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outpatients were randomly allocated to either lavender syrup
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evaluated once a week for 3 weeks.

ég’\\;"gfjlsé Results: Out of 84 participants, 81 were analyzed (41 in the add-
Cough on group). The comparison between groups for cough severity and
Herbal medicine anosmia showed a higher reduction in the lavender group. The
Lavandula angustifolia effect size was 0.6 for cough relief. Other symptoms and the
Persian medicine Hamilton total score decreased in both groups with no statistically

significant differences between the groups. The lavender group
showed greater patients’ satisfaction score.

Conclusion: Adjunctive therapy with lavender syrup could reduce
cough and improve the quality of life in patients with COVID-
19 patients.
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Introduction

The COVID-19 pandemic led to a
global health problem at the beginning of
2020 (Kannan et al., 2020; Shah et al.,
2020; Tabata et al., 2020; Xia et al., 2021).
COVID-19 initially and mainly transmits
through the upper respiratory tract, which
induces severe acute respiratory syndrome.
Additionally, previous reports of COVID-
19 introduced fever, cough, and dyspnea,
as the most common clinical symptoms in
people who were infected with COVID-19
(Kannan et al., 2020; Shah et al., 2020; Xia
et al., 2021). Because there is a massive
increase in confirmed or highly-suspicious
COVID-19 cases, it is crucial to adopt an
adjuvant approach with the aim of
improving the disease prognosis and
supporting the already overstretched health
care system for the management of
COVID-19.

Herbal medicines are widely used in
many traditional systems for the
management of various diseases (Yang,
2020). These herbal medicines might be of
great importance, especially when the
currently used anti-viral and other
supporting drugs do not offer any
significant relief to COVID-19 patients
(Cao et al., 2020; Ferner and Aronson,
2020) and hence, the use of potential
active traditional herbal medicines might
be a promising candidate that should be
tested at least to prevent and control
COVID-19 symptoms in mild-to-moderate
COVID-19 patients (Yang, 2020).

Three herbal patents and clinical trials
were approved that traditional herbal
medicine attenuated the most common
COVID-19 symptoms, including fever,
cough, and fatigue, and reduced severe
conditions of patients (Karimi et al., 2021;
Tavakoli et al., 2022).

Persian medicine which is popularly
known as Unani medicine in India, Sri
Lanka, Bangladesh, and some other
countries, is an ancient system of
medicine, which mainly uses plant-based
medicines. Among these plant-based
ancient formulations, some studies have

reported the beneficial effects of
“Ostukhudus” (Lavandula angustifolia L.)
of the family Lamiaceae on cold, asthma,
bronchitis, chest pain, shortness of breath
and cough, along with its antioxidant and
anti-inflammatory properties (Almohawes
and Alruhaimi, 2019; Anushiravani et al.,
2018; Ezzoubi et al., 2014; Ké&hler et al.,
2019; Khorasani, 2012). In addition, a
double-blind randomized clinical trial on
adult patients with acute bronchitis showed
that oral administration of lavender
essential oil capsule (2 capsules/3
times/day, for 10 days) can ameliorate the
bronchitis severity score compared with
the placebo group and improve additional
signs (including cough, sputum
production, rales/rhonchi, chest pain
during coughing, dyspnea, and patient’s
satisfaction) (Kéhler et al., 2019).

Because of several years history of use
of this medicinal herb and its safety and
efficacy (Kahler et al., 2019), we designed
an open-labeled, randomized controlled
study to investigate the effect of lavender
(L. angustifolia) syrup combined with
conventional medicine on improving the
severity of cough and clinical symptoms in
patients with COVID-19.

Materials and Methods
Study design

We conducted an open-label
randomized controlled trial on COVID-19
patients from July 2020 to September
2020. Patients with COVID-19 who were
admitted to the Gonbad-E-Kavoos Health
center, Golestan University of Medical
Sciences, Iran, participated in the trial.

Study population

Highly probable patients of COVID-19
between 18 and 65 years of age having
fever>38°C, oxygen saturation, or a feeling
of hot flashes or one of the main clinical
symptoms of dry cough, headache,
malaise, weakness, lethargy, anosmia
(olfactory disorder) or taste disturbance,
anorexia, and candidate for outpatient
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treatment entered into the trial. Exclusion
criteria were having respiratory distress,
pregnancy or lactation, smoking, use of
other herbal medicines to control the
symptoms of the disease, sensitivity to
lavender, or need for hospitalization.

Ethics

The trial has been approved by the
Ethics Committee of Golestan University
of Medical Sciences
(IR.GOUMS.REC.1399.025) and
registered in Iranian Registry for Clinical
Trials (IRCT20110907007511N4). All
patients signed the written informed
consent to participate in the trial.

