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Abstract: Clove (Syzygium aromaticum) is a spice widely used for its medical properties, though the
species lacks scientific evidence regarding its toxicity and biologic effects. The aim of this study
was the chemical identification by GC-MS analysis and evaluation of the hemolytic, anticoagulant,
antidiarrheal and antipyretic activities of the essential oil from S. aromaticum (EOSa) in adult male
mice. Essential oil was obtained by hydrodistillation and provided 9.8% v/w yield. GC-MS analyses
allowed the identification of nine constituents, with eugenol (84.63%) as the majority. EOSa was
diluted in several concentrations (0.005–2 mg/mL) for hemolytic assays, showing hemolytic activity
above 20% in concentrations higher than 0.625 mg/mL. Different concentrations of EOSa induced
a coagulation time 100% higher than control blood. 50 and 100 mg/kg of EOSa caused additional
intestinal motility induced by castor oil by 90–100%. Fever, induced by Saccharomyces cerevisae 15%
(s.c.), was controlled by 50 and 100 mg/kg EOSa (p.o.), effects similar to 100 mg/kg dypirone. Results
showed that when used orally, EOSa may have a certain degree of toxicity in high dosages, but with
antipyretic and intestinal motility properties.

Keywords: essential oil; GC-MS; fever; intestinal motility; toxicity

1. Introduction

Plants are a rich source of potent and efficient compounds. These products can be extracted by
several means and can play key roles in human health [1–4]. The main property found in natural
products is the antioxidant activity and it is related to several adjusts in cell and tissue impairments,
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such as hemolysis, apoptosis [5] and inflammatory and tumoral processes [6]. Moreover, studies
have proved that specific roles, such as upregulating proteins responsible for stabilizing erythrocyte
membranes [7,8] and reducing oxidative stress of chronic diseases [9,10]. Although industries tend
to choose compounds due to commercial properties, several plants are commonly used in popular
medicine [8].

Syzygium aromaticum (L.) Merr. & L.M. Perry—popularly known as the clove— is a Myrtaceae
plant originally from Asia whose buds have been used worldwide for centuries as a spice in several
dishes. In addition to this, clove buds are also used in popular medicine for a myriad of diseases
and conditions, as a pain reliever and muscle relaxant, in fungal and bacterial infections, nausea
and vomiting, allergies and for diabetes and hypertension [11]. In view of such variety, many doses,
formulations, routes of administration and exposure times have been used, mainly without professional
guidance [12]. This can considerably compromise the effects obtained and certainly cause unexpected
side effects and toxicity [13].

Therefore, many researchers have been looking for scientific evidence for the use of clove extracts
and essential oil. Some evidence of antioxidant, anti-inflammatory, analgesic, antipyretic, and sedative
effects has been found [14]. Although these studies are of fundamental relevance, they lack similarities
with the popular use since they have been performed in vitro or the products under test are applied
intraperitoneally. This pathway excludes hepatic metabolism, which is fundamental in the effect and
toxicity of biologically active molecules in animals [15].

Thus, this study aims to investigate hematologic, antipyretic and antidiarrheal biologic activities
and possible side effects caused by the oral use of the S. aromaticum essential oil (EOSa). This strategy
brings scientific evidence closer to popular use, widespread due to ease of access and low cost.

2. Materials and Methods

2.1. Essential Oil Obtention

Clove buds (500 g) were purchased at the town market of Barbalha–Ceará–Brazil. The samples
were minced and submitted to hydrodistillation through a Clevenger-type apparatus for 3 h obtaining
an essential oil for biologic research. To determine the content of essential oil in clove buds, quantitative
distillation (according to European Pharmacopoeia, Strasbourg, France [16]) was performed in triplicate.
Five grams of plant material was placed in a round-bottom flask (1000 mL) and 400 mL of distilled
water was poured over it—the installation was provided with a reflux condenser. The flask was put
into a distillation apparatus (steam distillation method) and distillation was carried out for 3 h from
the moment of the distillation of the first drop of essential oil. Achieved data of the oil volumes were
calculated to initial weight of vegetable material subjected to the distillation process, expressed as
percentage of dry weight. In the end, oil was collected, dried with anhydrous Na2SO4, measured,
transferred to glass flasks, and kept at −18 ◦C for further analysis.

