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Abstract

Objective: Knee osteoarthritis (KOA) is the most prevalent debilitating
joint disorder worldwide, with limited effective and treatment options.
Traditional medicines may help discover more effective and safer
pharmacological treatments. This study was designed to evaluate the
efficacy and safety of “Dava-e Balgham” (DB), a Persian Medicine (PM)
herbal formula, in KOA patients.

Materials and Methods: The present trial was conducted in Shariati
Hospital, Tehran, Iran, from August 2020 to June 2022. A total of 110
patients with KOA were randomly allocated to intervention or placebo
(toast powder) groups. The intervention group received the Dava-e
Balgham capsule three times daily for 8 weeks. Capsules were filled with
powders of Nigella sativa, Trachyspermum ammi, Zataria multiflora, and
Pistacia atlantica oleoresin. Participants were followed up to 16 weeks.
The primary outcome was the severity of knee pain, while other OA
symptoms, activity, sport, and quality of life were considered secondary
outcomes.

Results: A total of 110 patients were enrolled, of whom, 99 completed the
trial (mean age: 58 £9.8 years). The DB formulation significantly improved
KOA symptoms compared to the placebo. For the primary outcome, the
between-group mean difference in KOOS Pain score change from baseline
to week 8 was 15.06 points. The corresponding between-group mean
differences in score change for other symptoms, activities of daily living,
sport/recreation, and quality of life were 12.34, 13.66, 12.46, and 14.42
points, respectively. No considerable treatment-related adverse effects were
reported.

Conclusion: The present study supports the use of the PM formula, DB, as
an adjuvant treatment for KOA.
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Introduction

Knee osteoarthritis (KOA) is a chronic
degenerative whole-joint disease affecting
~23% of adults >40 years worldwide and is
a major contributor to pain, disability, and
reduced quality of life. Its multifactorial
pathogenesis involves interacting processes
progressive hyaline cartilage loss, synovial
inflammation, subchondral bone
remodeling/sclerosis, ligamentous changes,
and osteophyte formation within an
imbalanced anabolic-catabolic joint status
(Dainese et al. 2022)

Inflammation plays a pivotal role in OA
progression by inducing early release of
cytokines such as interleukin-1p (IL-1pB)
and tumor necrosis factor-a (TNF-a),
which activate nuclear factor kB (NF-xB),
phosphatidylinositol-3 kinase (PI3K), and
mitogen-activated protein kinase (MAPK)
signaling pathways. These cascades
upregulate inflammatory mediators and
matrix-degrading enzymes (e.g., Matrix
metalloproteinase-13 [MMP-13]), impair
the synthesis of type Il collagen and
aggrecan, and disrupt cartilage
homeostasis. Targeting these pathways
offers  disease-modifying  therapeutic
options, as current treatments remain
largely symptomatic (Chow and Chin
2020).

Osteoarthritis (OA) has no curative
treatment, and current management focuses
on symptom relief. Non-steroidal  anti-
inflammatory drugs (NSAIDs) pose
gastrointestinal, cardiovascular, and renal
risks and may hinder cartilage matrix
synthesis (Guan et al. 2019). Age-related
pharmacokinetic changes reduce drug
efficacy in older adults (Ribeiro et al.
2022), while surgical options are limited by
complications and prosthesis longevity,
driving interest in safer, biologically
targeted complementary therapies
(Organization 2013; Walker et al. 2019).

Persian Medicine (PM) as a holistic
medical system emphasizes treating
underlying causes and highlights functional
relationships among organs, particularly the
gastrointestinal tract (GIT), whose health is
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viewed as foundational to systemic
well-being (Pasalar 2021; Pasalar et al.
2014; Shirzad et al. 2013). Avicenna
specifically linked GIT function to the
prevention and treatment of joint disease, a
view resonant with the modern gut—joint
axis concept (Gleason et al. 2022; Ibn-e-
sina 2005)

“Dava-e-Balgham” (DB) is a PM herbal
formulation used to support digestion,
reduce flatulence, and tonify the stomach
and liver. It combines powdered seeds of
Nigella sativa L (N.sativa) and
Trachyspermum ammi (L.) Sprague (T.
ammi), leaves of Zataria multiflora Boiss
(Z. multiflora), and oleoresin of Pistacia
atlantica Desf. (P. atlantica), and is cited in
standard PM texts such as Makhzan
al-Advia. (Asif et al. 2014).

Nigella sativa L. (Black seed), the
Ranunculaceae family, contains
thymoquinone and other bioactives
compounds such as p cymene, camphene,
thymol(Ghamari et al. 2023) with
anti-inflammatory, antioxidant, analgesic,
and chondroprotective effects(Ahmad et al.
2013; Gholamnezhad et al. 2016);
preclinical and clinical studies indicate that
N. sativa may offer therapeutic benefits in
osteoarthritis (OA), demonstrated efficacy
and a favorable safety profile with oral
lethal dose 50 (LDsp) >2.4 g/kg in mice)
(Bamosa 2018; Yimer et al. 2019)

Zataria multiflora Boiss. (Shirazi
thyme), a thymol and carvacrol rich
Lamiaceae herb (Saei-Dehkordi et al.
2010), exhibits antioxidant and
anti-inflammatory effects (Khazdair et al.
2018) mainly through suppression of pro-
inflammatory cytokines and enzymes.
primarily mediated by thymol and carvacrol
(Nazari et al. 2018) ). It also shows a high
safety margin, with an oral LDs, above 5
g/kg in mice (Mandegary et al. 2013).

Trachyspermum ammi (Ajowan,), a
member of the Apiaceae family, provides
thymol,  carvacrol, p-cymene, and
y-terpinene; traditionally used for digestive
disorders (Paul et al. 2011) it has shown
potent  anti-inflammatory, analgesic
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properties comparable to morphine in
experimental models(Al-Khazraji 2018;
Umar et al. 2012), mainly attributed to
terpenes, flavonoids, and sterols that
suppress prostaglandin synthesis (Dutta et
al. 2021). Toxicological evidence confirms
its wide safety range (oral LD50 >3 g/kg in
rat (Saraswat et al. 2021).

Pistacia atlantica oleoresin (Saghez),
belonging to the Anacardiaceae family, has
long been wused for digestive and
musculoskeletal disorders (Mahjoub et al.
2018), It contains phenolic acids,
flavonoids, terpenoids, a-pinene, fatty
acids, and sterols that exert antioxidant and
anti-inflammatory effects through
free-radical scavenging and modulation of
nuclear factor kappa B (NF-xB),
cyclooxygenase (COX), and lipoxygenase
(LOX) signaling pathways (Achili et al.
2020; Rahman 2018). Preclinical and
clinical studies have demonstrated reduced
cartilage inflammation, enhanced tissue
repair and improvements in alone or with
stem cell approaches pain and stiffness in
Knee OA (Khamevar et al. 2021; Tanideh
et al. 2021), Moreover, the resin shows
good tolerability and safety up to 5 g/kg in
rats) without any adverse physiological
effects(Al-Qaisi et al. 2025) .

Previous clinical trials with DB in
metabolic disorders reported improvements
in anthropometric and metabolic measures
(weight, waist circumference, alanine
aminotransferase (ALT), cholesterol, low-
density lipoprotein (LDL), and fasting
glucose) without adverse effects, and DB
has been used clinically in metabolic
management (Ardekani et al. 2011,
Emtiazy et al. 2012; Hamidnia et al. 2018;
Hormati et al. 2019; Tooiserkany et al.
2020). However, its oral efficacy in OA has
not been evaluated. Building on the PM
concept that digestive imbalance can
contribute to joint disease (Tooiserkany et
al. 2020), emerging evidence for the gut—
joint axis(Gleason et al. 2022) and the
anti-inflammatory/analgesic properties of
DB constituents, we designed the present
study to assess the safety and clinical

effectiveness of DB for reducing pain and
disability in patients with KOA.

