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. The anti-inflammatory effects of
wormwood in some diseases such as
Crohn’s disease have been known.

. Considering  the inflammatory
mechanism involved in the disease,
wormwood exerts beneficial effects
in osteoarthritis when compared with
piroxicam as NSAID.
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Abstract

Background: Pain alleviation and improvement of functional
status are the main objectives in the treatment of osteoarthritis.
Artemisia absinthium (AA) was used traditionally in reducing
pain and inflammation. The aim of the present study was to
compare the effects of topical formulations of AA and piroxicam
gel (PG) among patients with knee osteoarthritis.

Methods: In total, 90 outpatients aged 30-70 years with the
diagnosis of primary osteoarthritis in at least one knee were
enrolled in a randomized double-blind clinical trial. The patients
referred to the Rheumatology Clinic at Shahid Beheshti Hospital
in Hamadan province during 2012-2013. The patients were
randomly assigned into three groups, 30 patients per group, and
respectively received AA ointment (AAO) 3%, AA liniment
(AAL) 3%, and PG; three times daily (TID) for 4 weeks. The
patients were visited at baseline, week 4, and week 6. The
effectiveness criteria were pain severity which was assessed with
a 10-point visual analog scale (VAS), the Western Ontario and
McMaster Universities osteoarthritis index (WOMAC) for total
pain score (WTPS), total physical function score (WTPFS), and
total stiffness score (WTSS). Repeated measure ANOVA, paired
t test and post hoc were used to compare variables. Statistical
analysis was performed using the SPSS software, version 13.0
(SPSS Inc., Chicago, Illinois).

Results: All groups had similar patient demographics. The
administration of PG significantly improved all tested criteria
with no recurrence after discontinuing the treatment protocol.
AAOQ alleviated all tested factors except for WTSS. Alleviation
was comparable to PG. AAL only reduced pain factors (VAS,
WTPS) in week 4 with recurrence in week 6.

Conclusion: Administration of Artemisia ointment may have
beneficial effects in the treatment of osteoarthritis.

Trial Registration Number: IRCT201202123109N3
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Introduction

Knee osteoarthritis (KOA) is one of the most
prevalent types of OA. KOA occurs in about 6%
of people over 30 years and increases to 10%
in adults above 60 years of age, especially in
women at menopause period with overweight.’
Because the lifespan of the general population
is increasing, the prevalence of OA is rising.?
The main clinical symptoms of KOA are joint
pain, swelling, stiffness, loss of movement, and
reduction of participation in daily activities.®
These physical damages and incapabilities may
have psychological effects and increase the risk
of comorbidities.’

There are inter-individual differences in
the course of OA progression, manifestations,
and functional limitations. Regardless of
personal differences, the main objectives in
KOA management are pain reduction and
improvement of life quality.> Nowadays, topical
NSAIDs are available with reduced potential of
systemic adverse effects.® According to recent
research studies, inflammatory cytokines
including IL-18, TNFa, IL-6, IL-15, IL-17, and
IL-18 as well as anti-inflammatory cytokines
such as IL-4, IL-10, and IL-13 are involved in the
initiation and progression of KOA.%°

Natural products consist the major
components of 50% current drugs for the
management of various ailments.'"® Topical
herbal therapies for the management of
osteoarthritis are also available. Arnica gel may
alleviate pain and functional status comparable
to that of NSAIDs. Comfrey may have analgesic
effect more than placebo. Capsicum gel is the
same as placebo and has no beneficial effects
in this regard."

Artemisia absinthium (Asteraceae) is locally
called afsantin and wormwood in Persian and
English, respectively. Its use in medicine dates
back to Roman times. It is a medicinal herb
with many ethnopharmacological uses, such
as antihelmintic, antiseptic, reducing muscle
pain, easing the symptoms of depression,
and to improve memory."”? Moreover, using
A. absinthium ointment externally can reduce
the stiffness of muscles and joints as well as help
in healing bruises.”? On human breast cancer
cells, it showed antiproliferative effects as well
as potent antioxidant properties which may
be used in the prevention of oxidative stress-
induced disorders." Some studies reported that
A. absinthium extract may suppress TNFa and
other interleukins.'®

In a double-blind study, treatment with
capsules containing A. absinthium whole
plant reduced TNFa level and also improved
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the mood of patients suffering from Crohn’s
disease.™ Alcoholic and aqueous extracts and
essential oil of A.absinthium exhibited analgesic
and anti-inflammatory activities.”? Also, the
extract obtained by maceration of A. absinthium
in acetic acid produced topically antinociceptive
activity, which was significantly lessened by
pretreatment with naloxone, ondansetrone,
metoclopramide, and atropine. The result of the
latter study recommended that these effects
are probably produced by the involvement of
opioidergic, dopaminergic, and serotonergic
systems.”® Considering the ongoing use of
plants and the rising prevalence of KOA, the aim
of the present study was to evaluate the effect
of A. absinthium topical formulations (ointment
and liniment) versus piroxicam gel in patients
with KOA.

