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Abstract
Objectives This study aimed to compare the effects of Passiflora incarnata, Erythrina mulungu, and midazolam in controlling
anxiety in patients undergoing mandibular third molar extraction.
Methods The volunteers underwent extraction of their third mandibular molars in a randomized, placebo-controlled, triple-blind,
and parallel clinical trial. Passiflora incarnata (500 mg), Erythrina mulungu (500 mg), or midazolam (15 mg) was orally
administered 60 min before the surgery. The anxiety level of participants was evaluated using questionnaires and measurements
of physical parameters, including heart rate (HR), blood pressure (BP), and oxygen saturation (SpO2).
Results A total of 200 volunteers were included in this clinical trial. Considering each procedure independently, no significant
differences (p > 0.05) in BP, HR, and SpO2 were observed among the protocols.
Conclusions Passiflora incarnata showed a similar effect to midazolam but differed from placebo and mulungu, which were
unable to control anxiety in this situation. Therefore, the results suggest that Passiflora configures an herbal medicine with an
anxiolytic effect, adequate to use in third molar extractions.
Clinical relevance The use of Passiflora incarnata may be an alternative to benzodiazepines for controlling anxiety in patients
scheduled for oral surgery under local anesthesia.
Trial registration ClinicalTrials.gov: ANSI-388.427
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Introduction

Despite scientific and technological advances and the im-
provement of techniques in dentistry to achieve pain control,
dental treatment is still a reason for anxiety [1]. Anxiety can
manifest as agitated behavior and changes in physical param-
eters. Nevertheless, calm patients may also experience anxiety
during dental procedures, causing delay or even

discontinuation of treatment, thereby compromising patients’
oral health and quality of life [2].

There a re severa l pharmaco log ica l and non-
pharmacological interventions for anxiety control. When
non-pharmacological approaches are insufficient, sedation
techniques can be used to decrease anxiety [2]. This technique
is termed minimal sedation and defined by the American
Dental Association as the “minimally depressed level of con-
sciousness allowing the patient to keep his or her airway func-
tioning independently and to respond to physical stimulation
and verbal commands” [3].

Oral benzodiazepines are the most commonly used drugs
by dentists to achieve minimal oral sedation owing to its ease
of administration and a large margin of clinical safety [4]. As
benzodiazepines are allosteric GABA-A receptor modulators,
the GABA neurotransmitter should be present for the benzo-
diazepine effects to occur [5].

Owing to its satisfactory performance, midazolam has been
used as the drug of choice in standard protocols in a few
studies [6–8]. However, the associated side effects, such as
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anterograde amnesia, paradoxical reaction, and somnolence,
as well as patient recommendations to bring an attender along
for appointments and restrictions on operating vehicles or
hazardous machinery until the drug effects cease [3, 4] have
encouraged studies for new protocols for minimal sedation in
the dental office [5–9].

The preference for herbal medicines for dental sedation is
increasing [10–12]. Studies in countries like Brazil have dem-
onstrated their cost-effectiveness and lower risk of side ef-
fects, along with the ease of prescription in comparison with
benzodiazepines [13, 14]. Thus, sustaining their use as an
alternative to benzodiazepines has been corroborated [5].

Passiflora incarnata (P. incarnata) is a plant that belongs
to the Passifloraceae family used in traditional medicine for
the treatment of anxiety and sleep disorders [13]. P. incarnata
has also been investigated as an oral anxiolytic premedication
for surgeries and demonstrated reduced anxiety without in-
ducing sedation in outpatients [14]. The bark and seeds of
another Brazilian native plant, Erythrina mulungu
(E. mulungu), is used in folk medicine due to its anticonvul-
sant, analgesic, sedative, hypnotic, and hypotensive properties
[15, 16]. E. mulungu also showed an anxiolytic effect without
significant changes in the physiological parameters of adult
patients undergoing third mandibular molar surgery [8].