Materials and Methods
Study design

This randomized controlled trial was
conducted at the Rheumatology Clinic of
Shariati Hospital, Tehran, Iran, affiliated
with  Tehran University of Medical
Sciences (TUMS), from August 2020 to
June 2022. The study protocol was
approved by the Research and
Development Committee and the Medical
Ethics Committee of TUMS (reference
number: IR.TUMS.VCR.REC.1398.600.
The trial was registered at the Iranian
Registry of Clinical Trials:
IRCT20190807044470N1.

Participants and sampling method
Eligible participants were male and
female patients aged >40 years (No upper
age limit), with clinically diagnosed knee
osteoarthritis (KOA), and without serious
concomitant diseases (e.g., hypertension,
cardiovascular, renal, or  hepatic
conditions). Diagnosis was based on
American College of Rheumatology (ACR)
clinical criteria (Kolasinski et al. 2020) and
an average pain score of >40 mm on a 100-
mm visual analogue scale (VAS) in the past
month, confirmed by a rheumatologist.
Patients were consecutively recruited
during routine clinical visits using
convenience sampling, followed by random
allocation. All eligible patients, were
screened irrespective of visit days or times
to minimize selection bias and ensure a
representative sample.
Exclusion criteria included pregnancy,
lactation, substance abuse, allergy to the
formulation components, other rheumatic
or joint diseases, vascular or neurological
disorders of lower limbs, recent surgery or
intra-articular treatments (within 6 months),
corticosteroid or anticoagulant therapy in
the past 3 months, creatinine >1 mg/dl or
any conditions necessitating intervention
discontinuation by physician judgment.
Additionally, Patients classified as having a
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hot-dry temperament according to Persian
medicine (Mizaj) and identified as sensitive
to Dava-e-Balgham’s side effects were
excluded, as determined using a validated
questionnaire (Mahboubi 2018;
Salmannezhad et al. 2018; Zarshenas et al.
2013).

Eligible participants received a full
explanation of the study procedures and
provided written informed consent; they
were free to withdraw at any time.

Intervention

Participants were screened through
physical examination and knee radiography
and received oral and written information
about the study and potential side effects
before providing written informed consent.
Following a 2-week washout period during
which, all analgesics were discontinued,
eligible participants were randomly
assigned to either the DB or placebo group.

The intervention group received DB
capsules (one capsule three times daily,
after each meal) for 8 weeks. The control
group received placebo capsules containing
toast powder, identical in appearance and
administered on the same schedule. All
participants were monitored weekly for 16
weeks, including an 8-week post-treatment
follow-up period. Participants in the
placebo group were assured they would
receive the active treatment after trial
completion.

Study medications (active, placebo, and
acetaminophen as rescue medication) were
dispensed by an independent assistant in
identically labeled containers to maintain
blinding. Allocation codes were securely
documented and concealed until study
completion.

Adherence was monitored using patient
diaries, capsule counts, and weekly
telephone reminders. Participants were
instructed to return unused medication at
each visit.

Rescue medicine
Considering overall cost, effectiveness,
and toxicity profile, 500 mg acetaminophen
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tablets (Jameson et al. 2018), were provided
as rescue medicine PRN (maximum of 4
g/day) to be used only during the 8-week
intervention period and recorded in a
patient daily diary. No analgesia was
permitted during the follow-up period
(weeks 8-16).

Drug and placebo preparation
Material preparation

The herbal product was prepared and
standardized in the Department of
Traditional Pharmacy, School of Persian
Medicine, Tehran University of Medical
Sciences. Pistacia atlantica oleoresin was
collected from the Bastak mountains in
Hormozgan. Iran. Seeds of N. sativa, T.
ammi, and leaves of Z. multiflora were
purchased from a reputable herbal store in
Tehran, Iran. Scientific identification and
registration of the plants were confirmed at
the Herbarium Center, School of Pharmacy,
TUMS, with voucher codes: Z.multiflora
(Lamiaceae): PMP 1347, T. ammi L.
Sprague (Apiaceae): PMP 2627, N. sativa
L. (Ranunculaceae): PMP 1719, and P.
atlantica L. (Anacardiaceae): PMP 1822

Formulation and standardization

Herbs were cleaned and powdered
using a mill. N. sativa and T. ammi seeds
(mesh size: 40) and Z. multiflora leaves
(mesh size: 35) were dried at room
temperature in the dark for 24 hr and then
sieved. P. atlantica gum was frozen for 24
hr before powdering. All powdered
materials were stored in dry, light-protected
conditions at 4°C.
Capsule No 1 (DB formulation), contained
a mixture of Z. multiflora, N. sativa, and T.
ammi powders in equal amounts (85 mg
each) along with P. atlantica gum at 0.7
parts (59.5 mg), based on turpentine
content, (in a ratio of 1:1:1:0.7). Powders
were filled into size "tall 0" opaque orange
gelatin capsules. Capsule No. 2 contained
placebo (toast powder derived from refined
white bread, low in fiber and resistant
starch below the minimal effective dose for
prebiotic activity) (Slavin 2013) filled into
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identical capsules (126 mg each). Both
capsules were stored in identical plastic
containers with 42 capsules per container,
sealed to ensure similar odor for blinding.
The botanical quantities and dosages were
selected according to documented
therapeutic ranges in Traditional Persian
Medicine literature (Aghili Khorasani MH.
In: Makhzan-ol-Adviyah [Storehouse of
Medicaments]. Shams Ardakani MR).
Safety and toxicity were evaluated based on
prior clinical studies (Bamosa 2018;
Mahmoudvand et al. 2016; Mandegary et
al. 2013; Saraswat et al. 2021). All DB
capsules were from a single homogeneous
production batch to ensure uniformity.

Phytochemical Analysis of Dava-e-
Balgham

Essential oil was obtained from the
powdered formulation of T. ammi, Z.
multiflora, N. sativa, and Pistacia atlantica
(0.7 part) by hydrodistillation using a
Clevenger-type apparatus for 4 h. The
hydrodistillation process yielded
approximately 2 mL of essential oil per 100
g of raw material. Volatile constituents
were analyzed by GC-MS using to an
Agilent 6890 GC coupled with an Agilent
5973N MS equipped with a BPX5 capillary
column (30 m x 0.25 mm, 0.25 pm).
Helium was used as the carrier gas (0.5
mL/min) with split injection (split ratio
1:35; injection volume 1 pL). The oven
temperature was programmed from 23°C (2
min) to 240°C at 3°C/min, then to 300°C at
15°C/min (3 min). Mass spectra were
recorded in EI mode (70 eV), ion source
temperature 220°C, scan range 40-400 m/z.
Compounds were identified by comparing
retention indices and mass spectra with
Adams, NIST, and Wiley libraries. Total
phenolic and flavonoid contents were
measured spectrophotometrically at 725 nm
and 510 nm, respectively(Haydari et al.
2017; Shamekhi et al. 2017).

