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In the present study, the antifungal activity and toxicity of the geranyl cinnamate ester (GCE) were investigated.'e GCE showed
antifungal activity at a minimum concentration of 0.16 μL/mL against Candida albicans and at concentrations greater than 2.5 μL/
mL against Aspergillus niger. In acute toxicity studies, the administration of GCE (2.000mg/kg) affected the body weight gain and
food intake but did not induce the mortality of the animals studied. After the investigation of repeated-dose toxicity of GCE at 2
and 4mg/kg, the hematological and biochemical parameters were changed. In addition, the adrenal weight of male mice treated
with GCE at 4mg/kg was affected. In conclusion, according to the Organization for Economic Cooperation and Development
(OECD) acute toxicity parameters, the geranyl cinnamate ester can be classified into safety category number 5. 'e results of this
study suggested that the geranyl cinnamate ester may be a source of natural antifungals.

1. Introduction

Natural antimicrobial compounds have been used by the
food industry as preservatives in industrialized foods. 'ese
compounds control and reduce the growth of bacteria and
fungi [1, 2]. However, many studies indicate that some
natural compounds can cause cancer and allergies in
humans [3]. Despite health hazards, these compounds are
essential in prolonging the storage time of food, and the use
of natural antimicrobials is an attractive opportunity for
food preservation.

Natural antimicrobials can be obtained from different
sources, including plants, animals, bacteria, algae, and fungi.
Several studies with antimicrobial compounds obtained
from plants have demonstrated their efficacy when applied
for food preservation [4, 5]. In this sense, several studies have
evaluated the efficacy of essential oils derived from aromatic
plants, such as thymol, carvacrol, allicin, geraniol, limonene,
among others, which showed inhibitory activity on the
growth of pathogenic bacteria of food origin [6].

Geraniol is an acyclic monoterpene alcohol and is pri-
marily extracted from different essential oils, namely,
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palmarosa, ninde, and rose oils [7, 8]. In particular, geraniol
has a high capacity to inhibit and kill Gram-positive and
Gram-negative bacteria, as well as some types of fungi and
some types of yeast [8]. 'e antifungal activity of geraniol is
also cited. In the study of Frias and Kozusny-Andreani [9],
essential oils extracted from lemon and citronella were tested
in four pathogenic fungi (Candida albicans, Nannizzia
gypsea, Sporothrix schenckii, and Aspergillus niger) and
showed high antifungal activity. In addition, in a study by
Tang et al. [10], the compounds geraniol and citral showed
excellent antifungal effects against common grain patho-
gens, such as Aspergillus flavus and Aspergillus ochraceus, in
in vitro and in situ tests.

Cinnamic acid, also known as 3-phenyl-2-propenoic
acid, consists of a naturally occurring aromatic fatty acid
originated from higher plants and found in Estoraques,
cinnamon oils, and coca leaves, has low toxicity and a broad
spectrum of biological activities against numerous micro-
organisms. Cinnamic acid is the main constituent of clove
oil, which constitutes of approximately 70 to 80% followed
by eugenol (4 to 7%) [11].

However, some essential oils are volatile, unstable to
light and heat, and easily decomposed depending on the
antimicrobial application. Generally, the esterification of
some essential oils improves specific substrate properties
such as emulsification, dispersion, and overall quality of the
consumer products. In this sense, the microbiological and
toxicity study of the geranyl cinnamate ester, which was
obtained by the esterification reaction between geraniol and
cinnamic acid, becomes interesting.

In the literature, no research presents the antifungal
activity of the geranyl cinnamate ester. 'ere are works that
have studied the antibacterial activity of other esters such as
eugenyl acetate against Gram-positive Staphylococcus aureus
(ATCC 9763) and Listeria monocytogenes (ATCC 15117)
and Gram-negative bacteria Escherichia coli (ATCC 25922)
and Pseudomonas aeruginosa (ATCC 27853) [12].

'ere are no reports evaluating the toxicological effects
of geranyl cinnamate ester (GCE) and its antimicrobial effect
against the fungi Candida albicans and Aspergillus niger.
'us, the aim of the present study is to investigate the
antifungal activity of geranyl cinnamate ester and the tox-
icity of acute and repeated doses (28 days) in mice.

2. Materials and Methods

2.1.GeranylCinnamateEster Production. 'e preparation of
the geranyl cinnamate ester was carried out according to
Zanetti et al. [13] by the esterification reaction of cinnamic
acid with geraniol (≥99%) from Sigma-Aldrich (Brazil),
under the following reaction conditions: 70°C, 15 wt% of
immobilized Candida AntarcticaNS88011, and 3 :1 geraniol
to cinnamic acid molar ratio. 'e reaction was carried out in
Erlenmeyer glass flasks (250mL) using an orbital shaker
(150 rpm), 10mL n-heptane as solvent, and 2 h reaction time
for all experiments. To purify the geranyl cinnamate ester
and to remove the unreacted reagents (enzyme Candida
Antarctica, cinnamic acid, and geraniol) after all experi-
ments, the final product was filtered with membranes and

then evaporated on a rotary evaporator with a maximum
temperature of 40°C. For this reaction, a 97% conversion of
geraniol to geranyl cinnamate ester was obtained.

2.2. Experimental Design

2.2.1. Antifungal Activity of Geranyl Cinnamate Ester.
Antifungal activity of the geranyl cinnamate ester was
evaluated according to the antifungal susceptibility testing
method described by the NCCLS (2004), with adaptations
and with two genera of fungi: yeast Candida albicans (ATCC
24433) and Aspergillus niger (ATCC 16888). 'e strains of
Candida albicans and Aspergillus niger were obtained from
the Laboratory of Mycology of the Community University of
the Region of Chapecó—Unochapecó.