The safety and efficacy of herbal medicines are frequently
challenged by practitioners. Although this is an encouraging
line of research, currently, only two published randomized
clinical trials [5, 8] have reported the anxiolytic effects of P.
incarnata and E. mulungu on the extraction of impacted third
molars. Studies comparing midazolam with the two herbal
medicines are lacking. Thus, this study aimed to assess the
efficacy of E. mulungu, P. incarnata, and midazolam in con-
trolling anxiety in patients undergoing third mandibular molar
extraction.

Material and methods

Study design

This controlled, randomized, triple-blind, parallel study was
performed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Ethics Committee of
Federal University of Sergipe (protocol CAAE number
19602613.1.0000.5546) registered by ClinicalTrials.gov
(ANSI-388.427). The CONSORT (consolidated standards of
reporting trials) guidelines were followed for publication. This
study was performed at the Department of Dentistry of the
Federal University of Sergipe in Aracaju, Sergipe, Brazil.
The data was collected between July 2013 and August 2014.
The materials and methods used in the current study were
based on the clinical trials published by Dantas et al. [5] and
Silveira-Souto et al. [8].

Sample selection

The inclusion criteria were patients aged over 18 years, ab-
sence of systemic disease (ASA I), presenting asymptomatic
impacted third mandibular molars, and similar difficulties
classified as class II-B [17].

All participants were informed of both the risks and bene-
fits of the study before signing an informed consent form.
Exclusion criteria were history of pericoronitis or other
inflammatory/infectious diseases at the time of surgery; any
medication used within 15 days of study initiation, history of
hypersensitivity to drugs, substances, or materials used in this
experiment, and pregnancy or lactation.

The sample comprised 200 patients who required the ex-
traction of an impacted third mandibular molar tooth. After
anamnesis and an initial clinical examination, no patients were
excluded from the sample and were allocated for intervention
(n = 50), distributed as four groups.

Blinding and randomization

Volunteers randomly received either 15 mg of midazolam
(two 7.5-mg capsules), 500 mg of P. incarnata (two 250-mg
capsules), 500 mg of E. mulungu (two 250-mg capsules,
Matusa®), or placebo (starch, two capsules). All the capsules
were equal in size and shape and were orally administered
once 1 h before the surgical procedures. Drugs were coded
as “protocol 1,” “protocol 2,” “protocol 3,” or “protocol 4”
and administered to volunteers by one of the researchers.
Randomization was conducted by a collaborator who was
not involved in the anxiety assessment through the Random
Number Generator Pro 2.15 software.

To control postoperative edema and trismus, a single dose
of intramuscular dexamethasone (8 mg) was administered to
all the study volunteers, 30 min before surgery [5]. The pa-
tients underwent intraoral antisepsis using 0.12% chlorhexi-
dine digluconate and extraoral antisepsis using 2% chlorhex-
idine digluconate, followed by placement of surgical drapes
for delimitation of the contamination area.

Surgical procedure

Local anesthesia was induced using the Vazirani-Akinosi
mandibular nerve block technique, to ensure effective anes-
thesia of the inferior alveolar nerve block regardless of any
anatomical variations [18]. For completion of local anesthesia,
one cartridge (1.8 mL) of 2% lidocaine with epinephrine
1:100,000 and 0.9 mL of articaine (4%) with epinephrine
1:100,000 were used for the buccal nerve block [19].
Surgical procedures were performed in one session, by a sin-
gle operator, using the surgical technique previously described
[20].
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Patients were instructed regarding local hemostatic care,
feeding, cleaning the operated region, restriction of physical
exertion, and other routine recommendations. The volunteers
also received four tablets of paracetamol (750 mg) with an
instruction to consume one tablet every 6 h only when they
experienced pain.

Assessment of anxiety

The anxiety levels in the volunteers were assessed through
questionnaires and physical parameters. The procedures were
divided into three phases: phase I (baseline), phase II (day of
surgery), and phase III (return visit) [8].