Microbial Quality Evaluation of Dava-e-
Balgham

The microbial safety of the polyherbal
formulation Dava-e-Balgham was
evaluated according to Iranian Food and
Drug Administration (IFDA) guidelines.
Total aerobic microbial count (TAMC) and
total yeast and mold count (TYMC) were
determined using standard plate count
methods. The presence of Escherichia coli
and Salmonella spp. was assessed by
selective enrichment and biochemical
confirmation, following pharmacopeial
procedures. Results were expressed as
CFU/g and compared with IFDA
acceptance
limits.: http://www.fda.gov.ir/(Table 1).

Table 1. Microbial quality of Dava-e-Balgham
formulation (clinical trial batch) according to IFDA
criteria.

Acceptance criteria

(IFDA) Result

Microbial test

Total aerobic
microbial count < 1x105 CFU/g
(TAMC)

Total yeast and
mold count
(TYMC)

Bile-tolerant
Gram-negative < 1x10° CFU/g
bacteria

Escherichia coli  Not detected
Salmonella spp.  Not detected

4x10* CFU/g

< 1x10° CFU/g <1x10° CFU/g

1x102 CFU/g

Not detected
Not detected

CFU, colony-forming units; IFDA, Iranian Food and
Drug Administration: Not detected in 10 g

Assessments

Participants were evaluated at baseline
and at weeks 2, 4, 8, 12, and 16 for
symptom changes (adverse events,
treatment  efficacy, and functional
outcomes). The Persian version of the Knee
injury and Osteoarthritis Outcome Score
(KOOS) questionnaire  (Roos  and
Lohmander 2003) and a 100-mm Visual
Analogue Scale (VAS) were used. The
KOOS comprises 42 items across five
domains (Pain, Symptoms, Activities of
Daily Living, Sports/Recreation, and
Quality of Life), scored on a 0-4 Likert
scale and transformed to a 0-100 scale,
with higher scores indicating better
outcomes (fewer symptoms), (Salavati et al.
2008).
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The VAS measured pain intensity (0 =
no pain, 100 = worst imaginable pain) and
satisfaction (0 = completely satisfied, 100 =
completely dissatisfied). Clinical
evaluations were conducted by a blinded
research assistant at all visits. At weeks 2,
8, and 16, a blinded physician performed
physical knee examinations and recorded
both physician- and patient-reported VAS
satisfaction scores.

Medication use, including DB, placebo
and acetaminophen, was documented at
every visit. Adverse events were actively
monitored and recorded throughout the
study.

Radiographic assessment

The severity of KOA was graded using
the Kellgren and Lawrence (KL) scale,
based on tibiofemoral
radiographs(Georgiev et al. 2016). The KL
grading ranges from Grade 1 (doubtful joint
space narrowing [JSN] and osteophyte
formation) to Grade 4 (severe JSN,
sclerosis, and bony deformity). Doubtful
joint space narrowing (JSN) and osteophyte
formation; 2)  Definite  osteophyte
formation and possible JSN (< 50%); 3)
Moderate JSN (50%), multiple osteophytes,
sclerosis and possible bony deformity; and
4) Severe JSN (> 50%), sclerosis and
definite bony deformity. All radiographs
were independently  evaluated by
radiologists blinded to group allocation to
minimize bias.

Sample size

Sample size was calculated using Stata
version 17 and G*Power 3. A primary
sample size of 90 (45 per group) was
estimated to achieve 80% power, with an
effect size of 0.7 and a two-sided
significance level of 0.05 for mean
differences (Huseini et al. 2022;
Salimzadeh et al. 2017). Considering a 20%
attrition rate, 110 patients (55 per group)
were enrolled.

Hadiet al.

Randomization and allocation
concealment

A total of 110 eligible participants were
randomly assigned to two treatment groups
using block randomization. Randomization
lists were generated using randomly
selected block permutation of size four
(AABB, ABAB, ABBA, BBAA, BABA,
and BAAB), with each block containing
two allocations to each group. A total of 27
blocks of four and one block of two were
used. The randomization sequence was
generated by an independent statistician,
not involved in participant recruitment or
group assignment, using Randlist software
(version 1.0). To account for anticipated
attrition, the six  possible  block
permutations were randomly selected to
create 30 blocks. The allocation sequence
was concealed from both participants and
investigators. Allocation concealment was
ensured using sequentially numbered,
opaque, sealed envelopes.

Blinding

patients,  physicians, radiologists,
investigators, outcome assessors and data
analysts were masked to treatment
allocation and study interventions.
Allocation concealment was ensured by
dispensing sequentially numbered, opaque,
sealed containers prepared and coded by the
investigational pharmacy and a blinded
study assistant. The active drug and placebo
were manufactured as identical hard gelatin
capsules to match in size, color, weight, and
odor. Capsules were packaged in identical
containers, labeled only with participant-
specific random codes. Original
manufacturer labels were removed before
dispensing, and treatment codes were
stored in a secure file accessible only to an
unblinded pharmacist until database lock.
The randomization code was broken only
after database lock.

Epub ahead of print 6



Persian herbal formula in knee osteoarthritis

Statistical analysis

Data were analyzed using SPSS
software (version 26). Categorical variables
were summarized as frequencies and
percentages, and continuous variables as
mean = standard deviation (SD) for
numerical data. Baseline characteristics
between groups were compared using the
independent samples t test for continuous
variables and the chi-square test for
categorical variables.

Within-group changes over time and
between-group differences were evaluated
using a repeated measure analysis of
variance (ANOVA) model. All analyses
were conducted according to the intention-
to-treat (ITT) principle. A two-tailed p-
value of <0.05 was considered statistically
significant, and 95% confidence intervals
(CI) were reported where applicable.

Results
Composition and standardization of
Dava-e Balgham

Gas Chromatography—Mass
Spectrometry (GC-MS) analysis identified
21 compounds, accounting for
approximately 95% of the total volatile
content of DB. The major constituents were
thymol (36.95%), carvacrol (18.47%),
trans-verbenol (9.91%), myrtenal (7.14%),
ortho-cymene  (5.74%), and trans-
pinocarveol (4.02%), with thymol and
carvacrol together accounting for nearly
50% of the total composition (Table 2).

Standardization of the DB preparation
was performed based on total phenolic and
flavonoid contents. Total phenolic content
was 197.62 + 8.30 mg of thymol equivalent
per gram of extract, and total flavonoid
content was 271.36 = 39.95 mg of rutine
equivalent per gram of extract.
Measurements were carried out using a
spectrophotometer at wavelengths of 725
nm (for phenols) and 510 nm (for
flavonoids), following established
protocols (Haydari et al. 2017; Shamekhi
etal. 2017)

Table 2. Chemical composition of volatile oil
components of Dava-e Balgham (identified by
GC/MS analysis)

Retention

P
o

Compound Percentage %

Index(min)

1  a-Pinene 11.60 1.92
2 Camphene 12.49 0.16
3 Verbenene 12.72 0.56
4 ortho-Cymene 16.50 5.74
5 1.8-Cineole 16.86 0.17
6  y-Terpinene 18.19 1.36
7 Linalool 20.41 1.59
8  trans-Pinocarveol 22.65 4.02
9  trans- Verbenol 22.91 9.91
10  Camphor 23.06 0.37
11  trans- pinocamphone  23.69 0.73
12 Terpinen-4-ol 23.61 0.44
13 Cymen-8-ol 25.09 1.68
14 Thuj-3-en-10-al 25.48 0.73
15  Myrtenal 26.14 7.14
16  trans-Carveol 26.58 0.78
17 Thymol,methyl ether  27.28 0.73
18  Carvone 27.87 0.50
19  Isobornyl formate 29.42 0.59
20 Thymol 30.06 36.95
21 Carvacrol 30.42 18.47

Total Identified 94.54

Study flow

A total of 166 patients with knee
osteoarthritis (KOA) were screened for
eligibility. Of these, 56 were excluded
before to randomization for the following
reasons: not meeting inclusion criteria (n =
21), presence of other types of arthritis (n =
4), declined to participate (n = 16), and
withdrawal before receiving DB or placebo
(n =15).