'e strains were reactivated with Sabouraud dextrose
broth, and for the study, the fungal suspensions were pre-
pared by choosing five colonies with a diameter of ap-
proximately 1mm after incubation of 24 h of the Candida
species.'e colonies were suspended in 5mL of sterile saline
(0.90% saline), and the resultant suspension was homoge-
nized on a vortex shaker for 15 seconds. Subsequently, a
saline solution was added to obtain the turbidity equivalent
to the standard solution of the McFarland 0.5 scale to obtain
a standard yeast suspension containing approximately 105
microorganisms per 1 mL.

Assays were performed using 20mL of sterile Sabouraud
dextrose agar culture medium at 65°C in Petri dishes
(50×10mm) and were allowed to solidify. Different
amounts of geranyl cinnamate were added to the agar in
different plates, obtaining different concentrations as shown
in Table 1.

A volume of 10 μL of the microorganism suspension
was then inoculated onto the agar and spread with the aid
of a Drigalski loop over the entire surface of the plate. 'e
plates were incubated at 36 ± 1°C in a greenhouse (J
Prolab, model B3) for 48 h for the Candida albicans and
for 5 days at 27 ± 1°C for Aspergillus niger. After this time,
antifungal activities were evaluated by the presence or
absence of colony formation. To verify the growth of the
microorganisms, a control plate was prepared with the
microorganism without the addition of antifungal
compounds.

2.2.2. In Vivo Assays

(1) Animals. Male and female (nulliparous and nonpreg-
nant) mice (20–30 g) from Unochapecó bioterium
(Chapecó-SC) were used. Animals were housed in groups of
five mice in plastic cages (28.0×12.5×19.0 cm) at constant
room temperature (22± 2°C) and humidity (40–60%), under
a 12 h light/dark cycle with free access to food (Biobase®)and water ad libitum. Experiments were approved by An-
imal Care Local Ethical Committee (CEUA-
UNOCHAPECÓ; Protocol 008/2018). Animal care and
experiments were conducted in accordance with Brazilian
law (Brazil, 2008; CONCEA, 2018) and EU Directive 2010/
63/EU for animal experiments.
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(2) Treatments. Geranyl cinnamate ester (GCE) is a water-
insoluble compound and, therefore, it was dissolved in corn
oil (0.1, 0.2, 0.4, or 200.0mg/mL), according to the OECD
Guidelines 423 [14] and 407 [15] and was administered by
gavage. In the acute toxicity studies, the GCE was orally
administered to mice at a dosage of 2000.0mg/kg and for the
repeated-dose toxicity studies at 1.0, 2.0, or 4.0mg/kg (p.o.)
for 28 days. All treatments were with respect to the dosage of
10mL/kg body weight. To determine the concentration to be
used in the tests, the maximum percentages of addition of
active compounds in packaging (4%) and the minimum
amount of ester necessary to inhibit microbial growth were
considered. It was considered for the calculation of 100%
release of the active compound from the packaging to the
product and, thus, a value of 1mg/kg is obtained. 'e eu-
thanasia was performed with thiopental sodium (50mg/kg,
i.p.) preceded by hydrochloride lidocaine (10mg/kg, i.p.).

(3) Toxicity Studies. 'e toxicity studies were based on the
guidelines of the Organization for Economic Cooperation
and Development (OECD). 'e acute oral toxicity studies
were performed according to Guideline 423 [14], and the
repeated-dose (28-day oral administration) toxicity studies
followed the Guideline 407 [15]. 'ese OECD guidelines are
the worldwide reference for chemical testing.

Regarding the acute toxicity test (OECD 423), female
mice received a single GCE dose (2000mg/kg, p.o.) (n� 3
mice/experimental step). 'e animals were fasted before
administration (food but not water was withheld for 3 h).
After the administration, animals were observed with special
attention during the first 4 hours and 12 hours later, and
every day for 14 days. 'e body weight gain and food intake
were registered every two days during the experimental
period. Observations of the abnormal behavior of female
mice such as piloerection, palpebral ptosis, abdominal
writhing, muscular tonus, motor activity, hypothermia,
shacking, posterior paw paralysis, salivation, bronchial se-
cretion, lethargy, diarrhea, and convulsions were considered.
Moreover, the number of deaths was registered.

For repeated-dose toxicity tests (OECD 407), the GCE
was administered in three different doses by gavage once a
day for 28 days. Female (n� 20) and male (n� 20) mice were
divided into four groups containing five animals by gender,
according to the OECD Guideline 407 [15]: group I: control,
treated with vehicle (corn oil, 10.0mL/kg); group II: GCE
1.0mg/kg, p.o.; group III: GCE 2.0mg/kg, p.o.; and group
IV: GCE 4.0mg/kg, p.o. 'e 1.0mg/kg dose was chosen

according to the profile of GCE release from the package to
food. Considering that the preservative would be ingested at
1.0mg/kg, the doses of 2.0 and 4.0mg/kg were defined in
accordance to the OECD 407 (2 to 4 fold intervals for setting
the dose levels). 'e same toxicity signs described in the
OECD 423 were observed. Food intake and body weight gain
were registered every two days throughout the experiment.

'e euthanasia of animals occurred at the end of the
experimental protocols on the 15th and 29th days (acute and
repeated-dose toxicity study, respectively). Mice were eu-
thanized with thiopental sodium (50.0mg/kg, i.p.) preceded
by lidocaine hydrochloride (10.0mg/kg, i.p.). Blood and
urine were collected from the hepatic portal vein and
bladder, respectively, from mice submitted to the repeated-
dose toxicity study.