Formulation of the syrup
Lavender syrup preparation

Based on “Makhzan al-Advieh” (the
Storehouse of Medicaments), a Persian
medicine book, it was found that L.
angustifolia has been recommended for
symptoms that resemble those of COVID-
19 (Aghili, 2009). This book is an
authoritative  Persian and traditional
encyclopedia on medical materials (Karimi
et al.,, 2021). In addition, symptoms of
COVID-19 infection match with the
Iranian  traditional medicine General
Ontology (Naghizadeh et al., 2021)
knowledge base (http://ir-go.net). Finally,
by searching its mechanism of action in
articles and in combination with Persian
medicine, the lavender syrup was prepared
to be evaluated in this study.

The samples of cultivated L.
angustifolia aerial parts were purchased
from the local medicinal plants market,
Karaj, Iran. In the next step, the plant was
identified and deposited under the
herbarium  number  (PMP-2327) Dby
botanists at the Herbarium of Faculty of
Pharmacy, Tehran University of Medical
Sciences.

For preparation of syrup, aerial parts of
lavender (100 g) were washed and dried at
room temperature and a powder was made
using a grinder. The powder was then
macerated with aqueous ethanol to obtain

the plant extract. The solvent was
evaporated in a rotary evaporator under
reduced pressure at 40°C. From the
obtained dry extract, the syrup was
prepared according to the USP syrup-
making guideline. The prepared syrup was
poured into 120 ml sterile jars, sealed, and
sterilized in an autoclave. Microbial
control was also performed.

Standardization based on rosmarinic
acid via HPLC

An HPLC (high-performance liquid
chromatography) method was carried out
to standardize the syrup based on the
content of rosmarinic acid as a main
secondary metabolite in the lavender
extract.

A C18 packed column (Eclipse —XBD,
25 cm x4.6 cm x5 um) with a Knauer-
K1001 pump was used for the separation
and the column was thermostated at
20+1°C. The mobile phase was used as the
gradient elution with A and B solvents (A:
phosphoric acid, acetonitrile, and water
(1:19:80 V/VIV); B: phosphoric acid,
methanol, and acetonitrile  (1:40:59
VIVIV)) at a flow rate of 1.2 ml/min as
reported in Table 1. The UV/Vis detector
(Knauer- UV K250) was set at 330 nm
(Amax=330).

Table 1. Gradient profile

Time (min) Mobile phase A Mobile phase B
(VIV) (%) (VIV) (%)

0-20 100——»55 0——p45

20-25 55— 50 45——5100

Clinical evaluation
Sample size

To achieve a power of 80%, a = 0.05
and assuming a 10% loss to follow-up, a
sample size of 42 patients was calculated.
The block randomization method was used
to allocate the patients into two groups. All
possible forms of blocks containing four
interventions (A, A, B, and B) were
specified and then selected randomly using
the Table of randomized numbers. Finally,
a random list consisting of participants’

AJP, Vol. 13, No. 4, Jul-Aug 2023 402


http://ir-go.net/

Lavender syrup impact in COVID-19 patients

numbers and their assigned intervention
was created.

Intervention

In the intervention group, the
participants received 9 ml of lavender
syrup twice a day (18 ml daily) plus
standard interventions and the control
group patients received only the standard
interventions based on the Iranian Ministry
of Health and Medical Education's
protocol (2020) such as Chloroquine
phosphate/Hydroxychloroquine,
Lopinavir/Ritonavir, Atazanavir/Ritonanir
(Rahmanzade, 2020), for 21 days. The
patients were followed up six times as
follows: at the beginning of the study,
during a face-to-face visit, 7, 14, 21, and
finally 28 days after entering the study
through telephone, respectively.

Outcome

The primary outcome was improvement
(recovery rate) of clinical symptoms of
COVID-19 after 21 days of intervention.
Definition of the recovery rate of clinical
symptoms was lack or the lowest
frequency of COVID-19 symptoms. The
secondary outcomes were patient’s
satisfaction and anxiety.

These  outcomes and  patients’
satisfaction were evaluated by a self-
assessment questionnaire based on the
Visual Analogue Scale (VAS), which
consisted of 15 questions and the response
of each question was scored from zero to
ten. In addition, anxiety levels were
measured by the Hamilton questionnaire
which had 14 questions and the score of
each question was assessed with 0-4
points. Safety and possible side effects of
the lavender syrup were evaluated at each
time of visit or telephone follow-up
according to Common Terminology
Criteria for Adverse Events (CTCAE)
version 5.0. 2017.

Statistical methods
The data were analyzed with SPSS
software (Version 17). The normal

distribution of variables was confirmed by
Kolmogorov-Smirnov test. The
meanzstandard deviation (SD) or a
number and frequency percentage were
employed to describe the wvariables.
Comparison of qualitative variables
between the groups was done using the
Chi-square  or  Fisher exact test.
Quantitative variables were compared
between the groups using t-test or Mann-
Whitney U test. The time effect was
assessed by the Friedman test.