After a 2-week washout period, 110
eligible participants (mean age: 58 + 9.8
years) were randomly allocated to the DB
group (n = 55) or the placebo group (n =
55). During the intervention and follow-up
period, 11 participants withdrew from the
study (reasons are detailed in Figure 1).
Participants who withdrew resumed their
previous standard treatment.

Ultimately, 48 participants in the DB
group and 51 in the placebo group
completed the trial and were included in the
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analysis. Overall, 86 (86.9%) were women
and 13 (13.1%) were men. The CONSORT
flow diagram illustrating recruitment,
randomization, exclusions, and follow-up is
presented in Figure 1.

Convenience sampling was used from
the clinic population; no stratified sampling

Enrollment

was applied. Although the proportion of
women was higher in both groups (91.7%
in the DB group and 82.2% in the placebo
group), this difference was not statistically
significant.

Assessed for enrollment (n=166)

Excluded from study (n=41)

. Non meeting inclusion criteria ( n=21)

. Declined to participate (n=16)
. Other arthritis (n=4)

Referred for radiography and lab tests

(n=125)

!

Run-in phase (2 weeks)

Lost before receiving |
DB/Placebo (n=15) L

After run-in phase all subjects
¢« must wash out at least 2
weeks to take any analgesic

Sequential Randomization

(n=110)

J’ Allocation ~I'
Allocated to DB (n=55) Allocated to Placebo (n=55)
. Received allocated intervention (n=55) . Received allocated intervention (n=55)
*L Follow up J»
Lost to follow up (n=3) Lost to follow up (n=2)
. Personal - Travel - COVID19 . Personal - Travel - COVID19
Hospitalization (unrelated to medicine)
Discontinued intervention (n=3)
. Moderate knee stiffness (n=2) Discontinued intervention (n=2)
- Bloating (n=1) . Heartburn (n=1)
. Lack of treatment success (n=1)
‘l’ Study completion J’
Completed the study (n=49) Completed the study (n=51)
l Analysis J’

Statistically analyzed (n=48)
. Excluded from analysis (failed to deliver

KOOS questionnaire (n=1)

Statistically analyzed (n=51)

. Excluded from analysis (n=0)

Figure 1. Flow diagram of the study (distribution of participants)

Demographic characteristics and study
covariates

Baseline demographic characteristics and
study covariates are presnted in Table 3. No
statistically significant differences were
observed between the DB and placebo
groups (p>0.05). regarding age (p =0.237),
sex distribution (p=0.170), BMI (p =
0.880), baseline VAS pain scores (p
0.137), or KOOS subscales, including
Symptoms (p = 0.771), Pain (p = 0.375),
Activities of Daily Living (p = 0.262),
Sports and Recreation (p = 0.378), and

Quiality of Life (p = 0.275). Although most
participants were women, the sex
distribution did not differ significantly
between groups.

Clinical outcomes

summarize
changes in KOOS subscale and VAS pain
scores during the study. At week 8, the DB
group reported significantly lower VAS
pain scores than the placebo group (42.66 +
17.06 vs 61.37 + 14.07; p<0.001), with a
mean between-group difference of 2.95
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(95% CI: 1.42-3.16). Both groups showed
significant within-group improvements in
KOOS subscale scores over time (p<0.001),
but improvements were more pronounced
in the DB group, particularly at week 8 and
sustained through week 16.

Between-group comparisons at the end
of the intervention revealed significant
differences across all KOOS domains
(p<0.001), especially for Pain, Activities of

Daily Living, Sports/Recreation, and
Quality of Life. Clinical knee examinations
(crepitation, heel-to-thigh test, and flexion
contracture) also differed significantly
between the groups at week 8 (Table 5).
Additionally, acetaminophen consumption
was lower in the DB group than in the
placebo (median weekly doses: 3 vs. 13,
respectively).

Table 3. Baseline characteristics of the Knee osteoarthritis patients (comparison between the two study

groups) (n=99)

Variables

Dava-e-balgham (DB) group (n = 48)

Placebo group (n =51)

Age, years (Mean * SD)
Gender, female n (%)

BMI, kg/m2 (Mean + SD)
KOOS scores ( Mean + SD)
Mean KOOS pain

Mean KOOS other symptoms

Mean KOOS activity of daily living
Mean KOOS sport and recreation

Mean KOOS quality of life

Dyspepsia (Intensity ) Mean + SD

56.28 (8.68)
44 (91.7 %)
28.37 (3.82)

55.79 (20.01)
54.64 (19.00)
57.07 (18.73)
36.06 (18.12)
34.84 (18.65)
8.67(7.86)

Global patient assessment of pain intensity before

treatment (VAS) Mean + SD

56.17 (17.17)

Kellgren and Lawrence score, n (valid %)

1 23(479%)

58.41 (10.34)
42 (82.4 %)
2851 (5.16)

52.61 (14.87)
55.67 (16.20)
53.26 (14.61)
32.84 (17.84)
31.00 (15.91)
7.76(6.22)

60.59 (11.69)

21 (41.2%)

2 21(43.75%) 25 (49% )

3 4(84%) 5(9.8%)
physical examination (visit 1) Mean + SD
Crepitus RT 1.17 (0.48) 1.14 (0.45)
Crepitus LT 1.13(0.49) 1.16 (0.42)
Patellofemoral test RT 0.79 (0.46) 0.72(0.45)
Patellofemoral test LT 0.72 (0.50) 0.72(0.45)
Tibio femoral tenderness RT 0.43 (0.58) 0.20 (0.40)
Tibio femoral tenderness LT 0.49 (0.59) 0.26 (0.49)
Flexion contracture RT 0.79 (1.89) 1.02 (2.39)
Flexion contracture LT 1.09 (2.15) 1.14 (2.51)
Bony swelling RT 0.17 (0.43) 0.24 (0.48)
Bony swelling LT 0.32(0.52) 0.28 (0.54)
Bony enlargement RT 0.85( 0.42) 0.92 (0.34)
Bony enlargement LT 0.85(0.42) 0.94 (0.37)
heel to thigh test RT 10.19 (7.62) 11.42 (7.40)
heel to thigh test LT 13.21 (8.39) 11.88 (8.04)
Alignment (Varus ) 0.28 (0.45) 0.30(0.46)
Alignment (Valgus) 0.04 (0.20) 0.06 (0.24)

KOQOS, knee injury and osteoarthritis outcome score; BMI, body mass index; SD, standard deviation. Mean +
Standard deviation (SD); n (%); RT, right low extremity; LT, left low extremity; heel to thigh test, leg flexibility
test; alignment (Varus), inward knee angulation test; alignment (Valgus), out ward knee angulation test
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[BEBIE Comparison of clinical outcomes of KOA patients between DB (n = 48) and Placebo (n = 51) groups,
(sixteen-week changes)