Phase I—Baseline: The Modified Corah Dental Anxiety
Scale in the Portuguese language was adapted and used
during the initial consultation that occurred within 1 week
before the scheduled first intervention [21]. This scale
consisted of a questionnaire with four questions, each
with five possible answers, evaluating the feelings, signs,
and reactions of the volunteers related to dental treatment.
Each response was scored on a 5-point scale and the
patients were ultimately classified based on the total num-
ber of points as calm, moderately anxious, and very
anxious.
Phase II—The day of surgery: The anxiety level of the
subjects was classified by both the researcher and the
operator who were responsible for the surgery. The anx-
iety categories were calm, moderately anxious, and very
anxious.
Phase III—Return visit: After each surgical procedure,
the volunteers received the same Corah Dental Anxiety
Scale from baseline, to report their responses on the fol-
lowing day post-surgery.

Assessment of physical parameters

The patients remained at rest for 15 min before the first
recording of the physical parameters, following which the
blood pressure (BP) was assessed using a wrist monitor
(Techline®, São Paulo, SP, Brazil). The heart rate (HR)
and blood oxygen saturation (SpO2) were measured using
a digital pulse oximeter (More Fitness, São Paulo, SP,
Brazil). These values were recorded before drug adminis-
tration, 30 min after drug administration, and during sur-
gery at the time of local anesthesia administration, inci-
sion, tooth removal, and suturing. All measurements were
made by the same researcher with a properly calibrated
apparatus and served as baseline data for the physical pa-
rameters used to evaluate anxiety.

Sample size

A sample-based calculation indicated that 42 volunteers were
required for a 90% chance of detecting 60% of sedation effec-
tiveness (when the previous anxiety level was decreased) for
midazolam and at least 30% for the other groups at a signifi-
cance level of 5%. The overall sample comprised 200
volunteers.

Statistical analysis

The proportions of sex, previous anxiety level, and the reduc-
tion in anxiety level induced by treatment were compared
between groups by the chi-square test (or Fisher’s exact test
when necessary). Age, diastolic and systolic blood pressure,
SpO2, and heart rate were compared using the Kruskal-Wallis
(Dunn) test. The significance level was set at 5%.

Results

There were 200 volunteers, 131 women with a mean age of
24.3 (± 5.3) years and 69 men with a mean age of 25 (± 6.5)
years. No differences were noted between different age groups
(Kruskal-Wallis, p = 0.5684) and gender (chi-square, p =
0.9703).

Figure 1 presents charts a, b, and c showing the blood
pressure (BP), heart rate (HR), and oxygen saturation (SpO2)
respectively. No differences were observed in the systolic and
diastolic blood pressure, HR, or SpO2 between the groups
(Kruskal-Wallis, p > 0.05). However, the heart rate increased
(Kruskal-Wallis, p < 0.05) during anesthesia in all groups, but
decreased afterward.

Table 1 shows the distribution of patients based on the
anxiety level perceived by the operator, the investigator, and
the patient. There were no differences in the basal anxiety
levels between treatment groups (p = 0.64). The concordance
rate between the operator and investigator was 100% for mid-
azolam and E. mulungu, 98% for P. incarnata, and 96% for
placebo. The concordance rate between the investigator and
the patient was 90% for midazolam, 92% for P. incarnata,
54% for E. mulungu, and 56% for placebo. The investigator
also showed a trend of assessing the level of anxiety as “calm”
when the patient was “moderately anxious.”Meanwhile, con-
cordance rates of 90% and 94% were also observed between
the patient and operator for the midazolam and P. incarnata
groups, respectively. However, the concordance rate was sim-
ilar to that found between the investigator and the patient for
E. mulungu and placebo groups, which was 54% and 56%,
respectively.

Table 2 compares the baseline of patients’ anxiety percep-
tion with the assessed anxiety level one day after surgery.
Patients who used midazolam and P. incarnata showed lower
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(chi-square, p < 0.0001) levels of anxiety than those who used
a placebo and E. mulungu. However, there were no differ-
ences between E. mulungu and placebo (p = 0.1585) nor be-
tween midazolam and P. incarnata (p = 0.7946). Moreover,
Table 3 shows that there was a minor improvement in anxiety
when E. mulungu was used when compared with that of the
other treatments. More volunteers also reported worsened
anxiety with E. mulungu or placebo (p < 0.0001) than with
midazolam or P. incarnata. Nevertheless, there were no dif-
ferences between the groups (p = 0.31) regarding improve-
ment in anxiety.