'e organs (brain, heart, thymus, spleen, adrenals,
kidney, and liver (OECD 2008)) were removed (both after
the acute and subacute study) and weighed for statistical
analysis and further histopathological studies. 'e relative
organ weight was calculated considering the body weight of
the mouse by using the following equation:

relative organweight(%) �
organweight∗ 100
mouse body weight

. (1)

2.2.3. Biochemical Parameters. Serum investigations were
made for sodium (Na), potassium (K), glucose (GLU), total
cholesterol (COL)and fraction (LDL), triglycerides (TRI),
uric acid (UAC), creatinine (CRE), total protein (PRO),
albumin (ALB), and two enzymes indicative of hepatocel-
lular effects: alanine aminotransferase (ALT) and alkaline
phosphatase (AP). 'e analyses were performed with Lab-
test® kits using a spectrophotometer BTS-310® (Bio-
systems®). Considering that the blood volume collected
from the mice varied from animal to animal, the final
number of animals used in the tests was between 3 and 5 per
group.

2.2.4. Hematological Parameters. Blood was collected into
EDTA tubes (0.5mL), and some parameters were evaluated:
hemoglobin (Hb), red cell distribution width (RDW),
haematocrit (HCT), mean corpuscular volume (MCV),
mean cell hemoglobin (MCH), mean cell corpuscular he-
moglobin concentration (MCHC), white blood cell counts
(WBC), erythrocyte count, reticulocytes, eosinophils (E),
monocytes (M), neutrophils (N), lymphocytes (L), and

Table 1: Concentration of geranyl cinnamate ester for the solid medium diffusion test.

Sample Geranyl cinnamate volume (μL) Geranyl cinnamate concentration in the plate (μL/mL)
a 50.00 10.00
b 25.00 5.00
c 12.50 2.50
d 6.25 1.25
e 3.12 0.62
f 1.56 0.31
g 0.78 0.16
i (control) 0 0
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platelet counts. 'e analyses were performed on the ABX
Micros 60® equipment. Considering the fast blood coagu-
lation, the final number of mice haemogram varied between
3 and 5 per group.

2.2.5. Urinalysis. 'is analysis was performed using Uri-
quest Plus® (Labtest®, Brazil) semiquantitative fast deter-
mination reagent strips for urobilinogen, glucose, ketone
bodies, bilirubin, total protein, ascorbic acid, blood, nitrite,
leucocytes, pH, and density.

2.2.6. Histopathology. Five animals (two males and three
females) from each treatment group were randomly chosen
for the histological analysis. Brain, heart, thymus, spleen,
adrenals, kidneys, and liver were fixed in neutral buffered
10% formalin. 'e samples were dehydrated with alcohol,
cleared with xylene, embedded in paraffin, sectioned, and
stained with hematoxylin and eosin. Samples were then
processed and examined by optical microscopy.

2.3. Statistical Analysis. Two-way repeated-measures anal-
ysis of variance (ANOVA) followed by the Bonferroni test
was used to evaluate the relative body weight and food intake
of mice. One-way ANOVA post hoc Bonferroni was per-
formed for the evaluation of the hematological and bio-
chemical analysis and relative weight of organs (repeated-
dose study). 'e relative weight of organs in the acute
toxicity study was analysed with the unpaired t-test.
GraphPad Prism® 5.0 software was used to perform the
statistical analysis. Data were expressed as mean± SEM. 'e
level of significance was set as p< 0.05.

3. Results

3.1. Results Obtained for the Antifungal Activity of the Geranyl
Cinnamate Ester. Antifungal activity of the geranyl cinna-
mate ester was carried out with yeast Candida albicans. 'e
tests were performed with seven different concentrations of
geranyl cinnamate ester, and the diameter values of Candida
albicans growth inhibitor halos were compared with the
control sample, which contained only pure agar without the
active compound. 'e results are presented in Figure 1.

Geranyl cinnamate ester was active for all concentrations
tested, and the minimum concentration was 0.16 μL/mL
(letter f ) against Candida albicans. It is possible to observe
that, in the control sample, there was no inhibition of the
growth of the fungus.

Antifungal activity of the geranyl cinnamate ester was
also evaluated against the fungus Aspergillus niger. 'e tests
were performed with different concentrations of geranyl
cinnamate ester, and the results are shown in Figure 2.

'e geranyl cinnamate ester showed antifungal activity
against Aspergillus niger fungus when used at a concen-
tration of up to 2.5 μL/mL (letter c).

3.2. Acute Toxicity. On the first day of the experiment
(during 4 h after administration), GCE-treated mice

presented lethargy and sedation, without the loss of reflexes
and respiratory depression. No deaths occurred during the
experiment. 'e body weight of the GCE-treated mice in-
creased at the 6th (p< 0.01), 12th (p< 0.01), and 15th day
after treatment (p< 0.001).'e results indicate a weight gain
of the mice treated with corn oil (p< 0.001) on the 12th and
15th day, when compared to the beginning (day 0) of the
treatment and there was a significant (p< 0.05) body weight
gain of the GCE-treated mice in comparison with the ve-
hicle-treated group at the 15th day after the oral adminis-
tration (Figure 3(a)). However, the food intake of the GCE-
treated mice was significantly (p< 0.001) lower than the
control group food intake from the 3rd to the 12th day after
the treatment (Figure 3(b)). 'e oral administration of GCE
induced a significant increase (p< 0.05) in the relative
weight of the kidney when compared to the corn oil-treated
mice (Figure 4). 'ere were no significant changes in the
relative weight of brain, heart, thymus, liver, and adrenals
between the groups (data not shown).

3.3. Repeated-Dose Toxicity. Gross behavior of the animals
was observed during the 28 days of administration. One
male mouse treated with GCE 4mg/kg group presented
diarrhea at the first week of administration. Female mice did
not present any sign of toxicity.