KOOS scores as change Group
. p-value for p-value for
from base line, mean (SD) Week Dava-e Balgham Placebo group o
within group between group
group mean (SD) . .
difference difference
mean (SD)
KOOS Pain 0 55.79 (20.01) 52.61 (14.87)
2 66.84 (18.60) 58.55 (14.90)
4 72.34 (16.24) 56.70 (12.96)
<0.001 0.002
8 70.98 (17.43) 53.81(13.13)
12 65.13 (21.03) 47.93 (14.04)
16 60.82 (16.71) 45.75 (14.92)
KOOS other Symptoms 0 54.64 (19.00) 55.67 (16.20)
66.79 (17.09) 59.80 (15.38)
4 71.96 (16.28) 59.31 (14.81)
<0.001 0.021
71.73 (16.02) 56.09 (14.29)
12 68.31 (17.91) 53.01 (15.02)
16 63.60 (18.97) 51.26 (15.30)
KOOS ADL 0 57.07 (18.73) 53.26 (14.61)
67.55 (16.19) 59.54 (14.82)
4 71.12 (17.01) 57.41 (14.43)
<0.001 0.002
71.06 (15.52) 55.16 (12.64 )
12 67.37 (16.77) 49.88 (13.751)
16 61.73 (17.67) 48.07 (14.15)
KOOS Sport/Rec 0 36.06 (18.12) 32.84 (17.84)
48.83 (17.55) 38.63(20.03)
4 52.02 (16.74) 38.82 (19.17)
<0.001 0.012
50.21 (16.91) 34.80(18.411)
12 46.28 (18.95) 29.80 (17.43)
16 41.28 (18.04) 28.82 (17.57)
KOOS QOL 0 34.84 (18.65) 31.00 (15.91)
44.41 (19.38) 33.70 (16.30)
4 49.07 (20.52) 33.46 (15.20)
<0.001 0.003
47.34 (20.43) 30.76 (15.10)
12 43.88 (17.84) 26.96 (14.92)
16 40.16 (17.28) 25.74 (14.82)
VAS 0 56.17 (12.91) 60.59 (11.70)
43.40 (19.73) 55.78 (9.29)
4 35.64 (20.15) 55.49 (9.81)
35.21 (19.48) 56.57 (10.22) <0.001 0.001
12 38.79 (17.77) 59.31 (13.31)
18 42.66 (17.06) 61.37 (14.07)

KOQOS, knee injury and osteoarthritis outcome score; mean + standard deviation (SD); ADL, activities of daily
living; sport/rec, sport and recreation; QOL, quality of life; VAS, visual analogue scale; global patient assessment
of efficacy of treatment
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Table 5. Effect of different supplementations on clinical knee examinations “Dava-e balgham” vs “placebo”

(sixteen-week changes)

Hadiet al.

Variable Time (weeks)  Dava-e-balgham Placebo
Mean (SD) Mean (SD) p-Value
Crepitus (RT) 8 0.83 (0.53) 1.08 (0.35) 0.006
16 0.88 (0.46) 1.14 (0.43) 0.012
Crepitus (LT) 8 0.91 (0.35) 1.13 (0.39) 0.007
16 0.93 (0.42) 1.11 (0.40) 0.050
Tibiofemoral tenderness RT 8 0.13(0.34) 0.15(0.41) 0.844
16 0.15 (0.36) 0.23(0.43) 0.39
Tibiofemoral tenderness LT 8 0.17 (0.38) 0.23 (0.47) 0.536
16 0.13(0.34) 0.23(0.49) 0.284
Bony swelling (RT) 8 0.02 (0.15) 0.19 (0.40) 0.009
16 0.05 (0.22) 0.29 (0.52) 0.011
Bony swelling (LT) 8 0.15(0.42) 0.29(0.54) 0.169
16 0.15(0.36) 0.26 ( 0.51) 0.29
Heel-to-thigh test (RT) 8 4.98 (5.02) 10.25 (6.40) <0.001
16 5.51 (5.13) 9.83(7.20) 0.004
Heel-to-thigh test (LT) 8 6.89 (6.49) 10.08 (6.58) 0.020
16 6.36 (6.05) 10.26 (7.23) 0.014
Patellofemoral test (RT) 8 0.8(0.40) 0.77 (0.43) 0.695
16 0.8(0.41) 0.66 (0.48) 0.167
Patellofemoral test (LT) 8 0.76 (0.43) 0.77 (0.43) 0.91
16 0.75(0.44) 0.66 (0.48) 0.385
Flexion contracture (RT) 8 0.09 (0.29) 0.73 (1.95) 0.030
16 0.25 (0.87) 0.97 (2.24) 0.064
Flexion contracture (LT) 8 0.11 (0.32) 0.98 (2.30) 0.013
16 0.3(0.88) 1.34(3.33) 0.06
Alignment (Varus) 8 0.26 (0.44) 0.27 (0.45) 0.914
16 0.23(0.43) 0.29 (0.46) 0.595
Alignment (Valgus) 8 0.04 (0.21) 0.02 (0.15) 0.55
16 0.05(0.22) 0.09 (0.28) 0.543

The values are means (SD). * p-value of paired t-test, p-value <0.05 was considered as significant; RT, right;

LT, left;

Safety measures and adverse events

Adverse events (AEs) were reported in
6 of 55 patients (10.9%) in the DB group
and 5 of 55 patients (9.1%) in the placebo
group (p = 1.00), mostly mild and transient.
Treatment discontinuation due to AEs
occurred in 3 DB patients (moderate knee
stiffness, n=2; moderate bloating, n=1) and
1 placebo patient (mild heartburn) (p =
0.62). There were no between-group
differences in specific AEs, (e.g., heartburn
p = 0.62; knee stiffness p = 1.00), and no
severe treatment-related AEsS  were
reported. One hospitalization occurred in
each group, both wunrelated to the
intervention (Figure 1).

Discussion

This study evaluated the efficacy of an
8-week treatment with a Persian medicine-
based polyherbal formulation, “Dava-e-
Balgham” (DB) comprising Zataria
multiflora, Trachyspermum ammi, Nigella

sativa and Pistacia atlantica in patients with
knee osteoarthritis (KOA). To our
knowledge, this is the first randomized
controlled trial (RCT) assessing the
therapeutic effects of this specific
combination on KOA symptoms.
Participants were randomized to
received either DB or placebo. Both groups

exhibited significant within-group
improvements across all five KOOS
subscales by week 4. However,

improvement in the DB group were more
sustained. At the end of the intervention,
KOOQOS scores in the DB group remained
significantly improved better than baseline,
with effects persisting throughout the 8
week follow up period, although with a
mild decline. In contrast, the placebo group
showed early improvements  that
diminished by weeks 12 and 16, with
KOOS scores returning toward baseline
levels. This transient response in the
placebo group likely reflects non-specific
trial-related effects (e.g., expectation bias
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or Hawthorne effect), consistent with
patterns observed in similar KOA trials
(Salimzadeh et al. 2017).

GC/MS analysis of DB identified 21
volatile compounds, with thymol (36.95%)
and carvacrol (18.47%) as the major
constituents. These monoterpenes possess
well-established anti-inflammatory,
antioxidant, and analgesic properties
relevant to the osteoarthritis (OA)
pathophysiology (Chircov et al. 2021).
Thymol  reduces key inflammatory
mediators ( IL-1B, TNF-a, and COX-2) and
exerts antioxidant effect through free
radical scavenging and enhancement of
endogenous defenses (Hosseinzadeh et al.,
2015; Marchese et al., 2016). Carvacrol
demonstrates chondroprotective activity in
vitro and in vivo by inhibiting matrix
metalloproteinases (MMPs) and
proinflammatory cytokines involved in
cartilage degradation (Hotta et al., 2010;
Elbossaty, 2017).