Patients and Methods

Preparation of Wormwood Ointment and
Liniment

Wormwood extract was prepared according
to guidelines by Zeraati et al.”® Briefly, the
plant was grown in Avicenna Medicinal Plants
Research Station of Hamadan Agricultural and
Natural Resources Research Center, Hamadan,
Iran. The plant was harvested in August 2012
and authentication was done by Dr. Kalvandi at
the herbarium of the above-mentioned center.
After drying, the powdered plant material was
soaked in 8% acetic acid. The extract was
filtered and dried by means of rotary evaporation.
Wormwood ointment and liniment had 3% w/w of
wormwood extract in ointment base and olive oil,
respectively, that were prepared by a pharmacist
and packaged alike.

Participants

Patients aged 30-70 years with the final
diagnosis of primary osteoarthritis in at least one
knee were consecutively recruited into the study.
The patients referred to the Rheumatology
Clinic at Shahid Beheshti Hospital in Hamadan
province (Iran) during 2012-2013.

The diagnosis of primary osteoarthritis
was established by clinical and radiological
assessments according to the guidelines of the
American College of Rheumatology.>'® To rule
out the inflammatory disease such as rheumatoid
arthritis, routinelaboratory examinationsincluding
cell blood count, rheumatic factor analysis,
and 2ME test were performed. The values of
C- reactive protein, erythrocyte sedimentation
rate, alkaline phosphatase, and serum levels
of calcium and phosphorus were determined.
The inclusion criterion was primary osteoarthritis
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of at least one knee that has been established
by clinical and radiological assessments. The
exclusion criteria were confirmed or suspected
secondary osteoarthritis, trauma, congenital
abnormalities, endocrinological impairments,
metabolic disturbances, other musculoskeletal
disorders, administration of oral corticosteroids
and analgesics within 10 days before admission,
long-acting corticosteroids, and pregnancy
and nursing. For women of childbearing age,
representing adequate evidence of contraception
prior to inclusion was necessary. Patients that
fulfilled the inclusion criterion, after signing the
informed consent form, were randomized into
three groups. Patients that had severe pain were
excluded from the study.

Study Design and Treatment

This randomized, double-blind, parallel
groups, non-inferiority trial was conducted to
compare the efficacy and safety of Artemisia
absinthium ointment and liniment versus
piroxicam gel. Patients that fulfilled the inclusion
criteria, after signing the informed consent
form, were randomized into three groups.
Randomization was done by permuted-block
design that involves randomizing patients to
treatment groups in sequential blocks. Patients
were then treated under double-blind conditions
for up to 4 weeks. Different formulations
(ointment, liniment, and gel) were packaged
alike and only marked with A, B, and C letters.
Patients received the order of drugs by a
collaborator that was not involved with patients
or data analysis.

The patients were advised to rub topical
formulations on the affected knee (front, back,
and sides) three times a day for 28 days and
then re-visit the clinic for further assessments.
In addition, all participants visited again two
weeks after treatment discontinuation for the
evaluation of disease recurrence. In cases with
bilateral involvement, both knees were treated;
however, only the knee with more severe pain
was evaluated.

In the present study, we did not categorize
patients into control or placebo group, instead,
each patient was his/her control. Each group was
examined before and after treatment and was
compared at different intervals. All patients were
informed about the possible side effects or lack
of response to treatment. They were reminded
that their participation in the study is voluntary.
All patients were also recommended that in case
of appearing redness, itching, or burning at the
site of topical application of the drug, they should
terminate its use and referred to the clinic. The
patients were asked to avoid the use of other
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analgesic drugs within the study period without
prior consultation.

The number of patients who abandoned the
treatment protocol was recorded to evaluate
the level of patient satisfaction. Ethical approval
was obtained from the local Research Ethics
Committee of Hamadan University of Medical
Sciences (number: P/16/35/9/57231). Moreover,
the study was performed in accordance with
the principles of the Helsinki Declaration. This
study was registered at the Iranian Registry of
Clinical Trials with IRCT registration number:
IRCT201202123109N3.