3.3.1. Body Weight Gain. All female mice treated with GCE
(1, 2, and 4mg/kg, p.o.; Figure 5(a)) presented a significant
body weight gain when compared to the 1st day of treat-
ment. At the 22nd and 28th day of observation, the body
weight of GCE 1mg/kg-treated female mice was significantly
(p< 0.05) increased in comparison with the first (day 1)
measurement taken in the same group. 'e body weight of
GCE 2mg/kg-treated female mice was significantly higher at
the 25th (p< 0.01) and 28th (p< 0.05) day when compared
to the 1st day of treatment. 'e body weight of GCE 4mg/
kg-treated female mice was significantly (p< 0.001) in-
creased at the 25th day of treatment. 'e body weight of the
vehicle-treated female mice (corn oil, 10mL/kg) was sig-
nificantly (p< 0.05) increased at the last day (28th) of the
experiment when compared to the 1st day of treatment.

'e body weight of male mice (Figure 5(b)) was not
affected by the GCE administration. 'ere were no signif-
icant differences between the weight gain of the GCE-treated
groups in comparison with the vehicle group at the same day
of treatment.

3.3.2. Food Intake. Figure 3 demonstrates the food intake of
the GCE and vehicle-treated female (Figure 6(a)) and male
(Figure 6(b)) mice. 'e food intake of female mice did not
present any significant variation between the vehicle group
and the GCE-treated groups (Figure 6(a)); while the food
intake of the male mice (Figure 6(b)) was significantly af-
fected by the GCE treatment: food consumption of GEC
1mg/kg-treated group was significantly (p< 0.05) higher at
week 2 in relation to the vehicle-treated group (corn oil-
treated, 10mg/mL) in the same week.'e food consumption
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of GCE 4mg/kg-treated group was significantly (p< 0.05)
decreased at week 3 in relation to the GCE 2mg/kg-treated
group in the same week, and there was a significant
(p< 0.05) decrease at week 3 in relation to week 1 of the
same treatment group.

3.3.3. Haematological Parameters. Haematological data of
male and female ECG (1, 2, 4mg/kg, p.o.) and vehicle-
treated mice are presented in Table 2. Mice (female and
male) treated with GCE at 4mg/kg presented a significantly

(p< 0.05) lower number of reticulocytes (%) when com-
pared to GCE 1mg/kg-treated group.

Lymphocytes (%) of the GCE 4mg/kg-treated male
mice presented a significant (p< 0.05) decrease
in lymphocytes when compared to the vehicle-treated
group (corn oil, 10mg/mL). No changes were detected
between the female mice groups. GCE 4mg/kg-treated
male mice presented a significant (p< 0.05) increase in
neutrophils (%) compared to the vehicle-treated group,
while no changes were detected between the female mice
groups.

Figure 1: Results of the agar diffusion assays for the antifungal activity of geranyl cinnamate ester with yeast Candida albicans of different
concentrations: (a) 10.00 μL/mL, (b) 5.00 μL/mL, (c) 2.50 μL/mL, (d) 1.25 μL/mL, (e) 0.62 μL/mL, (f ) 0.31 μL/mL, and (g) 0.16 μL/mL.

Figure 2: Results of the agar diffusion assays for the antifungal activity of geranyl cinnamate ester with yeast Aspergillus niger of different
concentrations: (a) 10.00 μL/mL, (b) 5.00 μL/mL, (c) 2.50 μL/mL, (d) 1.25 μL/mL, (e) 0.62 μL/mL, (f ) 0.31 μL/mL, and (g) 0.16 μL/mL.
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Platelets (×103/mm3) of the male mice treated with GCE
at 4mg/kg were significantly decreased when compared to
the GCE 2mg/kg-treated group (p< 0.01), GCE 1mg/kg-
treated group (p< 0.05), and vehicle-treated group
(p< 0.05). 'e female mice platelet number was not altered
between the groups.

Hemoglobin (Hb), red cell distribution width (RDW),
haematocrit (HCT), mean corpuscular volume (MCV),
mean cell hemoglobin (MCH), mean cell corpuscular he-
moglobin concentration (MCHC), white blood cell counts
(WBC), erythrocytes counts, and monocytes did not change
significantly between groups.

3.3.4. Biochemical Parameters. Several biochemical pa-
rameters were affected by the mice treatment with GCE.

'ese data are depicted in Figure 4 (female mice) and
Figure 5 (male mice).

'e Na+ (mEq/L) serum level in the GCE 1mg/kg-
treated female mice (Figure 4(a)) was significantly (p< 0.05)
decreased in relation to the vehicle group. No variations in
Na+ (mEq/L) levels were detected in the serum of male mice
(Figure 5(a)).

'e K+ serum levels (mEq/L) in the female (Figure 4(b))
and male (Figure 5(b)) GCE 4mg/kg-treated groups were
significantly (p< 0.05) increased in female mice and de-
creased in male mice when compared to the GCE 2mg/kg-
treated groups.

Treatment of female mice (Figure 4(c)) with GCE at
4mg/kg induced a decrease in PRO (g/dL) serum levels
when compared to the vehicle-treated animals; GCE 1mg/
kg-treated male mice (Figure 5(c)) presented a significant
(p< 0.05) increase in PRO levels in relation to the GCE 2 and
4mg/kg-treated groups.

Female mice that received GCE at 2 and 4mg/kg (p.o.)
showed significantly (p< 0.05) decreased ALB (g/dL) serum
levels (Figure 4(d)) when compared to the vehicle-treated
group, while male mice that were orally treated with GCE at
2mg/kg presented a significant (p< 0.05) decrease in the
ALB serum levels (Figure 5(d)) in relation to the vehicle and
GCE 1mg/kg-treated groups.