Notably, thymol and carvacrol may act
synergistically within polyherbal
formulations, enhancing their
pharmacological effects via multi-target
mechanisms (Sharifi-Rad et al., 2018).
Given their high abundance in DB, these
compounds likely play a central role in the
observed pain relief and functional
improvements.

Many participants in the Dava-e-
balgham (DB) group reported rapid
symptom improvement often within the
first week. This early onset may be
attributable to the pharmacokinetic profile
of Thymol and carvacrol, lipophilic low-
molecular-weight monoterpenes that are
rapidly absorbed from the gastrointestinal
tract, with detectable plasma within 1-2
hours post-ingestion (Mason et al. 2017).
Although these compounds may distribute
to joint tissues, their bioavailability in
synovial fluid requires further confirmation
in human studies.

Supporting evidence highlights the anti-
inflammatory ~ potential of DB’s
phytochemicals constituents
(Benmahieddine et al. 2023; Ghamari et al.

2023; Korani and Jamshidi 2020; Saei-
Dehkordi et al. 2010). Bioactive
metabolites in these herbs modulate
inflammatory cytokines, a recognized
strategy in OA management (Tripathi et al.
2017). DB is rich in flavonoids and
phenolic  compounds  with  potent
antioxidant and anti-inflammatory
activities, which have also been implicated
in  mitigating chronic  inflammation
associated with obesity and diabetes
(Hamidnia et al. 2018; Hormati et al. 2019).
Phenolic compounds scavenge free
radicals, thereby attenuating oxidative
stress mechanisms central to degenerative
joint diseases (Paesa et al. 2025).
Flavonoids from P. atlantica inhibit
inflammatory enzymes such as MMPs
partly through suppression of NF-xB
signaling in chondrocytes (Tolooei and
Mirzaei 2015), potentially fostering an anti-
inflammatory environment conducive to
chondrogenesis and tissue repair (Tanideh
et al. 2021). While topical P. atlantica
oleoresin has shown efficacy in OA
symptom relief (Khamevar et al. 2021), oral
administration in KOA patients had not
been previously evaluated.

The analgesic and anti-inflammatory
properties of T. ammi, both alone and in
combination with Curcuma longa, have
been validated in experimental OA models.
T. ammi has reversed OA symptoms and
even restored radiographic scores to
baseline (Kellgren-Lawrence grade 0)
(Khan et al. 2016), with efficacy
comparable to morphine in certain settings
(Al-Khazraji 2018). Nigella sativa, another
component of DB, has demonstrated safety
and efficacy in reducing pain and
inflammation in OA (Huseini et al. 2022).
With meta-analyses indicating reductions
in malondialdehyde (MDA) and C-reactive
protein (CRP) levels; Its key constituent,
thymoquinone, suppresses pro-
inflammatory mediators (COX-2, TNF-a,
IL-1B, and IL-6) while enhancing anti-
inflammatory cytokines (IL-4, IL-10)
(Kavyani et al. 2023). Also, Zataria
multiflora, rich in thymol and carvacrol,
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provides additional antioxidant and anti-
inflammatory benefits (Khazdair et al.
2018). Thymol, has been reported to
downregulate inflammatory markers such
as CRP, IL-1B, IL-6, TNF-a, and MMP-9.
Together with carvacrol, it exerts strong
anti-inflammatory and antioxidant effects
(Chircov et al. 2021)

A key strength of this trial is the
sustained symptom relief in the DB group,
even after treatment cessation, contrasting
with the placebo group’s decline after week
4. Although the rapid onset of DB’s effect
is consistent with its anti-inflammatory
pharmacodynamics. this prolonged benefit
may reflect broader modulation of OA
pathophysiology (Wang et al. 2016; Yang
et al. 2023), potentially through persistent
inhibition of NF-kB and COX-2 pathways
(Ferraz et al. 2020; Ye and Zhou 2023),
reduced gut microbiota-mediated systemic
effects (Santino et al. 2017), or joint
oxidative stress (Pal et al. 2023). though the
latter remains hypothesis-generating and
warrants further investigation.

Despite these encouraging results,
several limitations should be
acknowledged. The study was single-center
with a prolonged recruitment period due to
the COVID-19 pandemic. Radiographic
assessments were not included owing to the
relatively short duration. Additionally,
baseline disease duration was not recorded,
potentially confounding results as both
early and chronic cases were enrolled.
Although the placebo consisted of inert
toast powder, future studies should employ
metabolically inert comparators to exclude
possible prebiotic effects. Finally, with
87% female participants, generalizability to
male patients is limited, and sex-specific
responses (e.g., hormonal influences on
inflammation) merit exploration.

In conclusion, “Dava-e-Balgham “(DB)
appears to alleviate pain, inflammation, and
mobility limitations while enhancing
quality of life in patients with mild to
moderate  KOA. its  affordability,
accessibility, and favorable safety profile
position it as a promising complementary

Hadiet al.

option to  conventional  therapies.
Nevertheless, larger multicenter RCTs
incorporating clinical, biomarker, and
radiological outcomes are essential to
confirm efficacy, elucidate bioavailability,
and establish long-term safety.

Acknowledgment
The authors thank all participants for
participating in this study.

Conflicts of interest

The authors declare that they have no
known competing financial interests or
personal relationships that could have
appeared to influence the work reported in
this paper.

Funding

This research was supported by Tehran
University of Medical Sciences for the
extraction and formulation of medicinal
plant compound and the development of the
study drug (Grant No: 42732)

Ethical Considerations

It was approved by the Medical Ethics
Committee of Tehran University of
Medical Sciences

Code of Ethics
IRTUMS.VCR.REC.1398.600

Authors' Contributions

Study concept and design: F.H, F N,
M.A. Acquisition of data: F.H, K.K, and
M.A. Analysis and interpretation of data:
F.H, LS, and M.A.Z. Drafting of the
manuscript: F.H, M.A.Z, and L.S.
Administrative, technical, and material
support: M.M, M.A, and F.N. Study
supervision: M.A and F.N

References
Aghili  Khorasani MH(2009) Makhzan-ol-
Adviyah [Storehouse of Medicaments].In:
Shams Ardakani MR, Rahimi R,
Farjadmand F (eds). Tehran University of
Medical Sciences,Tehran

Epub ahead of print 14


https://ethics.research.ac.ir/PortalProposalList.php?code=IR.TUMS.VCR.REC.1398.600&title=&name=&stat=&isAll=

Persian herbal formula in knee osteoarthritis

Achili I, Amrani A, Bensouici C, et al. (2020)
Chemical constituents, antioxidant,
anticholinesterase and antiproliferative
effects of Algerian Pistacia atlantica Desf.
extracts. Recent Pat Food Nutr Agric
11(3):249-256

Ahmad A, Husain A, Mujeeb M, et al. (2013) A
review on therapeutic potential of Nigella
sativa: A miracle herb. Asian Pac J Trop
Biomed 3(5):337-352

Al-Khazraji SM (2018) The pain decreasing
effect of the alcoholic extract of
Trachyspermum ammi (L.)(Ajwain) in
experimental animals. Int J ChemTech Res
10:632-639

Al-Qaisi TS, Jabbar AA, Raouf MMHM, et al.
(2025) A Traditional Gum Exudate From
Pistacia atlantica Ameliorates Etha-Nol-
Mediated Gastric Ulcer in Rats: Possible
Molecular Mechanisms. Food Sci Nutr
13(3):e70049