Results
HPLC analysis

Figure 1 shows the HPLC chromatogram
of the lavender extract based on rosmarinic
acid with a retention time of 11.97 min.
Additionally, the rosmarinic acid amount
in the syrup was 2.38 pg/mg according to
the calibration curve.

Baseline characteristics

As shown in the CONSORT flow
diagram (Figure 2), between July and
September, 2020; 179 participants were
screened,  ninety-five  people  were
excluded from the study because 4
withdrew consent and 91 people did not
meet the inclusion criteria. Finally, 84
participants were included and were
randomly allocated to the lavender syrup
plus conventional treatment interventions
(n=44) or conventional treatment
interventions only (Control group, n=40).
Three  participants  withdrew  from
continuing lavender syrup before week 2
(reluctance to continue treatment, no side
effects). The participants were aged 18-65
years, and 29 (70.9%) in the Lavender
syrup group were male (Table 2). All
participants were from east Golestan,
Gonbad-E-Kavoos, Iran. The PCR test of
59 participants was positive (31 and 28
patients in lavender and control groups,
respectively). Regarding the frequency of
symptoms on the day of observation,
fatigue and cough were the most common
clinical signs, 74 (91%) participants had
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(Table 3).
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Figure 1. Reversed-phase HPLC analysis of the lavender extract and rosmarinic acid at 330 nm

Assessed for eligibility
(n=179)

Excluded (n=95)

+#Not meeting inclusion criteria (n=91)
#Declined to participate (n=4)

Entered the study
(n=84)

'

A

(n=44)

Allocated to Lavender syrup plus
conventional treatment intervention

!

Lost of follow-up (n=3)

Continued intervention (n=41)

Reasons: reluctance to continue treatment

First Follow-Up

v

Lost of follow-up (n=0)

4 weeks of follow-up after intervention
(n=41)

Analyzed (n=41)
+ Excluded from analysis (n=0)

A

Allocated to conventional
treatment intervention (n=40)

I

Lost of follow-up (n=0)

Continued intervention (n=40)

'

Lost of follow-up (n=0)

4 weeks of follow-up after intervention
(n=40)

Analyzed (n=40)
+ Excluded from analysis (n=0)

Figure 2. CONSORT flowchart of the study
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Table 2. Baseline characteristics of the patients with COVID-19

Lavender syrup group Control group p-value
Age (years) (mean+SD) 36.7£9.75 39.07+11.03 0.309
Sex N (%0) 29 (70.9) Male 16 (40) Male 0.007
12 (29.3) Female 24 (60) Female
BMI (mean+SD) 26+4.22 27.44+4.6 0.146
Onset of disease (day) 7(5) 6(3) 0.126
Median (IQR)
*Other diseases N (%) 4(10.3) 8(20.5) 0.347
Temperature (°C) (mean+SD) 36.55+0.29 36.53+0.28 0.774
O, saturation (%) (meanSD) 97.92+1.42 97.87+1.36 0.867
RR (meanzSD) 17.61+0.78 17.90+0.63 0.079
PR (meanzSD) 87.87+11.3 89.37+15.1 0.616

RR: Respiratory rate (number/minute); PR: Pulse rate (beat/min); SD=standard

deviation; BMI: Body mass index. IQR: interquartile range. #: Such as diabetes

mellitus, cardiovascular diseases,

Hyperthyroidism, etc...

respiratory  diseases,

Hypothyroidism,

Table 3. The frequency of the symptoms in the study sample.

Symptoms N (%)
Fatigue 74 (91)
Cough 66 (81)
Malaise 62 (76)
Headache 62 (76)
Dyspnea 46 (56)
Anorexia 54 (66)
Chill 34 (42)
Sore throat 52 (64)
Chest pain 46 (57)
Anosmia/hyposmia 43 (53)
Ageusia 39 (48)
Diarrhea 33 (41)
Vomiting 35 (43)
Dizziness 52 (64)
Abdominal pain 35 (43)

Efficacy of the treatment
Primary endpoint

All symptoms decreased in both groups
with no statistically significant differences
between the groups except for cough and
anosmia (Table 4).

Of the 66 patients who had cough at
baseline, cough severity was decreased in
the lavender group more than the control
group (p=0.02). The effect size was 0.6 for
cough relief. Changes in the severity of
cough were statistically higher in the
lavender group than the controls at week 2
and 3 (p=0.036 and p=0.012, respectively).
In addition, the 2nd and 4™ weeks of
follow-up (week 5 and week 7 of study)

after a 2l1-day treatment showed a
reduction of the cough severity VAS score
(Figure 3 and Table 4).