2.2. Animals

This study has approval from the Committee of Ethics and Research with Animals of Regional
University of Cariri, n◦ 00067/2017.1. Mice, Mus musculus, Swiss, male, 12 to 14 weeks old, 35 g of
weight were chosen for this research. Animals were obtained from the Laboratory of Immunopathology
Keizo Asami-LIKA of Federal University of Pernambuco (UFPE). Animals were kept in the Department
of Biochemistry of UFPE, under light/dark cycle of 12 h/12 h, with food and water ad libitum
before experiments.

2.3. GC-MS Analysis

EOSa was analyzed using a Shimadzu GC–QP2010 ultra series (Shimadzu, Kyoto, Japan) fitted
with a fused silica Rtx-5MS (30 m × 0.25 mm I.D.; 0.25 m film thickness) capillary column, with He as
the carrier gas at the flow rate of 1.05 mL/min. GC oven temperature was programmed from 80–180 ◦C
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at 25 ◦C/min, then to 180–246 ◦C at 10 ◦C/min, ending with 246–280 ◦C at 10 ◦C/min. The injector was
set to 220 ◦C, split ratio 1:20; injection volume 1 µL of 5-µg/mL solution in dichloromethane. Significant
quadrupole MS operating parameters: interface temperature at 300 ◦C; electron impact ionization at
70 eV with scan mass range of 40–350 m/z at a sampling rate of 1.0 scan/s. Constituents were identified
by computer search using digital libraries of mass spectral data (NIST 08) and by comparison of their
authentic mass spectra. The retention index was obtained by injecting a C8–C40 linear hydrocarbon
mixture under these same conditions [17]. Identity of the compounds was confirmed by their retention
indices and mass spectra taken from literature [18,19] and own data for co-injection with standards
(methyl salicylate ≥ 99% GC, chavicol ≥ 98.0% GC, (E)-cinnamaldehyde ≥ 99%, eugenol ≥ 98%,
α-humulene ≥ 96.0% GC, eugenol acetate ≥ 98% GC from Sigma-Aldrich Chemie GmbH, Germany).
The relative percentages of the separated compounds were calculated from integration of the peak
areas in the GC chromatograms.

2.4. Anticoagulant Activity

Animals were anesthetized with xylazine (10 mg/kg) and ketamine (115 mg/kg) (i.m.) for blood
extraction through the retroorbital plexus. Commercial anticoagulants ethylenediaminetetraacetic
acid (EDTA) and sodium citrate 3.5% (Labor Import, Osasco, Brazil) were used as positive controls,
samples of 500 µL of blood were added to tubes with several concentrations of EOSa (0.125 mg/mL;
0.250 mg/mL; 0.5 mg/mL; 1 mg/mL; 2 mg/mL and 4 mg/mL) and sodium chloride 0.9% and distilled
water were negative controls.

Concentrations of EOSa in DMSO 0.4% (dimethyl sulfoxide) were based on a curve of
concentrations, in which the concentration of sodium citrate was placed in the middle of the curve.
Sodium citrate (3.5%), EOSa concentrations ranging from 0.22% to 14% of final volume. The samples’
coagulation time (triplicates) were then observed, timed and noted [20].

2.5. Hemolytic Assay

Hemolytic activity was investigated according to the methodology described by [20]. An aliquot
of 2 mL of blood was collected as described above and centrifuged at 1000 rpm for 10 min at −4 ◦C.
After plasma removal, the pellet was resuspended and washed five times with PBS (phosphate buffered
saline, pH = 7.4). 100 µL of red blood cells solution 8% (v/v) in PBS were added to tubes with EOSa in
DMSO 0.4% diluted in several concentrations (0.009 mg/mL; 0.019 mg/mL; 0.039 mg/mL; 0.078 mg/mL;
0.0156 mg/mL; 0.3125 mg/mL; 0.625 mg/mL; 1.25 mg/mL; 2.5 mg/mL). A set of three samples containing
DMSO 0.4% and red blood cells was also included in order to subtract possible hemolysis caused by DMSO.