Ardekani MRS, Rahimi R, Javadi B, Abdi L,
Khanavi M (2011) Relationship between
temperaments of medicinal plants and their
major chemical compounds. J Tradit Chin
Med 31(1):27-31

Asif HM, Sultana S, Akhtar N (2014) A
panoramic view on phytochemical,
nutritional, ethanobotanical uses and
pharmacological values of Trachyspermum
ammi Linn. Asian Pac J Trop Biomed
4:5545-S553

Bamosa A (2018) Nigella sativa is a safe herbal
product. J Integr Med 12(1):66-66

Benmahieddine A, Belyagoubi-Benhammou N,
Belyagoubi L, et al. (2023) Leaf-buds of
Pistacia atlantica: A novel source of
bioactive molecules with high anti-
inflammatory, antioxidant, anti-tyrosinase
and antimicrobial properties. Physiol Mol
Biol Plants 29(2):209-219

Chircov C, Miclea Il, Grumezescu V,
Grumezescu AM (2021) Essential oils for
bone repair  and regeneration—
Mechanisms and applications. Materials
14(8):1867

Chow YY, Chin K-Y (2020) The role of
inflammation in the pathogenesis of
osteoarthritis. Mediators Inflamm
2020(1):8293921

Dainese P, Wyngaert K, De Mits S, Wittoek R,
Van Ginckel A, Calders P (2022)
Association between knee inflammation
and knee pain in patients with knee

osteoarthritis: a  systematic  review.
Osteoarthritis Cartilage 30(4):516-534

Dutta P, Sarma N, Saikia S, Gogoi R, Begum T,
Lal M (2021) Pharmacological activity of
Trachyspermum ammi L. seeds essential
oil grown from Northeast India. J Essent
Oil Bear Plants 24(6):1373-1388

Emtiazy M, Keshavarz M, Khodadoost M, et al.
(2012) Relation between body humors and
hypercholesterolemia: An Iranian
traditional medicine perspective based on
the teaching of Avicenna. Iran Red
Crescent Med J 14(3):133

Ferraz CR, Carvalho TT, Manchope MF, et al.
(2020) Therapeutic potential of flavonoids
in pain and inflammation: mechanisms of
action, pre-clinical and clinical data, and
pharmaceutical development. Molecules
25(3):762

Georgiev T, Stoilov R, Penkov M, lvanova M,
Trifonov A (2016) Radiographic
assessment of  knee  osteoarthritis.
Revmatologiia (Bulg) 24(2):16-24

Ghamari M, Salari M, Khodashahi M (2023)
Role of Nigella sativa L. in the
Management  of  Osteoarthritis: A
Systematic Review. Tradit Integr Med
8(3):278-291

Gholamnezhad Z, Havakhah S, Boskabady MH
(2016) Preclinical and clinical effects of
Nigella sativa and its constituent,
thymoquinone: A review. J
Ethnopharmacol 190:372-386

Gleason B, Chisari E, Parvizi J (2022)
Osteoarthritis can also start in the gut: the
gut—joint Axis. Indian J Orthop 56(7):1150-
1155

Guan VX, Mobasheri A, Probst YC (2019) A
systematic  review of  osteoarthritis
prevention and management with dietary
phytochemicals from foods. Maturitas
122:35-43

Hamidnia L, Nematy M, Salari R, Taghipour A,
Motavasselian M (2018) Comparing the
efficacy of therapeutic packages in Persian
Medicine with Classical Medicine in
overweight patients: a randomized clinical
trial. Electron Physician 10(6):6892

Haydari MR, Panjeshahin MR, Mashghoolozekr
E, Nekooeian AA (2017) Antihypertensive
effects of hydroalcoholic extract of
crataegus azarolus subspecies aronia fruit
in rats with renovascular hypertension: an
experimental mechanistic study. Iran J Med
Sci 42(3):266

Epub ahead of print 15



Hormati A, Tooiserkany F, Mohammadbeigi A,
Aliasl F, Dehnavi HM (2019) Effect of an
herbal product on the serum level of liver
enzymes in patients with non-alcoholic
fatty liver disease: A randomized, double-
blinded, placebo-controlled trial. Iran Red
Crescent Med J 21(7)

Huseini HF, Mohtashami R, Sadeghzadeh E,
Shadmanfar S, Hashem-Dabaghian F,
Kianbakht S (2022) Efficacy and safety of
oral Nigella sativa oil for symptomatic
treatment of knee osteoarthritis: A double-
blind, randomized, placebo-controlled
clinical trial. Complement Ther Clin Pract
49:101666

Ibn-e-sina A (2005) Al-Qanun fi al-Tibb[The
Canon of Medicine],vol 3. Alaalami Beirut
library Press, Beirut

Jameson JL, Kasper DL, Fauci AS, Hauser SL,
Longo DL, Loscalzo J (2018) Harrison's
principles of internal medicine. McGraw-
Hill Education, New York

Kavyani Z, Musazadeh V, Golpour-Hamedani S,
Moridpour AH, Vajdi M, Askari G (2023)
The effect of Nigella sativa (black seed) on
biomarkers of inflammation and oxidative
stress: an updated systematic review and
meta-analysis of randomized controlled
trials. Inflammopharmacology 31(3):1149-
1165

Khamevar A, Ebrahimzadeh MA, Moosazadeh
M, et al. (2021) Effectiveness of Pistacia
atlantica on older adult knee osteoarthritis,
a randomized triple blind clinical trial.
Phytother Res 35(9):5125-5132

Khan TA, Shakir L, Zaidi AA, Ali A (2016)
Efficacy and Safety Assessment of
Curcuma Longa (L.) And Trachyspermum
Ammi (L.) In Experimentally Induced
Osteoarthritis Rabbit Model. Bull Environ
Pharmacol Life Sci 5:54-64

Khazdair MR, Ghorani V, Alavinezhad A,
Boskabady MH (2018) Pharmacological
effects of Zataria multiflora Boiss L. and its
constituents  focus on their anti-
inflammatory, antioxidant, and
immunomodulatory effects. Fundam Clin
Pharmacol 32(1):26-50

Kolasinski SL, Neogi T, Hochberg MC, et al.
(2020) 2019 American College of
Rheumatology/Arthritis Foundation
guideline for the management of
osteoarthritis of the hand, hip, and knee.
Anrthritis rheumatol 72(2):220-233

Hadiet al.

Korani M, Jamshidi M (2020) The effect of
aqueous extract of trachyspermum ammi
seeds and ibuprofen on inflammatory gene
expression in the cartilage tissue of rats
with collagen-induced arthritis. J Inflamm
Res:133-139

Mahboubi M (2018) Natural therapeutic
approach of Nigella sativa (Black seed)
fixed oil in management of Sinusitis. Integr
Med Res 7(1):27-32

Mahjoub F, Rezayat KA, Yousefi M, Mohebbi
M, Salari R (2018) Pistacia atlantica Desf.
A review of its traditional uses,
phytochemicals and pharmacology. J Med
Life 11(3):180

Mahmoudvand H, Kheirandish F, Ghasemi Kia
M, Tavakoli Kareshk A, Yarahmadi M
(2016) Chemical composition,
protoscolicidal effects and acute toxicity of
Pistacia atlantica Desf. fruit extract. Nat
Prod Res 30(10):1208-1211

Mandegary A, Sharififar F, Abdar M (2013)
Anticonvulsant effect of the essential oil
and methanolic extracts of Zataria
multiflora Boiss. CNS Agents Med Chem
13(2):93-97

