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Abstract Osteoarthritis (OA) is one of the most common
articular disorders. Many patients do not respond to acetamin-
ophen and non-steroidal anti-inflammatory drugs (NSAIDs),
the mainstay of pharmacotherapy for knee OA. The plants
Elaeagnus angustifolia and Boswellia thurifera have anti-
inflammatory and analgesic properties. This study aimed to
evaluate the effect of E. angustifolia alone and in combination
with B. thurifera compared with ibuprofen in patients with
knee osteoarthritis. In a randomized double-blind controlled
clinical trial, 75 patients with knee OA were randomly and
equally assigned to one of three groups Elacagnus (n = 23),
Elacagnus/Boswellia (n = 26), and ibuprofen (n = 26) to re-
ceive the capsules of Elacagnus, Elacagnus/Boswellia, and
ibuprofen, respectively, three times daily with meals for
4 weeks. Pain severity based on VAS (visual analog scale, 0
to 10 scale) and the scores of LPFI (Lequesne Pain and
Function Index) and PGA (patient global assessment) were
determined pre- and post-intervention for all patients. All in-
terventions had significant lowering effects on VAS, LPFI,
and PGA scores (P < 0.001 for all parameters) with no signif-
icant difference between groups in terms of effects on all
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evaluated parameters. Consumption of E. angustifolia fruit
extract either alone or in combination with Boswellia oleo-
gum resin extract could decrease pain and improve function
in patients with knee osteoarthritis comparable to ibuprofen.
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Introduction

Osteoarthritis (OA) is one of the most common articular dis-
orders and the most common type of arthritis. It particularly
affects elderly people leading to chronic disability [1, 2]. Knee
OA has a high prevalence rate compared with other types of
OA. It presents at earlier age groups particularly in obese
women [3, 4].

Treatment of OA varies from non-pharmacologic modali-
ties (weight loss, exercise, temperature modalities) and phar-
macologic interventions, to total knee replacement [5]. The
primary objective of medication is to alleviate pain [6].
Acetaminophen and non-steroidal anti-inflammatory drugs
(NSAIDs) are the mainstay of pharmacotherapy for knee
OA [7]. However, many patients do not respond to conserva-
tive management and require further management [1]. On the
other hand, NSAIDs are associated with risks of gastrointes-
tinal, renal, and cardiovascular adverse events [8]. Therefore,
search for new anti-inflammatory and analgesic medications,
including herbal drugs, is mandatory.

E. angustifolia, commonly called Russian olive and
commonly referred to as “Senjed” in Iran, is a plant
whose fruit extract has anti-inflammatory and analgesic
properties [9, 10]. Also, the plants of genus Boswellia,
including Boswellia thurifera, have anti-inflammatory/an-
ti-oxidant properties [11, 12]. Due to these effects, both
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plants have been traditionally used for arthritic disorders
in Iran. However, few clinical studies exist about their
efficacy, especially in comparison to a standard therapy,
in these disorders. This study aimed to evaluate the effect
of Elaeagnus angustifolia both alone and in combination
with B. thurifera compared with ibuprofen in patients
with knee osteoarthritis.

Materials and methods
Preparation of capsules

All capsules were prepared by Barij Essence pharmaceu-
tical company, Kashan, Iran. Each Elacagnus capsule was
prepared by 200 mg of freeze-dried aqueous extract of
E. angustifolia fruit (equivalent to 3.5-4 mg of total phe-
nolic compounds). Each Boswellia capsule was prepared
by adding 100 mg of freeze-dried hydroalcoholic extract
of Boswellia thurifera oleo-gum resin (containing
boswellic acid 60-70% and 11-ketoboswellic acid 3%)
to 100 mg of Elaeagnus extract. Each ibuprofen capsule
contained 400 mg of drug.

Patient selection

Patients were selected from those referring to rheumatology
clinic of Alzahra hospital of Isfahan, Iran, affiliated to Isfahan
University of Medical Sciences, based on the following inclu-
sion criteria: (1) age of40 to 80 years, (2) knee osteoarthritis in
at least one knee for at least 6 months based on ACR
(American College of Rheumatology) diagnostic criteria [13,
14], (3) pain score >4 based on VAS (visual analog scale), (4)
LPFI (Lequesne Pain and Function Index) >7, (5) serum CRP
(C-reactive protein) <10 mg/dl and ESR (erythrocyte sedi-
mentation rate) <20 mg/dL, (6) grade 2 or 3 of Kellgren-
Lawrence scale in knee radiography obtained within the last
6 months, (7) free of liver, renal, or cardiac dysfunction, (8) no
use of intra-articular glucocorticoids or hyaluronic acid prep-
arations within the last 3 months, (9) no use of systemic glu-
cocorticoids within the last 3 months, (10) free of all other
bone and joint disorders including rheumatoid arthritis and
gout, (11) free of peptic ulcer disease, (12) no knee arthroscop-
ic procedure within the last 3 months, and (13) not being
pregnant or lactating (for women).