'e treatment of female mice with GCE at the highest dose
elicited a significant (p< 0.05) increase in GLU (mg/dL) serum
levels (Figure 4(e)) in relation to the vehicle-treated group; in
male mice, there was a significant (p< 0.05) increase in GLU
serum levels (Figure 5(e)) of the GCE 2mg/kg-treated group in
comparison with the GCE 1mg/kg-treated animals.

COL (mg/dL) levels in the serum of female (Figure 7(f ))
and male (Figure 8(f)) GCE 4mg/kg-treated mice were
significantly (p< 0.05) increased in relation to the GCE
2mg/kg-treated group.
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Figure 3: Effect of geranyl cinnamate ester (GCE) acute treatment (2000mg/kg, p.o.) on relative body weight (%) of female mice (n� 3–6
mice/group) (a) and food intake (g food intake/g mice/day) (b). Data are expressed as mean + SEM. Two-way repeated-measures ANOVA
post hoc Bonferroni. Relative body weight (a): different from the initial weight (day 0). ∗∗∗p< 0.001 (corn oil-treated, 10mL/kg, p.o.),
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(corn oil-treated, 10mL/kg, p.o.) in the same day of measurement. Food intake (b): ∗∗∗p< 0.001 different from the vehicle group (corn oil-
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LDL serum levels (mg/dL) were affected in the animals that
received the highest ECG dose: in both sexes (Figures 4(g) and
5(g)), there was a significant (p< 0.05) decrease in comparison
with the GCE 2mg/kg-treated group.

TRI (mg/dL) levels in the serum of female mice
(Figure 4(h)) treated with GCE at 4mg/kg were significantly
(p< 0.05) increased in relation to the vehicle-treated group;
male mice (Figure 5(h)) that received GCE at 2mg/kg
presented a significant (p< 0.05) decrease in serum TRI
levels in relation to the GCE 1mg/kg-treated group.

ALT (mg/dL) levels in the serum of female (Figure 4(i))
and male (Figure 5(i)) mice treated with GCE at 2mg/kg
were significantly (p< 0.05) decreased in relation to the
vehicle-treated group.

Female (Figure 4(j)) and male (Figure 5(j)) mice treated
with GCE at 4mg/kg presented significantly (p< 0.05) in-
creased AP (U/L) serum levels when compared to the GCE
1mg/kg-treated group.

CRE (mg/dL) serum levels of female (Figure 4(k)) and
male (Figure 8(k)) GCE 4mg/kg-treated groups were
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Figure 5: Effect of geranyl cinnamate ester (GCE) repeated-dose treatment (1, 2, and 4mg/kg, p.o.) on the relative body weight of female
(a) and male (b) mice (n� 5 mice/group). Data are expressed as mean + SEM. Two-way repeated-measures ANOVA post hoc Bonferroni.
Symbols represent differences in relation to the first measurement (day 1) in the same treatment group (∗p< 0.05: vehicle group; #p< 0.05:
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Figure 6: Effect of geranyl cinnamate ester (GCE) repeated-dose treatment (1, 2, and 4mg/kg, p.o.) on food intake by female (a) and male
(b) mice (g food intake/g mice/day). Data are expressed as mean + SEM (n� 5 mice/group). Two-way repeated-measures ANOVA post hoc
Bonferroni. ∗p< 0.05 different from the vehicle group (corn oil-treated, 10mL/kg, p.o.) in the same week; §p< 0.05 different from the GCE
2mg/kg-treated group in the same week; ap < 0.05 different from the week 1 of the same treatment group.
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significantly (p< 0.05) decreased in relation to the GCE
2mg/kg-treated groups.

Treatment of female mice (Figure 4(l)) with GCE at
2mg/kg significantly (p< 0.05) decreased UAC (mg/dL)
serum levels in relation to the GCE 4mg/kg-treated animals;
while male (Figure 5(l)) GCE 4mg/kg-treated mice UAC
levels were significantly (p< 0.05) decreased in relation to
the vehicle-treated group.

3.3.5. Relative Organs’ Weights (%). Data of the relative
organs’ weight (%) of male and female GCE-treated mice (1,
2, and 4mg/kg, p.o.) are shown in Table 3.'e adrenal gland
relative weights of the GCE 4mg/kg-treated male animals
were significantly (p< 0.05) increased when compared to the
vehicle-treated group (corn oil 10mg/mL, p.o.). 'e other
organs (liver, kidney, spleen, heart, thymus, and brain) from
the ECG-treated male and female mice did not show any
significant differences in the relative weight (%) in com-
parison with the vehicle-treated animals.

3.3.6. Urinalysis. Urinary analysis did not present any sig-
nificant variation in the parameters evaluated in the groups

treated with the GCE when compared to the vehicle-treated
group (data not shown).

3.3.7. Histopathological Parameters. Organs from the male
and female mice treated during 28 days with GCE did not
present significant anatomic or histopathological variations
at any dose in comparison with the organs from the vehicle-
treated group.

4. Discussion

In the present study, it was demonstrated that the geranyl
cinnamate ester (GCE) was active for all concentrations
tested in the Candida albicans and for the Aspergillus niger
fungus when used with a concentration of up to 2.5 μL/mL.
In the scientific literature, there were no studies related to
the GCE, only some related to the geraniol activity, but
without the optimization of the concentrations in the
synthesis reactions.'erefore, the data obtained in this stage
of the work confirm the antimicrobial activity of the GCE
with the fungi tested, showing the importance that this
compound may have in an area where few studies are
published for growth control, using natural compounds.

Table 2: Effect of the geranyl cinnamate ester (GCE) repeated-dose treatment (1, 2, and 4mg/kg, p.o.) on female and male mice
haemograms.