Samples were stirred for 60 min at 37 ◦C. After incubation, samples were centrifuged at 685 g
for 2 min, and supernatant was used for absorbance analysis. Positive control of hemolysis was
verified with Triton X–100 1% in PBS with red blood cells 4%. Negative control of hemolysis was
performed by a solution of 4% red blood cells in DMSO 0.4% diluted in PBS. Supernatants were
transferred to 96-well titer plate, and released hemoglobin was quantified by spectrophotometry in
µQuant™ (Biotek, Winooski, VT, USA). Absorbances of samples were read in 540 nm and percentage of
hemolysis was evaluated according to the following equation: (sample absorbance − negative control
absorbance)/(positive control absorbance − negative control absorbance) × 100.

2.6. Antidiarrheal Activity In Vivo

For this test, 24 mice were fasted for 24 h previous to experiment. Animals were allowed only
to drink water during this period. Mice were divided into 4 groups: negative control—100 µL of
carboxymethylcellulose (CMC) 1%; positive control—loperamide hydrochloride (2 mg/kg in 100 µL of
water); EOSa 50–50 mg/kg of EOSa diluted in 100 µL of CMC 1%; and EOSa 100–100 mg/kg of EOSa
diluted in 100 µL of CMC 1%.

After 30 min, the animals received 2 mL of castor oil (p.o). After the following 30 min, 2 mL/animal
(p.o) of 10% active carbon suspension solution in 5% gum arabic solution was administered. After 30 min



Separations 2020, 7, 35 4 of 12

of rest, the mice were anesthetized, sacrificed and immediate bowel extirpation (from the pylorus
to the onset of the cecum) was performed. The result of this test was assessed by the percentage
of charcoal with gum arabic solution movement in intestines (distance of charcoal with gum arabic
solution/intestine length) × 100 [21].

2.7. Antipyretic Activity

The methodology of antipyretic activity was based on Pasin [22]. Animals had their basal rectal
temperature assessed before experiment. Only animals with rectal temperature ranging from 36 ◦C and
37 ◦C were used. 24 animals received 100 µL of sodium chloride 0.9% containing Saccharomyces cerevisae
15% subcutaneously. After 18 h, animals had rectal temperature assessed once again, and the ones
with temperature equal to 38 ◦C or higher were divided into vehicle—DMSO (dimethyl sulfoxide
0.4%), metamizole (dipyrone 100 mg/kg), EOSa 50 (50 mg/kg of EOSa diluted in DMSO 0.4%) and
EOSa 100 (100 mg/kg diluted in DMSO 0.4%). After administration of the material, the animals had
their temperature evaluated hourly for 3 h.

2.8. Statistical Analysis

Results were expressed as mean standard deviation and analyzed with ANOVA, followed by
Tukey’s test (post hoc test). It was considered p < 0.05 for statistical difference. Data were analyzed in
the software GraphPad Prism 5.0, USA.

3. Results

3.1. Yield and Composition of EOSa

The EOSa content was (on average) 9.8% v/w of total dry weight. Amelia et al. [23] reported that clove
buds from Java and Manado contain about 4.99% v/w and 4.58% v/w of essential oil (steam distillation
method), which is a content lower than those obtained in the present study. While Guan et al. [24],
found a similar essential oil content for buds of clove from China—10.1% v/w (steam distillation) and
11.5% v/w (hydrodistillation). Kapadiya et al. [25] reported that clove buds contain about 11.93% and
v/w 13.11% v/w of essential oil (microwave assisted extraction method). Clove buds originated from the
Persian Gulf contained only 0.7–0.92% v/w essential oil [26]. Other sources present the following yields
of EOSa: 1.87% v/w [27], 7.05% v/w [28], 11.35% v/w [29] and 15.40% v/w [29]. The differences in the
essential oil yield are influenced by origin of clove buds, variety, storage conditions, sample preparation,
applied isolation method and the duration of the isolation process [23].

In the EOSa, 9 components were identified. The percentages of chemical constituents of
essential oil are shown in Table 1. Eugenol, with retention index 1361, was the major component of
EOSa—84.63%. Other studies have also reported high concentrations of eugenol in EOSa 90.3% [27],
82.47% [30], 83.75% [31], and 77.58% [32], according to place and time of the year floral buttons were
collected. The second major constituent of EOSa was eugenol acetate 11.37% with retention index
1530. Unlike eugenol, studies do not present important information about other constituents of EOSa.
eugenol acetate is part of eugenol metabolism, which increases phenylpropanoid representation in this
essential oil. eugenol is also found in other species, but it is not reported in such high concentrations as
in clove [33].
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Table 1. Compounds identified in the essential oil of S. aromaticum using gas chromatography mass spectrometry (GC-MS).