Statistical Analyses

Due to the nature of the present clinical
trial (non-inferiority trial), the sample size was
calculated according to G*Power software
(version 3.0.10 for Windows). Accordingly,
3*25 patients were required to ensure that 80%
of the lower limit of a two-sided 95% confidence
interval would be above the non-inferiority limit
of -8. The efficacy analyses were performed
based on the intention-to-treat (ITT) analysis.
ITT population was defined as randomized
patients who took the medication and provided
baseline and post-baseline efficacy assessment.

The primary outcome measure of the study
was the reduction in the mean pain score from
baseline, as assessed by the VAS (0-10) points.
This visual analog scale ranged from 0 up to
10 that corresponds to no pain and the worst
imaginable pain, respectively. To measure
secondary outcome, the Western Ontario and
McMaster Universities osteoarthritis index
(WOMAC) was used. The WOMAC consists of
three dimensions: pain (5 items), stiffness (2
items), and physical functioning (17 items). The
five-point Likert version 9 of the WOMAC was
used. An item response can range from “none”
to “extreme”. The Persian version of WOMAC
has been tested previously and its reliability,
validity, and responsiveness were satisfactory.
Evaluation of patients, including assessment of
pain severity, stiffness, and physical activity were
performed at baseline, 4 weeks after starting
treatment (week 4), and 2 weeks after treatment
completion (week 6).

The results were presented as mean+SD
(standard deviation) for quantitative variables
and summarized by absolute frequencies
and percentages for categorical variables.
Categorical variables were compared using the
chi-square or Fisher’s exact test when more than
20% of cells with an expected count of less than
5 were observed. To compare variables between
the three groups, repeated measure ANOVA
was conducted for comparing the effect of the

Iran J Med Sci November 2017; Vol 42 No 6



AAO, AAL, and PG on VAS pain, total WOMAC,
WOMAC pain, WOMAC stiffness, and WOMAC
physical function scores at different intervals.
Moreover, paired t test was used to perform
post hoc comparison within each group (end of
treatment vs. onset and 2 weeks after treatment
vs. end of treatment). P<0.05 were considered
statistically ~ significant.  Statistical analysis
was performed using the SPSS software,
version 13.0 (SPSS Inc., Chicago, lllinois).

The present study was conducted during June
2012-2013. Ninety patients with diagnosed
primary osteoarthritis were included in the
study. Patients’ demographic, baseline VAS and
WOMAC, and demographic properties (sex,
weight, and age) were not significantly different
between the three treatment groups (table 1).
The flow chart of patient enroliment and
disposition is shown in figure 1. Discontinuation
rate was higher in the AAO group. In total, 90
eligible patients were enrolled in the study

Effects of wormwood in osteoarthritis

in which 80 patients (88%) completed the
process.

Comparing WOMAC total, pain, and physical
function scores and VAS pain score at different
intervals showed significant differences before
treatment, end of treatment, and two weeks after
treatment in the AAO group (P<0.001). There
was no significant difference in WOMAC stiffness
score in terms of treatment time in the AAO group.

In the AAL group, comparison of the outcome
measure showed that there were significant
differences in terms of treatment time in the VAS
and WOMAC pain scores (P<0.001). In the PG
group, all scores were significantly different in
terms of treatment time (P<0.001). The trend of
changes in pain severity and physical function
state across the three groups was compared
using three-way repeated measure ANOVA,;
the result showed no differences between the
groups. In case of significant difference in each
group, two-paired sample t test was used to
perform post hoc comparison between different
intervals (week 4 vs. before treatment and week
6 vs. week 4) (table 2). For the evaluation of

Table 1: Demographic and baseline characteristics of the patients in the three study groups. Values are presented as

meanzSD

Variables Artemisia absinthium ointment  Artemisia absinthium liniment Piroxicam gel P value
Weight (kg) 74+11 7418 7119 0.597
Age (year) 57+9 53+13 60+10 0.22
Baseline VAS score 6.0£2.5 6.1£1.8 6.0+£2.6 0.983
Baseline WOMAC score  49.0+18.3 42.0£15.2 50.3+18.6 0.231

Assessed for eligibility (n=90)

& J
Preluded 070
( N

Randomized (n=90)

Allocation

4 Allocation to Artemisia absinthiumliniment (n=30) q A 5
Allocation to Artemisia absinthiumointment (n=30) e alsaein, (=30) Allocation to piroxicam gel (n=30)
Received allocated In. (n=30) Did not ived allocated Tn, (n=0) Received allocated In. (n=30)
. . id not received allocated In. (n