Vehicle GCE 1mg/kg GCE 2mg/kg GCE 4mg/kg
Male

WBC (×103/mm3) 1.65± 0.37 2.16± 0.52 3.10± 0.38 2.94± 0.87
Hb (g/dL) 12.83± 1.34 11.78± 1.23 13.73± 1.34 12.88± 1.52
HCT (%) 38.20± 5.61 31.94± 4.67 41.63± 5.59 38.36± 4.86
MCV (μm3) 48.50± 1.44 47.20± 0.20 47.20± 0.62 47.20± 0.44
MCH (pg) 16.15± 0.27 17.88± 1.21 16.23± 1.02 15.86± 0.16
MCHC (g/dL) 33.55± 1.08 37.96± 2.71 33.70± 1.75 33.84± 0.49
RDW (%) 16.75± 0.73 16.26± 0.17 16.73± 0.64 16.32± 0.19
Platelets (×103/mm3) 373.80± 60.64 358.50± 60.33 475.50± 27.84 112.70± 5.55∗/#/§§
Erythrocytes (×106/mm3) 6.76± 0.89 5.85± 1.52 6.93± 0.93 7.15± 0.34
Reticulocytes (%) 0.90± 0.08 1.20± 0.08 1.00± 0.08 0.80± 0.08#
Neutrophils 6.00± 0.86 7.00± 0.86 7.00± 0.86 10.00± 0.86∗
Lymphocytes 93.00± 1.03 91.00± 1.03 91.00± 1.03 88.00± 1.03∗
Monocytes 1.00± 0.29 0.00± 0.29 1.00± 0.29 0.00± 0.29

Female
WBC (×103/mm3) 2.13± 0.14 1.00± 0.20 1.95± 0.37 2.27± 0.60
Hb (g/dL) 13.60± 1.40 14.84± 0.49 15.26± 0.29 12.84± 0.71
HCT (%) 40.32± 5.03 45.18± 1.38 46.54± 1.05 36.72± 2.68
MCV (μm3) 48.00± 0.57 47.20± 0.37 47.60± 0.24 47.20± 0.58
MCH (pg) 16.56± 0.70 15.44± 0.16 15.66± 0.10 16.58± 0.57
MCHC (g/dL) 34.28± 1.26 32.82± 0.28 32.82± 0.13 35.10± 0.86
RDW (%) 17.74± 1.37 16.04± 0.15 16.50± 0.21 16.12± 0.30
Platelets (×103/mm3) 164.60± 44.89 137.60± 32.52 316.00± 115.5 253.00± 57.09
Erythrocytes (×106/mm3) 6.71± 0.83 7.52± 0.23 7.75± 0.17 6.11± 0.44
Reticulocytes (%) 1.10± 0.11 1.50± 0.11 1.10± 0.11 1.00± 0.11#
Neutrophils 10.00± 0.47 11.00± 0.47 12.00± 0.47 12.00± 0.47
Lymphocytes 86.00± 0.57 88.00± 0.57 88.00± 0.57 86.00± 0.57
Monocytes 2.00± 0.48 3.00± 0.48 1.00± 0.48 3.00± 0.48
Data are expressed as mean + SEM. One-way ANOVA post hoc Bonferroni (n� 5 mice/group). ∗p< 0.05 different from vehicle-treated group; #p< 0.05
different from GCE 1mg/kg-treated group; §p< 0.05 and §§p< 0.01 different from GCE 2mg/kg-treated group. Hb: hemoglobin, RDW: red cell distribution
width, HCT: haematocrit, MCV: mean corpuscular volume, MCH: mean cell hemoglobin, MCHC: mean cell corpuscular hemoglobin concentration, WBC:
white blood cell counts, erythrocyte count, reticulocytes, E: eosinophils, M: monocytes, N: neutrophils, L: lymphocytes, and platelet counts.
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Figure 7: Effect of the geranyl cinnamate ester (GCE) repeated-dose treatment (1, 2 and 4mg/kg, p.o.) on female mice biochemical
parameters. Data are expressed as mean + SEM. One-way ANOVA post hoc Bonferroni (n� 3–5 animals/group). ∗p< 0.05 different from
vehicle group; #p< 0.05 different from GCE 1mg/kg-treated group; §p< 0.05 different from GCE 2mg/kg-treated group; and @p< 0.05
different from GCE 4mg/kg-treated group. (a) Serum sodium (Na); (b) potassium (K); (c) total protein; (d) albumin; (e) glucose; (f ) total
cholesterol; (g) cholesterol fraction (LDL); (h) triglycerides; (i) alanine aminotransferase (ALT); (j) alkaline phosphatase (AP); (k) cre-
atinine, and (l) uric acid were evaluated.
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In a study of the antimicrobial activity of an essential oil
containing in its composition thymol, carvacrol, and gera-
niol (that is the compound used to obtain our ester), against
the fungus Candida albicans, Botelho et al. [16] demon-
strated that the essential oil exhibited an antifungal activity.
Additionally, in the work of Marcos-Arias et al. [17], the
authors reported that geraniol showed antifungal activity
against strains of Candida albicans. Moreover, in the work
carried out by Wang et al. [18], it was observed that geraniol
showed antifungal activity against A. flavus, A. carbonarius,
and P. viridicatum with values of minimum inhibitory
concentration (MIC) above 5.00 μL/mL.

Ternus et al. [8] evaluated the antimicrobial activity of
geraniol essential oil against different microorganisms. In
the agar diffusion test for Staphylococcus aureus, the mean
diameter of the zone of inhibition halo was 35.3± 0.08mm
and for Escherichia coli, the mean diameter of the halo was
(25.5± 0.05) mm. For cinnamic acid to bacteria of type
Staphylococcus aureus, the average diameter of the inhibition
halo was (16.5± 0.10) mm and for the bacteria of the
Escherichia coli halo average diameter was (11.0± 0.06) mm.