Compounds RI RIa RIb RIc RId RIe RIf Most Fragment Ions
with RInt * (%) Identification ** (%)

methyl salicylate 1220 1190 1187–1234 1191–1234 1182–1203 1185–1193 -
152 (49%), 120 (100%),

92 (93%) and 121
(31%)

1, 2, 3 0.20

chavicol 1257 1247 – – 1249–1254 – 1251–1265
134 (100%), 133 (91%),

107 (45%) and 77
(44%)

1, 2, 3 0.08

(E)-cinnamaldehyde 1272 1267 – – 1266–1277 – 1253–1287
132 (72%), 131 (100%),

103 (52%) and 77
(36%)

1, 2, 3 0.08

eugenol 1361 1356 1348–1378 1348–1359 1351–1366 1346–1370 1332–1367
164 (100%), 103 (35%),

149 (35%) and 131
(25%)

1, 2, 3 84.63

α-humulene 1448 1452 1430–1488 1432–1489 1431–1499 1449–1469 1414–1495 204 (4%), 93 (100%),
91 (36%) and 80 (29%) 1, 2, 3 0.32

9-epi-(E)-caryophyllene 1459 1464 1460–1476 1467 1453–1465 – 1467–1470 204 (45%), 41 (100%),
91 (87%), 161 (75%) 1, 2 2.31

eugenol acetate 1530 1521 1525 – 1522–1524 – 1524–1531
206 (9%), 164 (100%),
149 (22%), 131 (15%)

and 133 (14%)
1, 2, 3 11.37

caryophylla-4(12),8(13) dien-5β-ol 1628 1639 – – – – 1590–1641 41 (100%), 136 (70%),
91 (62%) and 79 (57%) 1, 2 0.67

(Z)-lanceol 1762 1760 1753 – 1761–1766 1764–1781 1739–1762
220 (1%), 43 (100%),
93 (92%), 41 (73%)

and 79 (70%)
1, 2 0.13

Total 99.79

RI—retention indices from temperature-programming, using definition of Van den Dool and Kratz [17]; RIa—retention indices reported in literature [18]; RIb—retention indices for
nonpolar column (5% phenyl and 95% dimethylpolysiloxane), temperature ramp [19]; RIc—retention indices for nonpolar column (5% phenyl and 95% dimethylpolysiloxane), custom
temperature program [19]; RId—Van Den Dool and Kratz retention indices, nonpolar column (5% phenyl and 95% dimethylpolysiloxane), temperature ramp [19]; RIe—Van Den Dool
and Kratz retention indices, nonpolar column (5% phenyl and 95% dimethylpolysiloxane), custom temperature program [19]; RIf—Normal alkane retention indices, nonpolar column
(5% phenyl and 95% dimethylpolysiloxane), temperature ramp [19]; ** RInt *—relative intensities; ** 1—retention index, 2—mass spectrum, 3—co-injection with standard.
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3.2. Anticoagulant Activity

Different concentrations of EOSa (0.0625 mg/mL to 4 mg/mL) provoked similar coagulation times
(Figure 1), around 2 min (p > 0.05). Results of EOSa effect compared to negative controls (saline 0.9%
and distilled water) showed an effect of 1 min retardation to coagulation (p < 0.0001). Anticoagulant
test, performed thrice, showed delay in coagulation during 1 min (Figure 1). Studies, commonly, are
performed in vivo and evaluate the time of protrombine activation. For these studies, there are several
aqueous extracts that have anticoagulant potential [34–37].
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Figure 1. Anticoagulation potential of S. aromaticum essential oil. a p < 0.0001 compared to coagulant
compounds (ethylenediaminetetraacetic acid (EDTA) and sodium citrate); b p < 0.001 compared to
non-anticoagulant compounds (saline 0.9% and distilled water), one-way ANOVA.

With the same test used in this work, a study with aqueous extract of Cesalpinia ferrea retarded
coagulation during 30 min [20]. This same study indicated that, even though 30 min seems a
short period, the purification of aqueous extract of C. ferrea constituents was needed to attest which
compounds had such activity, and if there is a way to enhance their anticoagulant potential [20]

Literature concerning essential oils that inhibit coagulation is vague, but one study with essential
oil of Tropaeolum majus also presented a retardation in coagulation time, despite this activity being
related to the intrinsic pathway of coagulation, these authors suggested that utilization of their material
in in vivo experiments was needed to confirm the potential of T. majus as anticoagulant [34].