Did not received allocated In. (n=0) Did not received Allocated In. (n=0)

- J | -
[ Follow-up ]
| e———

( Loss to follow up (n=6) A Loss to follow up (n=2) ( Loss to follow up (n=2) h
Because patients used other drugs or Because patients used other drugs or Because patients used other drugs or
discontinued the treatments discontinued the treatments discontinued the treatments
- J S J

[ Analysis ]

Analyzed (n=28)
Exclude from analysis (n=0)

1
Analyzed (n=24)
Exclude from analysis (n=0)

Analyzed (n=28)
Exclude from analysis (n=0)

Figure 1: The CONSORT diagram for patient enrollment and disposition in the Artemisia absinthium ointment and liniment, and

piroxicam gel groups.
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Table 2: VAS and WOMAC scores in different treatment groups at different time intervals, values are presented as mean+SD

Time point Wormwood Wormwood Piroxicam gel P value between effective
ointment (n=24) liniment (n=28) (n=28) groups
(base comparison)
Total WOMAC score
Before treatment 49.1+18.3 42.2+15.2 50.3+18.6 0.265
End of treatment 42.0+15.6* 36.5+18.1 40.4+17.9*
2 weeks after treatment 41.0+13.0 36.8+17.8 40.1+17.4
P value 0.017/0.783 <0.001/0.493
WOMAC pain score
Before treatment 11.1+£3.51 9.35+3.10 10.3+4.05 0.194
End of treatment 8.00+3.96* 7.14+3.81* 8.07+4.29*
2 weeks after treatment 8.10+3.72 8.04+352** 8.08+3.75
P value 012/0.804 0.001/0.041 <0.001/0.674
WOMAC stiffness score
Before treatment 3.1412.08 3.00+1.96 3.66+2.26 0.494
End of treatment 2.96+1.91 2.82+1.46 2.60+1.81*
2 weeks after treatment 3.22+2.35 2.84+1.81 2.75+1.58
P value 0.049/0.490
WOMAC physical function score
Before treatment 34.1£13.1 29.9+11.7 36.3+13.9 0.216
End of treatment 31.1+11.6* 26.6+13.6 28.9+12.3*
2 weeks after treatment 29.7£9.43 26.6+13.5 29.4+11.8
P value 0.039/0.509 <0.001/0.367
VAS pain score
Before treatment 5.99+2.47 6.11+1.89 6.05+2.6 0.992
End of treatment 5.07+2.22* 4.79+2.18* 4.1242.22*
2 weeks after treatment 4.93+2.52 5.514+2.20* 4.61£2.53
P value 0.039/0.472 <0.001/0.01 <0.001/0.056

*Significant for comparing week 4 and week 0; **Significant for comparing week 6 and week 4; Week 0: Before treatment;
Week 4: End of treatment; Week 6: Two weeks after ending treatment; First P value/second P value; Comparing week 4 and

week O/comparing week 6 and week 4

recurrence, the scores in weeks 4 and 6 were
compared with each other (table 2).

The present study aimed to compare beneficial
effects of topical formulations containing
wormwood with piroxicam gel, in patients with
primary knee osteoarthritis at different intervals.
The other objective was to evaluate the carryover
effect of these formulations after completion of
the treatment.

Although only PG had appropriate effects
on joint stiffness, analgesic effects and
improvements in physical function were the
same for groups receiving AAO and PG. There
was no recurrence 2 weeks after treatment
completion. AAL was only effective on pain
severity in a certain period of the treatment.

According to recent research studies,
inflammatory cytokines, including IL-1p, TNFa,
IL-6, IL-15, IL-17, IL-18, and anti-inflammatory
cytokines such as IL-4, IL-10, and IL-13 are
involvedintheinitiation and progression of KOA.*°
Although few experimental trials have shown the
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efficacy of blocking pro-inflammatory cytokine
in the treatment of OA;"” however, Chevalier et
al. revealed that TNFo blockers (adalimumab,
two SC injections) had no beneficial effects in
treating hand OA."™ Hence, OA treatment with
blocking inflammatory cytokines is not proven
and requires further investigations.