Of the 43 patients who had anosmia at
baseline, the severity of anosmia decreased
in the lavender syrup group more than the
control (6.6£2.93 VS. 4.3+4.07,
respectively) (p=0.043). The ageusia and
other clinical symptoms in the lavender
group were improved more than the
control group within 3 weeks of the
treatment period, but they were not
statistically significant. However, larger
RCTs are needed to obtain more robust
results.
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Table 4. The symptom severity of COVID-19 patients in both groups

Symptoms Group N  Baseline Week 1 Week 2 Week 3 p value* Changes¥ p-value**
Mean (SD) Mean (SD) Mean (SD)  Mean (SD)

Cough 1.00 36 3.86(2.23) 1.13(1.86) 0.72(1.71) 0.27(0.84)  <0.001 3.63(2.3) 0.024
2.00 30 3.33(1.78) 2(2.25) 1.23(2.09) 0.83(1.23)  <0.001 2.5(1.54)

Dyspnea 1.00 23 2.07(2.57) 1(1.61) 052(1.17)  04(1.19) <0001  167(2.76)  0.992
2.00 23 2.07(2.38) 0.92(1.56) 0.87(1.64) 0.38(1.09)  <0.001 1.69(2.33)

Chill 1.00 19 2.07(2.9) 0.14(0.69)  0.24(0.91)  0.12(0.55) <0.001  1.95(3.04)  0.506
2.00 15 1.53(2.57) 0.3(1.1) 0.3(1.36) 0.05(0.32)  <0.001 1.48(2.54)

Malaise 1.00 31 3.87(3.27) 0.74(1.48)  0.38(1.18)  0.25(1.2)  <0.001  3.61(322)  0.828
2.00 31 3.85(3.45) 1.42(2.24) 1.17(2.59) 0.4(1.19) <0.001 3.4(3.35)

Fatigue 1.00 39 5.62(3.04) 1.92(2.48)  0.87(1.65)  0.48(1.33) <0.001  5.15(2.88)  0.246
2.00 35 5.05(3.5) 2.57(2.86) 1.42(2.33) 0.67(1.73)  <0.001 4.37(3.54)

Diarrhea 1.00 17 1.32(2.09) 0.47(1.3) 0.35(1.54) 0(0) <0.001 1.32(2.09) 0.635
2.00 16 1.37(2.3) 0.66(2.18) 0.17(1.12) 0.17(0.72)  <0.001 1.2(2.51)

Vomiting 1.00 20 1.87(2.55) 0.56(1.41) 0.35(1.38) 0(0) <0.001 1.87(2.55) 0.369
2.00 15 1.6(2.86) 0.62(1.65) 0.25(1.19) 0(0) <0.001 1.61(2.86)

Dizziness 1.00 25 3.12(3.02) 1.07(2.06) 0.8(1.82) 0.17(0.76)  <0.001 2.95(3.08) 0.633
2.00 27 3.02(3.26) 1.02(2.31) 0.75(1.85) 0.45(1.29)  <0.001 2.57(3.22)

Abdominal 1.00 17 1.67(2.52) 0.37(0.89) 0.17(0.84) 0.17(0.78)  <0.001 1.5(2.72) 0.697

pain 2.00 18 2.1(2.86) 1(2.04) 0.15(0.67)  0.26(1.15) <0001  1.84(2.88)

Headache 1.00 32 3.85(3.25) 1.07(2.08) 0.9(2.09) 0.35(1.12)  <0.001 3.5(3.28) 0.635
2.00 30 4.07(3.49) 1.87(3.06) 0.69(1.79) 0.17(0.68)  <0.001 3.89(3.31)

Sore throat 1.00 28  3.46(3.24) 0.75(1.28) 0.12(0.55) 0.09(0.43)  <0.001 3.36(3.17) 0.132
2.00 24 2.47(2.94) 057(1.72)  0.37(1.33)  0.15(0.57) <0.001  2.32(3.01)

Anorexia 1.00 27 3.5(3.19) 1.55(2.48) 0.7(1.78) 0.15(0.8) <0.001 3.35(3.23) 0.144
2.00 27 3.25(3.41) 1.38(2.4) 0.84(2.19) 0.2(0.86) <0.001 3.05(3.42)

Chest pain 1.00 22 2.41(2.79) 0.64(1.4) 0.35(1.01) 0.46(1.46)  <0.001 1.9(2.65) 0.653
2.00 24 2.65(3.12) 1.15(2.16)  0.9(2.38) 0.42(1.15) <0.001  2.22(3.04)