Phenylpropanoids have not been tested for anticoagulant potential. Although eugenol is the major
compound of ESOa, it is possible that the retardation seen was caused by the minor compounds of
EOSa. Purification of these compounds could elevate the time to coagulate or stop coagulation process.

3.3. Hemolytic Activity

Figure 2 shows that higher concentrations of EOSa presented hemolytic effect. This characterizes
danger to EOSa utilization in high concentrations—and in high frequency—due to its toxicity to red
blood cells. The second test with blood content showed that EOSa is toxic to red blood cells if used in
higher concentrations. Results of this hemolytic test demonstrate that acute over exposition to EOSa
can lead to more than 70% of hemolysis (Figure 2). Valente and collaborators found similar results
with EOSa used in acute toxicity test in rodents [13].
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Figure 2. Hemolytic activity of S. aromaticum essential oil. Black bars indicate 100% of hemolysis;
red bars indicate moderate and high hemolysis; green bars indicate low hemolysis; White bars indicate
no hemolysis, p < 0.001, one-way ANOVA.

Hemolytic tests provide evidence to the possibility of a substance causing damage to mammals’
cell. Erythrocytes possess all essential structures of a human cell except for their lack of nuclei.
Studies often demonstrate that compounds with antioxidant properties have protector effects on cells
due to their free radical reducing potential [20,38,39]. Nonetheless, EOSa, with predominance of
eugenol, showed toxicity in higher concentrations, even though its antioxidant potential has been
well described in the literature [31,40]. EOSa presented up to 70% of hemolysis in the 2.5-mg/mL
concentration; almost the same effect of Triton-X 100. This potential for cell lysis may be related to
eugenol being capable of interaction with the cell membrane, diminishing some of its properties.

Extract of Syzygium cumini (seeds) tested for cytotoxicity in a study by Mathur and collaborators [41]
showed maximum cytotoxicity. However, seeds of S. cumini also showed anti-hemolytic potential
in the study of Saha and collaborators [42] and this was related to the concentration of polyphenols
and flavonoids found in the solvent extracts of S. cumini. The present study did not evaluate the
anti-hemolytic potential of EOSa, which could balance the essential oil’s toxicity factor.

3.4. Antidiarrheal Activity

EOSa 50 mg/kg and 100 mg/kg obtained different results from negative control (p < 0.01) and
from positive control (p < 0.0001) (Figure 3). These results were unexpected compared to this study’s
hypothesis. EOSa showed additive effect to castor oil. Figure 3 illustrates that EOSa treated animals,
independently of concentration, presented 90–100% of mark solution movement. 50 mg/kg of EOSa
and 100 mg/kg had the same effect (p > 0.05).
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EOSa: essential oil of S. aromaticum. a p < 0.01 compared to vehicle; b p < 0.0001 Compared to
loperamide hydrochloride, one-way ANOVA.

For antidiarrheal effect, essential oils are divergent. Some essential oils have been reported for
their antidiarrheal capacities, such as rosemary (Rosmarinus officinalis) and oregano (Origanum vulgare).
However, this effect is related to diarrhea caused by bacterial infection [43]. A couple of studies with
other plants that possess eugenol showed the same results and associated the substance’s capacity to
balance microorganisms [44]. In general, essential oils help intestinal motility, besides enhancing the
digestive process due to their capability to increase enzymatic activity and nitrogen absorption [43,45].
Regarding this effect, eugenol and other substances found in essential oil also play a key role through
their neurotransmitter regulation action, such as histamine and dopamine [46].

EOSa did not present diarrheic potential when administered in the mice used for the antipyretic
test. However, mice that were treated with castor oil before EOSa administration presented higher
intestinal motility than those who only received castor oil, about 35% (Figure 3). This represents an
additive effect of EOsa to castor oil.

Results suggest that EOSa induces diarrhea, contrasting with other study that indicates that
extracts of S. aromaticum have antidiarrheal effect, which differs from what is reported about its essential
oil [47]. Malik and Ahmad [48] tested S. polyanthum, another Syzygium species, with mice and reported
antidiarrheal activity in the same model of diarrhea assessment.