Patients with either irregular use of capsules (less than 80%
of'total capsules) or no use of capsules for at least 3 days were
excluded from the study.

Clinical study and interventions

This was a randomized double-blind controlled clinical trial
performed in rheumatology clinic of Alzahra hospital of
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Isfahan, Iran from April to December 2014. The study was
registered in Iranian Registry of Clinical Trials (IRCT) with
the record number of IRCT2015072123282N1. Written in-
formed consent was obtained from all participants. Patients
with inclusion criteria were randomly and equally assigned
to one of three groups Elaeagnus, Elacagnus/Boswellia, and
ibuprofen to receive the capsules of Elacagnus, Elacagnus/
Boswellia, and ibuprofen, respectively, three times daily with
meals for 4 weeks. Before any intervention, pain severity
based on VAS (0 to 10 scale), and the scores of LPFI and
PGA (patient global assessment) were determined and record-
ed for all patients. LPFI index consists of three subscales in-
cluding pain or discomfort scale, the maximum distance of
walking ability, and the function or activities of daily living
(ADL). A total of 10 items should be replied by the patient
with each item having a score range. The total score of LPFI
ranges from 0 to 24, with higher scores presenting worse OA
status. The Persian form of LPFI validated previously by
Nadrian et al. [15] was used in this study. PGA was evaluated
by asking the patient to assess the overall effects of the used
drug on knee OA symptoms and rating the response based on
the following five-point scale with 0.1 accuracy: 0 = none
(ineffective), 1 = poor (some effect), 2 = fair (reasonable ef-
fect), 3 = good (satisfactory effect), and 4 = excellent (ideal
response, free of pain). For patients with NSAID use, the drug
was discontinued and the intervention was begun after “five
NSAID half-life +2” days of the last dose. The patients were
instructed to report any side effect during the use of capsules.
At the end of the study, all mentioned parameters were again
determined and recorded for all patients and compared to
baseline values both within and between groups.

Statistical analysis

SPSS 20.0 software (SPSS Inc., Chicago, IL, USA) was used
for data analysis. Kolmogorov—Smirnov test was applied for
determination of distribution pattern of obtained data. Chi
square (x?) test and independent samples t-test were used for
comparison of gender distribution and mean age, respectively,
of two groups. Paired-samples # test was performed for com-
parison of values at the beginning and end of intervention
within each group. One-way analysis of covariance
(ANCOVA) test was used for comparing the mean values
between the three groups. Differences with P value < 0.05
were considered as significant.

Results

During the study, a total of 167 patients were evaluated for
eligibility, of whom 101 patients met the inclusion criteria and
participated in the study that were assigned to the three groups
(Fig. 1). Over the study period, 26 patients were excluded
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Fig. 1 Flow chart of enrollment
and allocation of participants and
study design

Evaluated for eligibility

n=167

Met the inclusion criteria

n=101

[ Randomization ]

Excluded
n=26
Elaeagnus Elacagnus/Boswellia Ibuprofen
n=23 n=26 n=26

Recording the scores of VAS, LPFI, and PGA before and after 4

weeks of intervention

from the research due to either irregular use of capsules or no
adherence to complete the study. Therefore, 75 participants
completed the study including 23, 26, and 26 patients in
Elaeagnus, Elacagnus/Boswellia, and ibuprofen groups, re-
spectively, with 91.3% (n = 21), 88.46% (n = 23), and
84.62% (n = 22), respectively, being female (P = 0.769).

[ Comparison of the results ]

The mean (+ SD) age of patients in the groups was 52.65
(£11.09), 52.0 (£8.74), and 52.96 (£8.57), respectively
(P =0.933).