The genus Artemisia has many uses in
traditionalmedicine,amongwhichantinociceptive
and anti-inflammatory activities have been
reported for several species of the genus.
Recent research studies have reported that
Artemisia herba alba,'® Artemisia dracunculus,
and Artemisia deserti,'® have clear potentials.
Artemisia absinthium and Artemisia copa also
showed topical analgesic and anti-inflammatory
activities, respectively.'® Artemisia absinthium
showed anti-inflammatory effect in some in vitro
and in vivo studies.'>?° In a controlled clinical trial,
Krebs et al. confirmed that AA can accelerate
healing in Crohn’s disease by suppressing tumor
necrosis factor alpha14. Omer and colleagues
suggested that wormwood has a steroid sparing
effect in patients with Crohn’s disease.?’ The
patients suffering from Crohn’s disease received
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prednisone for 3 weeks. After tapering the
steroid, in week 10, they were free of steroids.
Then, they received herbal blend containing
wormwood herb (3x500 mg/day) or placebo
for 10 weeks. Unlike the group receiving herbal
blend, restarting steroid for the prevention of
disease deterioration was necessary for the
placebo group.?' Zeraati et al. (2014) revealed
that the extract of A. absinthium caused topical
antinociceptive effect on mice. This effect was
alleviated by using naloxone, ondansetrone,
metoclopramide, and atropine as pretreatment.
In addition, the results suggested that the
involvement of opioidergic, dopaminergic, and
serotonergic produced the effects.” Choi et al.
reported a flavone from Artemisia absinthium
which induces the production of IL-10 and anti-
inflammatory cytokine, and thus suppressing
collagen-induced arthritis in mice.?°

Ahmad et al. reported that the methanolic
extract of A. absinthium displayed significant
analgesic action at different dose levels (from
300 to 1000 mg/kg). The duration and intensity
of analgesia were dose-dependent. The plant
extract showed a rapid onset and less potent
analgesia when compared with acetylsalicylic
acid (ASA) at 300 mg/kg dose. Also, the anti-
inflammatory effects in the dose of 1000 mg/kg
was comparable to that of ASA.?2

Taken together, based on these observations,
the therapeutic effects of this agent in
osteoarthritis can be generalized. Although we
focused on a specific species of Artemisia, anti-
inflammatory effects of other species of this
plant with different mechanisms have also been
discussed. Koo HN and his colleagues showed
that Artemisia capillaris inhibits TNF-a and IL-a
cytokines in human hepatica cell line and thus
could prevent the ethanol-induced cytotoxicity.?®
Also, Choi and his colleagues demonstrated
that DA-9601, a standardized aqueous extract
of Artemisia Asiatica, blocks TNF-a-induced IL-8
and CCL20 production by inhibiting p38 kinase
and NFkB pathways in human gastric epithelial
cells.

Giangaspero et al. isolated eupatilin from
Artemisia umbelliformis which has topical anti-
inflammatory activity comparable to that of
indomethacin and hydrocortisone.?® Eupatilin
inhibit the expression of cyclooxygenase-2
and different pro-inflammatory  cytokines,
such as interleukins (IL-4, IL-6, and IL-8) and
tumor necrosis factor-R (TNF-R).? Thus, anti-
inflammatory impacts of Artemisia may be
mediated by various suppressive effects of
inflammatory cells and mediators, even if the
drug is administered topically. The formulations
tested in the present study contained 3% w/w of
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wormwood extract. Although the results showed
appropriate effects on pain and physical function,
none of the tested formulations could alleviate
stiffness. Hence, further investigation is required
to obtain the optimal dosage.

In the present study, liniment and Absinthium
ointment showed similar effects in reducing pain.
However, liniment was ineffective on physical
activity. Two weeks after treating with Absinthium
ointment, the patients had no pain until the end
of the treatment. However, in the liniment group,
the effect of the drug was alleviated two weeks
after the treatment and showed a significant
difference by the time of treatment completion.
Liniment was produced by injecting its extract
into olive base in a liquid form, while a semi-solid
base of the ointment was used for the ointment
formulation. Based on previous findings, it is
expected that liniment to have a faster onset and
ends the action, while the drug absorption from
the ointment base to be gradual and the duration
of action to be longer. This is in-line with the
results of the present study. However, liniment
and Absinthium ointment have an equal intensity
of action. Further investigation is required for
the justification of liniment being ineffective on
physical activity.

The most important limitation of the present
study was the pain assessing method that
introduced information bias. Necessary actions
were taken to minimize the bias through
appropriate methodological design. Adjustment
of extract content in the formulation and isolation
of bioactive components is under investigation.

Conclusion

Topical administration of ointment containing
Artemisia absinthium extract may improve
clinical manifestation of patients suffering from
KOA. The result of the present study is useful
in producing topical formulations to alleviate OA
symptoms.
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