Mason SE, Mullen KA, Anderson KL,
Washburn SP, Yeatts JL, Baynes RE
(2017) Pharmacokinetic analysis  of
thymol, carvacrol and diallyl disulfide after
intramammary and topical applications in
healthy organic dairy cattle. Food Addit
Contam Part A 34(5):740-749

Nazari A, Mahmazi S, Sahraian Z (2018)
Evaluation  of  Zataria  multiflora
Boiss.(Shirazi  Thyme) hydroalcoholic
extract effect on proinflammatory cytokine
IL-6 different transcript variants expression
level in mesenchymal stem cells (MSCs).
Gene Cell Tissue 5(4)

Organization WH (2013) WHO traditional
medicine strategy: 2014-2023. World
Health Organization, Geneva

Paesa M, Izquierdo MD, Remirez de Ganuza C,
Ferreira-Santos P, Rodriguez-Yoldi MJ,
Mendoza G (2025) Unveiling the
therapeutic  potential  of  phenolic
compounds from Boletus edulis in
osteoarthritis  treatment. Sci  Rep
15(1):24865

Pal R, Kumar L, Anand S, Bharadvaja N (2023)
Role of natural flavonoid products in
managing  osteoarthritis. Rev  Bras
Farmacogn 33(4):663-675

Epub ahead of print 16



Persian herbal formula in knee osteoarthritis

Pasalar M (2021) Persian medicine as a holistic
therapeutic approach. Curr Drug Discov
Technol 18(2):159-159

Pasalar M, Zarshenas M, Lankarani K (2014)
Good Digestion is a Key Element for
Healthy Hearts: An Appealing Concept
from Avicenna's Viewpoint. J Med
Hypothesis. Discove Innovati Interdisipli
SciJ 1(2)

Paul S, Dubey R, Maheswari D, Kang SC (2011)
Trachyspermum ammi (L.) fruit essential
oil influencing on membrane permeability
and surface characteristics in inhibiting
food-borne pathogens. Food Control
22(5):725-731

Rahman HS (2018) Phytochemical analysis and
antioxidant and anticancer activities of
mastic gum resin from Pistacia atlantica
subspecies  kurdica. Onco  Targets
Ther:4559-4572

Ribeiro H, Rodrigues I, Napoledo L, et al. (2022)
Non-steroidal anti-inflammatory  drugs
(NSAIDs), pain and aging: Adjusting
prescription to patient features. Biomed
Pharmacother 150:112958

Roos EM, Lohmander LS (2003) The Knee
injury and Osteoarthritis Outcome Score
(KOOS): from joint injury to osteoarthritis.
Healh Qual Life Outcomes 1(1):64

Saei-Dehkordi SS, Tajik H, Moradi M, Khalighi-
Sigaroodi F (2010) Chemical composition
of essential oils in Zataria multiflora Boiss.
from different parts of Iran and their radical
scavenging and antimicrobial activity.
Food Chem Toxicol 48(6):1562-1567

Salavati M, Mazaheri M, Negahban H, et al.
(2008) Validation of a Persian-version of
Knee injury and Osteoarthritis Outcome
Score (KOQOS) in lIranians with knee
injuries. Osteoarthritis Cartilage
16(10):1178-1182

Salimzadeh A, Ghourchian A, Choopani R,
Hajimehdipoor H, Kamalinegjad M,
Abolhasani M (2017) Effect of an orally
formulated processed black cumin, from
Iranian traditional medicine
pharmacopoeia, in relieving symptoms of
knee  osteoarthritiss a  prospective,
randomized, double-blind and placebo-
controlled clinical trial. Int J Rheum Dis
20(6):691-701

Salmannezhad H, Mojahedi M, Ebadi A, et al.
(2018) Design and validation of Mizaj
identification questionnaire in Persian

medicine. Iran Red Crescent Med J
20(11):9

Santino A, Scarano A, De Santis S, De
Benedictis M, Giovinazzo G, Chieppa M
(2017) Gut microbiota modulation and anti-
inflammatory  properties of  dietary
polyphenols in IBD: New and consolidated
perspectives. Curr Pharm Des 23(16):2344-
2351

Saraswat N, Sachan N, Chandra P (2021) Acute
and sub-acute toxicity studies and
pharmacodynamic studies of standardized
extract of Trachyspermum ammi (L.)
Sprague (fruits) against chemically induced
inflammation in rats. Curr Drug Discov
Technol 18(5):18-37

Shamekhi Z, Amani R, Habibagahi Z, Namjoyan
F, Ghadiri A, Saki Malehi A (2017) A
Randomized,  double-blind,  placebo-
controlled clinical trial examining the
effects of green tea extract on systemic
lupus erythematosus disease activity and
quality of life. Phytother Res 31(7):1063-
1071

Shirzad M, Mosaddegh M, Minaii B, Nasrabadi
AN, Ahmadian-Attari MM (2013) The
relationship between heart and stomach in
Iranian traditional medicine: a new concept
in cardiovascular disease management. Int
J Cardiol 165(3):556-557

Slavin J (2013) Fiber and prebiotics:
mechanisms and health benefits. Nutrients
5(4):1417-1435

Tanideh N, Borzooeian G, Lotfi M, et al. (2021)
Novel strategy of cartilage repairing via
application of P. atlantica with stem cells
and collagen. Artif Organs 45(11):1405-
1421

Tolooei M, Mirzaei A (2015) Effects of Pistacia
atlantica extract on erythrocyte membrane
rigidity, oxidative stress, and
hepatotoxicity induced by CCls in rats.
Glob J Health Sci 7(7):32

Tooiserkany F, Aliasl J, Aliasl F (2020) Dava al-
Balgham: One of the Traditional Iranian
Medicine Products. Herb Med J 5(2):85-89

Tripathi RK, Vaidya PH, Raote S, et al. (2017)
Efficacy and safety evaluation of myostaal
forte, a polyherbal formulation, in
treatment of knee osteoarthritis: a
randomised controlled pilot study. J Clin
Diagn Res 11(10)

Umar S, Asif M, Sajad M, et al. (2012) Anti-
inflammatory and antioxidant activity of
Trachyspermum ammi seeds in collagen

Epub ahead of print 17



induced arthritis in rats. Int J Drug Dev Res
4(1):210-219

Walker JL, Hosseinzadeh P, White H, et al.
(2019) Idiopathic Genu Valgum and lIts
Association With Obesity in Children and
Adolescents. J Pediatr Orthop 39(7):347-
352

Wang P, Zhang F, He Q, et al. (2016) Flavonoid
compound icariin  activates hypoxia
inducible factor-l1a in chondrocytes and
promotes articular cartilage repair. PLoS
One 11(2):e0148372

Yang J, Zhang L, Ding Q, et al. (2023)
Flavonoid-loaded biomaterials in bone
defect repair. Molecules 28(19):6888

Hadiet al.

Ye Y, Zhou J (2023) The protective activity of
natural flavonoids against osteoarthritis by
targeting NF-«xB signaling pathway. Front
Endocrinol 14:1117489

Yimer EM, Tuem KB, Karim A, Ur-Rehman N,
Anwar F (2019) Nigella sativa L.(black
cumin): a promising natural remedy for
wide range of illnesses. Evid Based
Complement Alternat Med
2019(1):1528635

Zarshenas MM, Moein M, Samani SM,
Petramfar P (2013) An overview on ajwain
(Trachyspermum ammi) pharmacological
effects; modern and traditional. J Nat
Remedies 14(1):98-105

Epub ahead of print 18