Anosmia 1.00 23 6.86(3.04) 3.43(3.67) 2.26(3.55) 0.26(0.86)  <0.001 6.6(2.93) 0.036
2.00 20 5.3(3.45) 221(243)  1.65(3.24)  1(3.24) <0001  4.3(4.07)

Ageusia 1.00 21  6.04(3.18) 3.23(3.36) 2.23(3.53) 0(0) <0.001 5.5(3.5) 0.082
2.00 18  4.5(3.41) 1.77(2.34) 0.83(2.17) 0.61(1.91)  <0.001 3.5(4.07)

Group 1=Lavender syrup and group 2= control; *: Friedman test; **: Changes from baseline to week 3; ***: Mann-
Whitney U test

—e—Lavender syrup

- -Control

Cough (VAS score)
»)

1

Figure 3. Cough severity
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Secondary outcomes

The Hamilton total score was decreased
in both groups after 3 weeks and there was
no significant difference between the
groups at baseline and the end of the
treatment period (Table 5).

Finally, patients’ satisfaction score in
the Lavender group (7.74+2.42) was
greater than the control (6.87+2.19) at the
end of the observation period (p=0.043).

Two and four weeks after the intervention
(follow-up  period), there was no
significant difference between the groups
in terms of severity of symptoms.

Safety of the treatment

There were no complications or adverse
events related to lavender syrup during the
study.

Table 5. Total Hamilton questionnaire scores before and after 3 weeks of the

intervention

Group Mean SD p-value
Sum Hamilton-before 1 13.8378 8.732170 0.57

2 15.5405 10.13409
Sum Hamilton-after 1 3.10000 6.792910 0.35

2 2.65790 5.189780

SD: standard deviation. Group 1=Lavender syrup and group 2= control

Discussion
This single-center open-labeled,
randomized, controlled clinical trial

describes the efficacy of lavender syrup
against the cough of patients with COVID-
19. All clinical features of participants
with COVID-19 were diminished in both
the control and lavender groups.
Furthermore, the lavender syrup caused a
robust reduction in cough compared with
the control group during the 21-day
treatment. Also, the improvement of
anosmia was higher in the lavender group
than in the control group.

COVID-19 is  associated  with
symptoms such as fever, severe
pneumonia, olfactory and gustatory
dysfunction, and acute cardiac injury
(Delgado-Roche and  Mesta, 2020;
Hajikhani et al., 2020). After entry into the
host cells, COVID-19 may cause damage
through inflammation and reactive oxygen
species (ROS) production.  Airway
inflammation causes oxidative stress and
ROS, which are noxious stimuli and
threaten airway function (Taylor—Clark,
2015). Therefore, oxidative stress may
activate sensory nerves to trigger cough.
Notably, the lung is easily affected by

exogenous ROS because of its anatomy,
function, and location, which can result in
lung diseases (Chamitava et al., 2020). It
has been demonstrated that high levels of
cytokines and chemokines in COVID-19
patients, indicate a cytokine storm leading
to severe tissue damage and organ failure
(Huang et al., 2020). Viral infections in
the airways induce ROS formation that
causes cellular damage and ensuing
inflammation (Komaravelli and Casola,
2014). The crosstalk between
inflammation and oxidative stress has been
established (Sies, 2015).

Moreover, phytochemical analysis of
the Lavander species showed that they
have many potential secondary
metabolites, such as phenolic acids,
flavonoids, coumarins, diterpenes,
triterpenes, and tannins. Likewise, it has
been reported that lavender is an effective
herbal medicine in treating headache,
inflammation, stress, and oxidative stress.
Thus, the lavender extracts display their
antioxidant and anti-inflammatory
activities due to their rich content of
phenolic compounds such as rosmarinic
acid (Kashani et al., 2011; Hawryt et al.,
2019).
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In a previous report from this trial, we
reported the beneficial effect of lavender
syrup (n=23) on olfactory dysfunction.
Besides, we also mentioned the safety of
the lavender syrup as it caused no side
effects (Hashem-Dabaghian et al., 2022).

A previous animal study on asthma
indicated that oral administration of
Lavandula dentata extract (300 mg/kg) in
guinea pigs showed a significant reduction
of IgE, triglycerides, total cholesterol,
glucose levels in serum and exerted
antioxidant activity by reducing ROS,
malondialdehyde (MDA) and increasing
glutathione (GSH) levels in lungs after the
21-day treatment. They showed that
lavender suppressed asthma and airway
inflammation as well as alteration of
antioxidant defense through its antioxidant
activity  (Almohawes and Alruhaimi,
2019).