Table 1 shows the effects of each intervention on evaluated
parameters and also represents the effects comparatively be-
tween the interventions. As shown, all interventions had

Table 1  The effects of interventions on assessed parameters after 4 weeks
Parameter Group Baseline Week 4 P-value’ P-value™
(within group) (between groups)
VAS Elaeagnus (n = 23) 7.04£1.15 4.65+1.84 <0.001 0.304
Elaeagnus/Boswellia (n = 26) 7.03 £1.36 4.84 +£1.96 <0.001
Ibuprofen (n = 26) 7.01 £1.25 5.30 £ 1.66 <0.001
LPFI Elaeagnus (n = 23) 12.47 £2.88 8.32+3.25 <0.001 0.578
Elaeagnus/Boswellia (n = 26) 12.69 +£3.35 9.09 +4.18 <0.001
Ibuprofen (n = 26) 12.84 £2.73 9.34 £ 2.66 <0.001
PGA Elaeagnus (n = 23) 1.44 +0.62 2.38 +£0.43 <0.001 0.202
Elaeagnus/Boswellia (n = 26) 1.50 £ 0.68 2.17+0.46 <0.001
Ibuprofen (n = 26) 1.79 £ 0.64 2.50+0.57 <0.001

The values are presented as Mean + SD

VAS visual analog scale, LPFI Lequesne pain and function index, PGA patient global assessment

*paired-samples 7 test; **ANCOVA test
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Table 2 Comparison of

intervention groups in terms of Parameter Group Elaeagnus Elaeagnus/Boswellia Ibuprofen
assessed parameters
VAS Elaeagnus (n = 23) - 1.000 0415
Elaeagnus/Boswellia (n = 26) 1.000 - 0.835
LPFI Elaeagnus (n = 23) — 1.000 0.968
Elaeagnus/Boswellia (n = 26) 1.000 - 1.000
PGA Elaeagnus (n = 23) — 0.515 0.278
Elaeagnus/Boswellia (n = 26) 0.515 — 1.000

The values represent P values (ANCOVA test)

VAS visual analog scale, LPFI Lequesne pain and function index, PGA patient global assessment

significant lowering effects on VAS, LPFI, and PGA scores.
Furthermore, there was no significant difference between
groups in terms of effects on all evaluated parameters.

Table 2 shows comparison of the effects of each interven-
tion with the other two. As shown, no significant difference
was observed between groups showing equal effects of all
interventions on the assessed variables.

During the study, 2, 3, and 4 patients from Elaeagnus,
Elaeagnus/Boswellia, and ibuprofen groups, respectively,
complained of gastrointestinal adverse effects including con-
stipation and dyspepsia. No other side effect was reported by
the patients.

Discussion

Our results showed non-inferiority of Elacagnus fruit ex-
tract and its combination with Boswellia oleo-gum resin
extract compared to ibuprofen in reduction of pain and
improvement of function in knee OA patients. At the best
of our knowledge, this is the second clinical study evalu-
ating therapeutic effects of these herbal extracts compared
to a NSAID in OA. In the first trial, conducted by Panahi
et al., the effect of two doses of E. angustifolia extract
(300 mg/day and 600 mg/day) compared to ibuprofen
(800 mg/day) on the severity of knee OA was evaluated
[16]. According to the results, both doses of
E. angustifolia significantly reduced WOMAC (Western
Ontario and McMaster Universities Osteoarthritis Index),
VAS, LPFI, and PGA. Furthermore, no significant differ-
ence was observed between E. angustifolia and ibuprofen
in terms of effects on these parameters. The authors con-
cluded that E. angustifolia extract has beneficial effects
comparable to ibuprofen in reducing the symptoms of
knee OA. Therefore, our results are similar to the results
of Panahi et al. study regarding the effects of the extract
on the variables and their comparison to ibuprofen as a
standard treatment for OA.

Our results are consistent to other studies showing analge-
sic effects of Elacagnus and Boswellia extracts. In the study of
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Rabiei et al. on symptomatic knee OA patients, the combina-
tion of E. angustifolia and ginger extracts (200 mg) signifi-
cantly reduced pain intensity according to VAS and physician
global assessment compared to placebo [17]. In the study of
Kimmatkar et al., consumption of 333 mg of Boswellia
serrata extract three times daily by knee OA patients signifi-
cantly reduced knee pain and increased knee flexion and
walking distance compared to placebo [18]. In another study
conducted by Sontakke et al., Boswellia serrata extract with
the dose of 333 mg thrice daily resulted in significant reduc-
tion of pain, stiffness, and difficulty in performing daily activ-
ity evaluated by WOMAC [19]. Considering the effectiveness
of consumed dose in our study (100 mg), it seems that com-
bining low doses of Boswellia extract with Elacagnus extract
is equally or more effective compared to higher doses alone.