Discussion

Oral surgery performed under local anesthesia is a routine
dental procedure, which can cause a greater increase in

anxiety levels compared with other dental procedures [22].
Anxiety triggers neurophysiological interactions causing
changes in the respiratory rate, blood pressure, and heart rate
due to the release of endogenous catecholamines [23].
Therefore, anxiety control may help maintain the stability of
these parameters and can also support dentists in the develop-
ment of oral treatments and maintenance of oral health [24].

Benzodiazepines are often used in dentistry to control anx-
iety. They act by binding to “benzodiazepine receptors” locat-
ed between the α and ɣ subunits of the GABA-A receptor and
modulate the action of GABA neurotransmitter, thus increas-
ing the frequency of chloride ion channel opening. The in-
crease of the GABA inhibitory effect on neuronal excitability
in the limbic system, thalamus, and hypothalamus causes a
decrease in anxiety [25].

Passiflora is also used as an anxiolytic, but its mechanism
of action is still under investigation. It is believed that

Fig. 1 a Systolic and diastolic blood pressure at baseline and at the different stages of surgery. b Heart rate at baseline and at the different stages of
surgery. c Oxygen saturation at baseline and at the different stages of surgery
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inhibition of the monoamine oxidase (MAO) receptor and the
activation of the GABA receptor are involved in this process
[25, 26]. MAO is responsible for degrading monoamines
(adrenaline, tyramine, dopamine, and serotonin), and thus its
inhibition increases the concentration of these monoamines in
the brain.

The mechanism of action of E. mulungu is still undefined.
However, neurochemical tests in animal models showed that
one of the main anxiolytic alkaloids present in E. mulungu
does not act on GABA pathways [16, 27]. However, an ex-
tract of Erythrina vespertilio may act on serotonergic 5HT3
receptors [27].

Despite the differences in mechanisms of action, no differ-
ences related to physical parameters were observed among the
four protocols in this study, including the placebo. The herbal
medicines studied here need further exploration. Nevertheless,

the physical parameters were similar in comparison with those
with midazolam.

The placebo group presented no detectable changes, which
is interesting, since anxiety can affect physical parameters
[23]. It may be related to the fact that in most volunteers, the
anxiety levels at the end of the procedure remained the same
as that during the initial assessment. Thus, it could influence
the maintenance of the physical parameters independent of the
effect of the medications administered. However, the placebo
effect, despite not controlling anxiety, may have influenced
the maintenance of the stability of the physical parameters.
This finding corroborates with what is in a previous study [8].

Nevertheless, there was an increase in heart rate during
anesthesia in all groups. Local anesthesia is considered to be
one of the most apprehensive procedures in dental treatment
[28–30] and could lead to a momentary worsening of the
anxiety profile. Therefore, fear and increase of anxiety can
lead to momentaneous fluctuations of endogenous catechol-
amines [28] resulting in an increase in heart rate in all groups.
However, the fluctuations did not exceed physiologically sig-
nificant values and decreased at the time of suturing, main-
taining the heart rate at an acceptable range.

The safety of sedation in dentistry is associated with main-
tenance of heart rate, blood pressure, and SpO2 saturation.
Owing to ignorance, many clinicians, mostly in developing
countries such as Brazil, do not use a minimal sedation proto-
col [31]. The baseless associated respiratory depression side
effects [6] could be a deterrence. However, in the present

Table 2 Baseline of patients’
anxiety perception and anxiety
classification on the following
day post-surgery

Phase III—return visit (subjects anxiety
perception after surgery)

Phase I—baseline

Anxiety profile (Corah) before surgery

Calm Moderately
anxious

Very
anxious

Total

Midazolam (n
= 50)