It is well known that rosmarinic acid
has anti-inflammatory, anti-allergenic,
anti-viral, antimicrobial, cardioprotective,
immunomodulatory and antioxidant effects
(Liang et al., 2020; Costa et al., 2012;
Liang et al., 2016). Likewise, rosmarinic
acid significantly blunted
inflammation/oxidation stress-induced
lung injury via upregulation Cu/Zn
superoxide anion dismutase (SOD),
plasmatic glutathione peroxidase (GPx),
and catalase (CAT) activities along with
down-regulation of NADPH oxidase 2 and
4 (NOX-2 and NOX-4) expression, which
led to the suppression of T helper 1/2
(Th1/Th2) cytokine, interferon gamma
(IFN-y), interleukin 4 (IL-4), IL-5, and IL-
13 in lung tissues (Liang et al., 2020).
Costa et al. showed the
immunomodulatory potential of rosmarinic
acid which was mediated by reducing the
number of leukocytes/eosinophils,
eosinophil peroxidase activity, respiratory
tract, and IL-4 in a murine model of
respiratory allergy (Costa et al., 2012).
Additionally, rosmarinic acid exerted anti-
inflammatory and anti-asthmatic properties
by inhibiting inflammatory cytokines
including nuclear factor-xB (NF-kB) and

ERK/JNK/p38 as  mitogen-activated
protein kinase (MAPK) family and acidic
mammalian chitinase (AMCase),
CCL11(eotaxin), CCR3, Ym2 and E-
selectin in a murine model of asthma
(Liang et al., 2016).

Moreover, it is known that hypertension
and cardiac dysfunction are the most
important complications in patients with
COVID-19. These comorbidities occur via
using angiotensin-converting enzyme 2
receptor (ACE-2) and transmembrane
Serine Protease 2 (TMPRSS-2) receptors
by SARS-CoV-2 for cellular entry (Nasiri
et al., 2020). Thus, one of the reasons for
these comorbidities is low levels of ACE-2
receptors along with an increase in renal
potassium excretion and sodium retention,
which lead to hypokalemia and
hypernatremia (Beck, 2020). Furthermore,
inhibition of ACE caused an increase in
bradykinin levels and bronchoconstriction,
which induced cough, a common symptom
seen in COVID-19 patients (Al-Shamlan
and EIl-Hashim, 2019; Mahmoudpour et
al.,, 2013). Interestingly, in this study,
lavender improved cough, and olfactory
and gustatory dysfunction compared with
the control group, and hence we believe
lavender may be effective
(directly/indirectly) in COVID-19 cardiac
dysfunction via suppressing cough and
regulating the interplay between ACE-2
and bradykinin.

Moreover, the results of our study
suggest the potential of lavender as a
complementary therapy against most of
clinical symptoms of COVID-19 and may
be administered to hospitalized patients to
achieve more efficient.

This study had the following
limitations: Due to open-label design of
the study (owing to pandemic conditions)
and the small sample size, the power of the
present study might be lower than that to
detect any differences between the groups
for the secondary outcome variables.
Another major limitation of our study was
that we could not perform RT-PCR testing
of all enrolled participants due to the
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prevailing situation. Moreover, laboratory
tests were not obtained for patients, and
thus we could not determine antioxidant
and inflammatory changes before and after
the observation.

The findings of the present study may
highlight the efficacy of lavender syrup as
an adjunct to standard care in providing
the symptomatic improvement of COVID-
19. The severity of cough in these patients
was significantly ameliorated by lavender
syrup.  However, considering  the
limitations of this study, we emphasize the
preliminary nature of the present findings,
which necessitates further clinical trials
with larger population size and considering
solid outcomes related to COVID-19
mortality. Such data is required to generate
more reliable evidence of the efficacy of
lavender syrup in improving the severity of
COVID-19.

Acknowledgment

This trial has been supported by
Golestan University of Medical Sciences,
Gorgan, lIran (Grant no. 57-111571,
IR.GOUMS.REC.1399.025). We thank Dr.
Nahid Jafari (Head of the Golestan
province health center and deputy) for her
role in this study and the independent data
safety and monitoring. Moreover, we
would like to acknowledge the Gonbad-E-
Kavoos Health center for cooperation
during the study.

Conflicts of interest
The authors have declared that there is
no conflict of interest.

References

Aghili M. 2009. Makhzan-al-Advieh, Tehran
University of Medical Sciences: Rah-e
Kamal, Tehran, Iran.

Almohawes Z, Alruhaimi H. 2019. Effect of
Lavandula dentata extract on ovalbumin-
induced asthma in male guinea pigs. Braz
J Biol, 80: 87-96.

Al-Shamlan F, El-Hashim AZ. 2019.
Bradykinin sensitizes the cough reflex via
a B 2 receptor dependent activation of

TRPV1 and TRPAL1 channels through
metabolites of cyclooxygenase and 12-
lipoxygenase. Respir Res, 20: 110.