Several mechanisms have been proposed for the ob-
served effects of these extracts. An animal study has
shown inhibition of cyclooxygenase-1 (COX-1) and
cyclooxygenase-2 (COX-2) enzymes by aqueous extract
of E. angustifolia similar to indomethacin [20]. This can
explain comparable efficacy of Elaeagnus extract with
ibuprofen, a nonselective inhibitor of COX-1 and COX-
2, in our study. Also, it has been suggested that Elacagnus
extract can slow down the production of free radicals
found in OA tissues, since the extract has anti-oxidant
activity [21, 22] due to its flavonoid component [9, 23].
Also, as shown by Nikniaz et al. in females with knee
OA, E. angustifolia fruit can reduce inflammatory cyto-
kines tumor necrosis factor-alpha (TNF-&) and matrix
metalloproteinase-1 (MMP-1) and enhance anti-
inflammatory cytokine interleukin-10 (IL-10) [24]. On
the other hand, anti-inflammatory effects of Boswellia
due to its content of boswellic acid derivatives have been
shown in several studies [19, 25-28] possibly contributing
to its beneficial effects in OA.

In conclusion, consumption of E. angustifolia fruit
extract either alone or in combination with Boswellia
oleo-gum resin extract could decrease pain and improve
function in patients with knee osteoarthritis comparable
to ibuprofen.



Clin Rheumatol (2017) 36:1849-1853

1853

Acknowledgements

This study was financially supported by Barij

Essence Pharmaceutical Company, Kashan, Iran. The authors would like
to acknowledge the staff of Barij Essence Company and Rheumatology
Clinic of Alzahra Hospital for their assistance.

Compliance with ethical standards

Disclosures

None.

References

10.

11.

12.

13.

14.

Fatimah N, Salim B, Raja EH, Nasim A (2016) Predictors of re-
sponse to intra-articular steroid injections in patients with osteoar-
thritis of the knee joint. Clin Rheumatol 35(10):2541-2547
Heidari B (2011) Knee osteoarthritis prevalence, risk factors, path-
ogenesis and features: part I. Caspian J Intern Med 2(2):205-212
Altman RD (2010) Early management of osteoarthritis. Am J
Manag Care 16 Suppl Management:S41-47.

Bliddal H, Christensen R (2009) The treatment and prevention of
knee osteoarthritis: a tool for clinical decision-making. Expert Opin
Pharmacother 10:1793-1804

American College of Rheumatology Subcommittee on
Osteoarthritis Guidelines (2000) Recommendations for the medical
management of osteoarthritis of the hip and knee: 2000 update.
Arthritis Rheum 43(9):1905-1915
Bennell KL, Hunter DJ, Hinman RS (2012) Management of oste-
oarthritis of the knee. BMJ 345:¢4934

Hochberg MC, Altman RD, April KT, Benkhalti M, Guyatt G,
McGowan J, Towheed T, Welch V, Wells G, Tugwell P (2012)
American College of Rheumatology 2012 recommendations for
the use of nonpharmacologic and pharmacologic therapies in oste-
oarthritis of the hand, hip, and knee. Arthritis Care Res (Hoboken)
64(4):465-474

Day RO, Graham GG (2013) Non-steroidal anti-inflammatory
drugs (NSAIDs). BMJ 346:13195

Ahmadiani A, Hosseiny J, Semnanian S, Javan M, Saeedi F,
Kamalinejad M, Saremi S (2000) Antinociceptive and anti-
inflammatory effects of Elaeagnus angustifolia fruit extract. J
Ethnopharmacol 72:287-292

Ramezani M, Hosseinzadeh H, Daneshmand N (2001)
Antinociceptive effect of Elaeagnus angustifolia fruit seeds in
mice. Fitoterapia 72:255-262
Moussaieffa A, Mechoulamb R (2009) Boswellia resin: from reli-
gious ceremonies to medical uses; a review of in-vitro, in-vivo and
clinical trials. J Pharm Pharmacol 61:1281-1293

Siddiqui MZ (2011) Boswellia serrata, a potential
antiinflammatory agent: an overview. Indian J Pharm Sci 73:
255-261

Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K,
Christy W, Cooke TD, Greenwald R, Hochberg M et al (1986)
Development of criteria for the classification and reporting of oste-
oarthritis. Classification of osteoarthritis of the knee. Diagnostic
and Therapeutic Criteria Committee of the American Rheumatism
Association Arthritis Rheum 29(8):1039-1049