Literature shows that extracts of S. aromaticum are reported with different results and activities of
its essential oil. This is related to the concentration of secondary metabolites found in essential oil,
which differs completely from the compounds found in the extracts [40]. Aqueous extract of S. cumini
(125 mg/kg, 250 mg/kg, 500 mg/kg) was tested for antidiarrheal potential in the same protocol [49] and
presented antidiarrheal activity through intestinal motility and secretion reduction. It is observed that
extracts from Syzygium species combat diarrhea, and their essential oils produce the opposite effect,
possibly, because of their constituents. Thus, the process to obtain substances from clove are related to
the activity desired.

Interestingly, isolated eugenol has been reported as an inhibitor of the Ca2+-Activated Cl−

Channel TMEM16A, causing intestinal motility reduction in mice [50]. Another study has pointed to
a possible activity of eugenol in reducing the capacity of Campilobacter jejuni to cause gastroenteritis
on human intestinal epithelial cells [51]. For that we have no explanation, but we can hypothesize
that charcoal-induced diarrhea acts through a divergent mechanism from what has been observed by
others using isolated eugenol.
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3.5. Antipyretic Activity

Treatment groups presented antipyretic effect in the first hour after administration and kept
animals out of fever state during the time observed (p < 0.01). There was no difference between groups
50 mg/kg and 100 mg/kg, neither between EOSa groups and positive control.

Regarding antipyretic effect, our results were similar to others [15] that analyzed antipyretic
potential of EOSa, and it significantly reduced fever (p < 0.001) between 30 to 180 min after intraperitoneal
administration. Data from our study (Table 2) provides evidence that EOSa is well absorbed in the
liver and does not lose its potential since low concentrations such 50 mg/kg are as effective via oral
administration as higher concentrations were when administered intraperitoneally.

Table 2. Effect of S. aromaticum essential oil on fungi-induced fever.

Group 0 h 1 h 2 h 3 h

Vehicle 38.28 ± 0.18 38.36 ± 0.24 38.38 ± 0.3 38.35 ± 0.6
Metamizole 38.18 ± 0.17 36.98 ± 0.29 * 36.86 ± 0.51 * 36.65 ± 0.43 **

EOSa 50 mg/kg 38.21 ± 0.14 37.06 ± 1.2 * 36.53 ± 0.7 * 36.18 ± 1.08 **
EOSa 100 mg/kg 38.5 ± 0.33 36.5 ± 1.07 * 36.65 ± 0.74 * 36.25 ± 0.96 **

vehicle: DMSO 0.4%; metamizole: 100 mg/kg of dipyrone; EOSa: Essential oil of S. aromaticum. Results expressed as
mean ± SD, n = 6. * p < 0.01 compared to vehicle; ** p < 0.001 compared to vehicle, two-way ANOVA.

In another study using S. cumini extract, it was observed that the antipyretic potential was as
effective as the one presented by the positive control [52]. This was also found in a study with
S. polyanthum, which had paracetamol as positive control [53]. In this study, it was used metamizole,
but S. aromaticum also showed similar potential to control fever. Isolated eugenol showed antipyretic
activity when intragastrically or intravenously injected in rabbits, probably through central action [54].

As with many other biologic materials, the capability to combat fever was related to these
materials’ antioxidant effect. Clove materials applications have been related to their high antioxidant
activity [15,27,33,55]. Antioxidants reduce fever through reducing chemotaxis and inhibiting
cyclooxygenases COX-1 and COX-2 [40,55].

It is possible that the antipyretic activity of EOSa is due to eugenol presence. Data from previous
studies with rabbits demonstrate treatment of fever with eugenol [54]. In addition, it has been reported
that eugenol can inhibit COX-2, the main enzyme in the fever process [56].

4. Conclusions

Clove essential oil is already reported as a good antioxidant, anti-inflammatory and antipyretic.
GCMS analysis confirmed that eugenol is the major chemical component of EOSa. Moreover, results
proved antipyretic effect when orally administered, indicating that the essential oil is not affected by
liver metabolism. In addition, essential oil presented an additive effect with castor oil to increase
digestive motility. Besides this, essential oil of clove showed a brief retarded time for coagulation that
indicates a possible area for studies of its minority compounds.
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