Anushiravani M, Bakhshaee M, Taghipour A,
Mehri MR. 2018. Comparison of the
therapeutic effect of the Persian Medicine
Protocol with the common treatment of
chronic rhinosinusitis: a randomized
clinical trial. Electron Physician, 10:
7017-7027.

Beck KR, Thompson 1lIl GR, Odermatt A.
2020. Drug-induced endocrine blood
pressure elevation. Pharmacol Res, 154:
104311.

Cao B, Wang Y, Wen D, Liu W, Wang J, Fan
G, Ruan L, Song B, Cai Y, Wei M, Li X.
2020. A trial of lopinavir—ritonavir in
adults hospitalized with severe Covid-19.
N Engl J Med, 382: 1787-1799.

Chamitava L, Cazzoletti L, Ferrari M, Garcia-
Larsen V, Jalil A, Degan P, Fois AG,
Zinellu E, Fois SS, Fratta Pasini AM,
Nicolis M, Olivieri M, Corsico A, Bono
R, Pirina P, Zanolin ME. 2020.
Biomarkers of oxidative stress and
inflammation in chronic airway diseases.
Int J Mol Sci, 21: 4339.

Costa RS, Carneiro TC, Cerqueira-Lima AT,
Queiroz NV, Alcantara-Neves NM,
Pontes-de-Carvalho LC, Velozo Eda S,
Oliveira EJ, Figueiredo CA. 2012
Ocimum  gratissimum  Linn.  and
rosmarinic acid, attenuate eosinophilic
airway inflammation in an experimental
model of respiratory allergy to Blomia
tropicalis. Int Immunopharmacol, 13:
126-134.

Delgado-Roche L, Mesta F. 2020. Oxidative
stress as key player in severe acute
respiratory syndrome coronavirus (SARS-
CoV) infection. Arch Med Res, 51: 384-
387.

Ezzoubi Y, Bousta D, Lachkar M, Farah A.
2014. Antioxidant and anti-inflammatory
properties of ethanolic extract of
Lavandula stoechas L. from Taounate
region in Morocco. Int J Phytopharm, 5:
21-26.

Ferner RE, Aronson JK. 2020. Chloroquine
and hydroxychloroquine in covid-19.
BMJ, 369: m1432.

Hajikhani B, Calcagno T, Nasiri MJ, Jamshidi
P, Dadashi M, Goudarzi M, Eshraghi AA,
FACS, Mirsaeidi M. 2020. Olfactory and
gustatory dysfunction in COVID-19

AJP, Vol. 13, No. 4, Jul-Aug 2023 409



Qaraaty et al.

patients: A meta-analysis study. Physiol
Rep, 8: e14578.

Hashem-Dabaghian F, Azimi SA, Bahrami M,
Latifi S-A, Enayati A, Qaraaty M. 2022.
Effect of Lavender (Lavandula
angustifolia L.) syrup on olfactory
dysfunction in COVID-19 infection: A
pilot controlled clinical trial. Avicenna J
Phytomed, 12: 1-7.

Hawryt A, Hawryl M, Waksmundzka-Hajnos
M. 2019. Liquid chromatography
fingerprint analysis and antioxidant
activity of selected lavender species with
chemometric calculations. PloS One, 14:
e0218974.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu
Y, Zhang L, Fan G, Xu J, Gu X, Cheng Z.
2020. Clinical features of patients
infected with 2019 novel coronavirus in
Wuhan, China. The lancet, 395: 497-506.

Kahler C, Derezinski T, Bocian-Sobkowska J,
Keckeis A, Zacke G. 2019. Spicae
aetheroleum in uncomplicated acute
bronchitis; a double-blind, randomised
clinical trial. Wien Med Wochenschr,
169: 137-148.

Kannan S, Ali PSS, Sheeza A, Hemalatha K.
2020. COVID-19 (Novel Coronavirus
2019)-recent trends. Eur Rev Med
Pharmacol Sci, 24: 2006-2011.

Karimi M, Zarei A, Soleymani S,
Jamalimoghadamsiahkali S, Asadi A,
Shati M, Jafari M, Rezadoost H,
Kordafshar G, Naghizadeh A, Mardi R.
2021. Efficacy of Persian medicine herbal
formulations (capsules and decoction)
compared to standard care in patients with
COVID-19, a multicenter open-labeled,
randomized, controlled clinical trial.
Phytother Res, 35: 6295-6309.

Kashani MS, Tavirani MR, Talaei SA, Salami
M. 2011. Aqueous extract of lavender
(Lavandula angustifolia) improves the
spatial performance of a rat model of
Alzheimer’s disease. Neurosci Bull, 27:
99-106.

Komaravelli N, Casola A. 2014. Respiratory
viral infections and subversion of cellular
antioxidant defenses. J
Pharmacogenomics Pharmacoproteomics,
5: 1000141.