Calm 24 14 2 40

Moderately anxious 1 4 5

Very anxious 4 1 5

Total 25 22 3

Mulungu (n =
50)

Calm 12 10 4 26

Moderately anxious 9 4 3 16

Very anxious 3 3 2 8

Total 24 17 9

Passiflora (n
= 50)

Calm 28 13 1 42

Moderately anxious 1 6 1 8

Very anxious 0

Total 29 19 2

Placebo (n =
50)

Calm 11 6 1 18

Moderately anxious 14 8 1 23

Very anxious 4 2 3 9

Total 29 16 5

Table 3 Changes in the anxiety profile according to the treatment
administered

Did not change Improve Worsened

Midazolam 29 16 5

Mulungu 18 17 15

Passiflora 34 15 1

Placebo 22 8 20
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study, none of the medications used caused a considerable
decrease in the SpO2 saturation levels, showing that they did
not differ from the placebo. Similar findings were reported
earlier when comparisons were made between Passiflora
and midazolam or E. mulungu and placebo [5, 8].

Although all protocols in this study were safe, based on the
examined vital signs, there were differences in the sedation
efficacy between the groups. These results confirmed the ef-
fect of midazolam and Passiflora to control anxiety in third
molar extractions, unlike E. mulungu. Thus, our results do not
corroborate the success of E. mulungu in this procedure [8]
since it did not differ from that of the placebo.

Our results were obtained and evaluated for uniformity of
opinion between the patient, researcher, and operator.
Midazolam was associated with better levels of anxiety and
a better reduction in the level from the first evaluation to the
last, with Passiflora showing similar results. Moreover, they
were different from the results in the placebo group, which
was not the case in the mulungu group. This was in disagree-
ment with the finding reported by Silveira-Souto et al. [8].

Our results can be justified as the mechanism of action of
Passiflora is possibly similar to that of benzodiazepines,
which acts by modulating the GABA system [32]. However,
the mechanism of action of mulungu is complex owing to the
multiple alkaloid components and is not directly related to the
GABA system alone. Additionally, its alkaloids have anticon-
vulsant activity, with mild anxiolytic activity [16]. Thus, the
anxiolytic effect of Passiflora and the lesser anxiolytic effect
of mulungu in this study are justified.

The study design could also contrast the previous results of
mulungu reported in the literature [8]. Although it was a cross-
over study in which the patients received both mulungu and
placebo, the patients were compared based on the effects of
mulungu and placebo, which could have led to exacerbated
differences. This type of misconception can be related to the
placebo used as a control group when effective drugs are
already available. Otherwise, it can be configured as an α
error, related to a small sample size.

Considering the present study and previous literature re-
sults [5], Passiflora is a promising herbal anxiolytic medicine
that can be used in dentistry. Moreover, in countries like
Brazil, there are governmental guidelines on prescribing ben-
zodiazepines and its prescription is controlled by a national
organization, making its dental use difficult. Additionally, the
search for herbal medicines treatments is growing. If herbal
medicines are further explored and well established in the
literature, dentists can offer individualized safe treatments to
patients. Therefore, further studies on herbal medicines can
also help controlling anxiety when benzodiazepines cannot
be prescribed by professionals.

This study found promising results as it demonstrated that
an herbal medicine, Passiflora incarnata, achieved sedation
levels similar to the standard protocol with midazolam, a

benzodiazepine. However, as is the case in scientific research,
it also raised a few questions. One of the questions or limita-
tions of this study was that the incidence of anterograde am-
nesia and other side effects were not assessed. Future trials
should also be conducted to explore the pharmacokinetic
properties of the herbal medicines studied here. Future clinical
trials may establish greater safety and characterize the use of
these drugs for minimal sedation in dental care procedures.

Conclusion

P. incarnata proved to be an option for controlling anxiety in
third molar extraction surgeries. It showed a similar effect to mid-
azolam and differed from placebo and mulungu, which could not
control anxiety. Therefore, similar tomidazolam,Passiflora has an
anxiolytic effect that can be used in third molar extractions.
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