'e work carried out by Zanetti et al. [13] brings the data
on the antimicrobial activity of the geranyl cinnamate ester
against the same bacteria, and it is possible to observe that it
is bacteria of type Staphylococcus aureus the inhibition zone
had an average diameter halo of 22.7± 0.60mm and for
Escherichia coli, the zone of inhibition had an average di-
ameter of 17.2± 0.32mm. 'ese works [8, 13] show that the
junction of geraniol with cinnamic acid produced the ger-
anyl cinnamate ester, which is a compound microbiologi-
cally very active for the bacteria Staphylococcus aureus and
Escherichia coli.

'e mechanism of action of esters against bacteria and
fungi is possibly the same as that of essential oils. 'e
constituents of the oils destroy the cytoplasmic membrane
and the cell wall of bacteria and fungi. 'is effect results in
the extravasation of the cytoplasm and its coagulation, in
addition to inhibiting cellular respiration [19].

'is study also presented for the first time the acute and
repeated-dose toxicity of GCE. 'e OECD guidelines 423
and 407 used to perform the toxicity tests are worldwide
accepted and considered the standard model to assess the
toxicity of chemical compounds [20]. Considering that the
GCE is a candidate to be used as an additive for the food
industry, our results are considerably relevant.

Acute toxicity study demonstrated that mice treatment
with GCE at 2000mg/kg (p.o.) decreased food intake and did
not affect weight gain. 'erefore, the decreased food con-
sumption was not sufficient to affect mice weight gain and
might be related to the sedation elicited by the GCE ad-
ministration. Furthermore, GCE evoked an increase in the
relative weight of the mice kidneys, suggesting a possible
acute toxicity to this organ. Nevertheless, GCE acute
treatment did not induce mice death; therefore, this com-
pound is classified in the safety category 5 of the Global
Harmonized Classification System (GHS), and its LD50
(median lethal acute dose) is above 2000mg/kg [14].

Repeated-dose toxicity tests provided data about per-
sistent or cumulative toxic effects on target organs, dose-

response relationships, and the no-observed-adverse-effect
level (NOAEL) [15], where both sexes of mice were used for
the repeated-dose toxicity study, since toxicological studies
demonstrated some differences in the sensitivity between
females and males [15].

Gross behavior of the female GCE-treated (1, 2, and
4mg/kg, p.o.) mice groups was considered normal, and no
toxicity symptoms were noted during the 28 days of
treatment. However, diarrhea was observed at the first week
of administration in only one male mice treated with the
highest dose of GCE, which could represent an adverse effect
of the treatment. Moreover, no animals died during the
experimental period, and significant hematological and
biochemical variations were observed in animals treated
with GCE at the highest doses (2mg/kg and 4mg/kg) only.

Treatment of female mice with GCE did not impact the
food intake, neither body weight gain, since all groups
presented a significant weight gain during the experiment.
However, male mice treated with GCE did not present a
significant increase in body weight, which could be related to
the decreased food consumption elicited by the GCE at
4mg/kg. Considering that the food intake of the vehicle-
treated group did not change along the experimental period,
wemay infer that the stress caused by the repeated orogastric
gavage [21] did not affect the animals’ food intake.'erefore,
the decrease in food intake of GCE 4mg/kg-treated male
mice could indicate adverse effects [22, 23] or might rep-
resent an anorexigenic effect [24] of the compound.

No macroscopic lesions, abnormal anatomic aspects,
and no variations in the relative weight of the organs were
observed in the female mice after the administration of GCE.
Nevertheless, the treatment of male mice with GCE 4mg/kg
elicited an increase in the adrenal glands’ relative weight in
comparison with the vehicle group. Adrenal hyperplasia
may be related to hypersecretion of corticosterone by the
adrenal cortex as a consequence of adenohypophysis
stimulation, which secrets a large amount of ACTH (ad-
renocorticotropic hormone) [25]. 'erefore, we may spec-
ulate that the GCE at the highest dose could cause a
dysfunction in the hypothalamic-pituitary-adrenal (HPA)
axis in male mice.

'is hypothesis is consonant to the neutrophilia and
lymphopenia found in male mice treated with GCE 4mg/kg.
'ese abnormalities characterize a corticoid-mediated leu-
kogram variation [26], which could be attributed to changes
in the adrenal function. It is known that high levels of
cortisol influence the distribution of leukocytes in the blood,
causing lymphopenia by inducing the migration
of lymphocytes from the peripheral circulation [27] and
neutrophilia [27, 28] by inhibiting the apoptosis of these cells
[28].

Biochemical analysis revealed that the liver could be a
target organ of the GCE toxicity, since the levels of alkaline
phosphatase (AP) were significantly increased in the groups
(male and female) treated with GCE at the highest dose
(4mg/kg, p.o.), and other biochemical parameters that could
be related to liver toxicity were also altered in the plasma of
the GCE-treated mice. AP is present in several tissues, but is
particularly concentrated in the liver. 'erefore, increased
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Figure 8: Effect of the geranyl cinnamate ester (GCE) repeated-dose treatment (1, 2, and 4mg/kg, p.o.) on male mice biochemical
parameters. Data are expressed as mean + SEM. One-way ANOVA post hoc Bonferroni (n� 3–5 animals/group). ∗p< 0.05 different from
vehicle group; #p< 0.05 different from GCE 1mg/kg-treated group; §p< 0.05 different from GCE 2mg/kg-treated group; @p< 0.05 different
from GCE 4mg/kg-treated group. (a) Serum sodium (Na); (b) potassium (K); (c) total protein; (d) albumin; (e) glucose; (f ) total cholesterol;
(g) cholesterol fraction (LDL); (h) triglycerides; (i) alanine aminotransferase (ALT); (j) alkaline phosphatase (AP); (k) creatinine and (l) uric
acid were evaluated.
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AP levels are related to liver injury rather than other reasons
[24].