Wu CW, Morrell MR, Heinze E, Concoff AL, Wollaston SJ, Arnold
EL et al (2005) Validation of American College of Rheumatology

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

classification criteria for knee osteoarthritis using arthroscopically
defined cartilage damage scores. Semin Arthritis Rheum 35:197—
201

Nadrian H, Moghimi N, Nadrian E, Moradzadeh R, Bahmanpour
K, ITranpour A, Bellamy N (2012) Validity and reliability of the
Persian versions of WOMAC osteoarthritis Index and Lequesne
Algofunctional Index. Clin Rheumatol 31:1097-1102

Panahi Y, Alishiri GH, Bayat N, Hosseini SM, Sahebkar A (2016)
Efficacy of Elaeagnus angustifolia extract in the treatment of knee
osteoarthritis: a randomized controlled trial. EXCLI J 15:203-210

Rabiei K, Ghobadifar A, Ebrahimzadeh MA, Saeedi M, Mobini M
(2015) Effects of ginger and Elaeagnus angustifolia extracts in
symptomatic knee osteoarthritis. Zahedan J Med Sci 17(11):e2200
doi: http://dx.doi.org/10.17795/zjrms-2200

Kimmatkar N, Thawani V, Hingorani L, Khiyani R (2003) Efficacy
and tolerability of Boswellia serrata extract in treatment of osteo-
arthritis of knee—a randomized double blind placebo controlled
trial. Phytomedicine 10(1):3-7

Sontakke S, Thawani V, Pimpalkhute S, Kabra P, Babhulkar S,
Hingorani L (2007) Open, randomized, controlled clinical trial of
Boswellia serrata extract as compared to valdecoxib in osteoarthri-
tis of knee. Indian J Pharmacol 39:27-29

Farahbakhsh S, Arbabian S, Emami F, Rastegar Moghadam B,
Ghoshooni H, Noroozzadeh A et al (2011) Inhibition of cyclooxy-
genase type 1 and 2 enzyme by aqueous extract of Elaeagnus
angustifolia in mice. Basic Clin Neurosci 2(2):31-37

Maghzi M, Khorsandi L, Orazizadeh M, Ahmadi K (2015)
Histological effects of Elaeagnus angustifolia aqueous extract on
cartilage degradation in experimental osteoarthritis. Asian J
Phytomed Clin Res 3(2):50-54

Cansev A, Sahan Y, Celik G, Taskesen S, Ozbey H (2011)
Chemical properties and antioxidant capacity of Elaeagnus
angustifolia L fruits. Asian J Chem 23(6):2661-2665

Erdemoglu N, Akkol EK, Yesilada E, Calis I (2008) Bioassay-
guided isolation of anti-inflammatory and antinociceptive princi-
ples from a folk remedy, Rhododendron ponticum L leaves. J
Ethnopharmacol 119(1):172-178

Nikniaz Z, Ostadrahimi A, Mahdavi R, Ebrahimi AA, Nikniaz L
(2014) Effects of Elaeagnus angustifolia L. supplementation on
serum levels of inflammatory cytokines and matrix metalloprotein-
ases in females with knee osteoarthritis. Complement Ther Med
22(5):864-869

Anthoni C, Laukoetter MG, Rijcken E, Vowinkel T, Mennigen R,
Miiller S, Senninger N, Russell J, Jauch J, Bergmann J, Granger
DN, Krieglstein CF (2006) Mechanisms underlying the anti-
inflammatory actions of boswellic acid derivatives in experimental
colitis. Am J Physiol Gastrointest Liver Physiol 290(6):G1131—
G1137

Sharma ML, Bani S, Singh GB (1989) Anti-arthritic activity of
boswellic acids in bovine serum albumin (BSA)-induced arthritis.
Int J Immunopharmacol 11(6):647-652

Safayhi H, Rall B, Sailer ER, Ammon HP (1997) Inhibition by
boswellic acids of human leukocyte elastase. J Pharmacol Exp
Ther 281(1):460-463

Ammon HP, Safayhi H, Mack T, Sabieraj J (1993) Mechanism of
antiinflammatory actions of curcumine and boswellic acids. J
Ethnopharmacol 38(2-3):113-119

@ Springer


http://dx.doi.org/10.17795/zjrms-2200

	Evaluation...
	Abstract
	Introduction
	Materials and methods
	Preparation of capsules
	Patient selection
	Clinical study and interventions
	Statistical analysis

	Results
	Discussion
	References