Liang Z, Wu L, Deng X, Liang Q, Xu Y, Deng
R, Lv L, Ji M, Hao Z, He J. 2020. The
antioxidant rosmarinic acid ameliorates
oxidative lung damage in experimental

allergic asthma via modulation of
NADPH oxidases and antioxidant
enzymes. Inflammation, 43: 1902-1912.

Liang Z, Xu Y, Wen X, Nie H, Hu T, Yang X,
Chu X, Yang J, Deng X, He J. 2016.
Rosmarinic acid attenuates  airway
inflammation and hyperresponsiveness in
a murine model of asthma. Molecules, 21:
769.

Mahmoudpour SH, Leusink M, Putten Lvd,
Terreehorst |, Asselbergs FW, De Boer A,
Maitland-Van Der Zee AH. 2013.
Pharmacogenetics of ACE inhibitor-
induced angioedema and cough: a
systematic review and meta-analysis.
Pharmacogenomics, 14: 249-260.

Naghizadeh A, Salamat M, Hamzeian D,
Akbari S, Rezaeizadeh H, Vaghasloo
MA, Karbalaei R, Mirzaie M, Karimi M,
Jafari M. 2021. IrGO: Iranian traditional
medicine  General Ontology and
knowledge base. J Biomed Semantics, 12:
9.

Nasiri MJ, Haddadi S, Tahvildari A, Farsi Y,
Arbabi M, Hasanzadeh S, Jamshidi P,
Murthi M, Mirsaeidi M. 2020. COVID-19
clinical characteristics, and sex-specific
risk of mortality: systematic review and
meta-analysis. Front Med (Lausanne), 7:
459,

Rahmanzade R, Rahmanzadeh R, Hashemian
SM, Tabarsi P. 2020. Iran's approach to
COVID-19: evolving treatment protocols
and ongoing clinical trials. Front Public
Health, 8: 551889.

Shah SJ, Barish PN, Prasad PA, Kistler A,
Neff N, Kamm J, Li LM, Chiu CY, Babik
JM, Fang MC, Abe-Jones Y, Alipanah N,
Alvarez FN, Botvinnik OB, Castaneda G,
Dadasovich RM, Davis J, Deng X, DeRisi
JL, Detweiler AM, Federman S,
Haliburton J, Hao S, Kerkhoff AD,
Kumar GR, Malcolm KB, Mann SA,
Martinez S, Mary RK, Mick E,
Mwakibete L, Najafi N, Peluso MJ,
Phelps M, Pisco AO, Ratnasiri K, Rubio
LA, Sellas A, Sherwood KD, Sheu J,
Spottiswoode N, Tan M, Yu G,
Kangelaris KN, Langelier C. 2020.
Clinical  features, diagnostics, and
outcomes of patients presenting with
acute respiratory illness: A retrospective
cohort study of patients with and without
COVID-19. EClinicalMedicine,  27:
100518.

AJP, Vol. 13, No. 4, Jul-Aug 2023 410



Lavender syrup impact in COVID-19 patients

Sies H. 2015. Oxidative stress: a concept in
redox biology and medicine. Redox Biol,
4:180-183.

Tabata S, Imai K, Kawano S, lkeda M,
Kodama T, Miyoshi K, Obinata H,
Mimura S, Kodera T, Kitagaki M, Sato
M, Suzuki S, Ito T, Uwabe Y, Tamura K.
2020. Clinical characteristics of COVID-
19 in 104 people with SARS-CoV-2
infection on the Diamond Princess cruise
ship: a retrospective analysis. Lancet
Infect Dis, 20: 1043-1050.

Tavakoli A, Vardanjani HM, Namjouyan F,
Cramer H, Pasalar M. 2022. Efficacy of
Persian barley water on clinical outcomes
of hospitalized moderate-severity
COVID-19 patients: a single-blind, add-

on therapy, randomized controlled clinical
trial. Eur Rev Med Pharmacol Sci, 26:
1033-1041.

Taylor—Clark TE. 2015. Oxidative stress as
activators of sensory nerves for cough.
Pulm Pharmacol Ther, 35: 94-99.

Xia S, Zhang Y, Wang Y, Wang H, Yang Y,
Gao GF, Tan W, Wu G, Xu M, Lou Z,
Huang W. 2021. Safety and
immunogenicity of an inactivated SARS-
CoV-2 vaccine, BBIBP-CorV: a
randomised,  double-blind,  placebo-
controlled, phase 1/2 trial. Lancet Infect
Dis, 21: 39-51.

Yang Y. 2020. Use of herbal drugs to treat
COVID-19 should be with caution. The
Lancet, 395: 1689-1690.

AJP, Vol. 13, No. 4, Jul-Aug 2023 411