Generally, individual elevations of AP levels with no
variations in ALT levels are related to hepatic cholestasis
[29]. AP serum levels can be elevated due to the obstruction
of the bile ducts, which is related to increased canalicular
synthesis of AP with subsequent translocation to the hepatic
sinusoid [30]. 'erefore, cholestatic liver diseases are as-
sociated with increases in the synthesis and release of AP
[31]. In this sense, we may suggest that GCE, at the highest
dose, induced cholestatic hepatic injury in mice.

Additionally, other biochemical parameters, such as
glucose, total cholesterol, LDL, triglycerides, total protein (in
female mice), and albumin, were significantly affected in
animals treated with GCE, mainly at 4mg/kg. As the liver is
the main organ related to metabolism (and the changed

parameters are related to metabolism) [29, 32], we suggest
that these variations could be related to liver damage.
Nevertheless, no differences in the histopathological analysis
of the liver were detected in the present study, indicating that
the tissue damage was not sufficient to change its histological
structure.

Hemostasis is directly associated with liver function,
since several coagulation factors are synthesized by the liver
[33]. In this sense, thrombocytopenia is a hematological
change frequently found among patients with chronic liver
disease [34]. Considering that the liver is the organ re-
sponsible for the activation of the coagulation cascade, and
once damaged, it compromises the coagulation homeostasis
[35], the variations in biochemical markers of hepatic
function in mice treated with the highest GCE dose could be
related to the thrombocytopenia [26] found in these animals.

Table 3: Relative organs’ weight (%) (brain, heart, thymus, spleen, adrenals, kidney, and liver) of the male and female mice treated with the
geranyl cinnamate ester (GCE) at 1, 2, and 4mg/kg (p.o.) for 28 days.

Vehicle GCE 1mg/kg GCE 2mg/kg GCE 4mg/kg
Male

Brain 1.18± 0.04 1.17± 0.01 1.16± 0.03 1.21± 0.02
Heart 0.39± 0.01 0.41± 0.01 0.43± 0.02 0.39± 0.01
'ymus 0.23± 0.01 0.21± 0.03 0.24± 0.01 0.23± 0.01
Spleen 0.29± 0.02 0.29± 0.01 0.31± 0.01 0.31± 0.01
Adrenals 0.020± 0.005 0.030± 0.004 0.030± 0.003 0.040± 0.004∗
Kidney 1.55± 0.02 1.60± 0.06 1.58± 0.07 1.69± 0.07
Liver 4.63± 0.26 4.84± 0.07 4.81± 0.07 4.73± 0.05

Female
Brain 1.35± 0.07 1.36± 0.07 1.39± 0.0 1.46± 0.03
Heart 0.39± 0.02 0.37± 0.01 0.42± 0.02 0.41± 0.02
'ymus 0.33± 0.02 0.32± 0.02 0.28± 0.02 0.30± 0.03
Spleen 0.51± 0.08 0.38± 0.02 0.35± 0.02 0.40± 0.01
Adrenals 0.050± 0.007 0.060± 0.004 0.070± 0.008 0.080± 0.006
Kidney 1.44± 0.13 1.29± 0.11 1.27± 0.09 1.26± 0.05
Liver 4.71± 0.13 4.08± 0.18 4.20± 0.17 4.16± 0.23
Data are expressed as mean+ SEM. One-way ANOVA post hoc Bonferroni. ∗p< 0.05 different from the vehicle-treated group (corn oil, 10mg/mL, p.o.).
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Figure 9: Diagram of the mechanisms involved in the toxic effect of GCE (4mg/kg, p.o., 28 days) in mice. Dotted arrows indicate a possible
effect (created with Biorender.com).
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'e serological decrease in uric acid levels at the highest
GCE dose and the discreet hyponatremia observed in the
GCE 1mg/kg-treated group may be related to the uricosuric
action of plants from Poaceae family, such as Cymbopogon
martinii. Interestingly, corn silk, Zea mays L. (Poaceae),
presents uricosuric, diuretic, antilithogenic, and antiseptic
properties [36] and is traditionally used worldwide for the
treatment of edema, as well as for cystitis, gout, neph-
rolithiasis, nephritis, and prostatitis [37].

From the above discussion of the findings obtained in
this study, it can be therefore suggested that the GCE, at
4mg/kg, p.o., exerts its toxic effects on the animals by the
following mechanisms: (i) liver injury (evidenced by the
serological increase in the ALP enzyme), which leads to
metabolic dysfunction (variations in serum glucose, pro-
teins, and lipid levels) and, possibly, reduced production of
coagulation factors, which are important for normal platelet
function; (ii) adrenal hyperplasia, which might be related to
GCE-induced dysfunction of the HPA axis, resulting in
increased production of corticosterone, which impacts on
the leukogram of the animals, causing lymphopenia and
neutrophilia. 'ese hypotheses are illustrated in Figure 9.

In conclusion, the GCE showed activity against Candida
albicans and Aspergillus niger at very low concentrations as a
very active compound for the tested fungi. Furthermore, this
study comprises the first analysis on the toxicity of the
geranyl cinnamate ester in experimental animals. 'e acute
toxicity study demonstrated that the GCE can be classified
into safety category 5, according to the OECD acute toxicity
parameters. 'e study of repeated doses revealed that the
lowest GCE dose is devoid of toxicity, which is extremely
significant for the food industry, considering its application
as a food preservative. Last, the biochemical and hemato-
logical variations observed in animals treated with GCE at
the highest dose point to the liver as the target organ of
potential GCE toxicity.
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