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Abstract

Osteoarthritis is one of the most common diseases worldwide today. Inflammation and pain caused
by osteoarthritis greatly interfere with daily activities for those affected. Although many painkillers and
medications are available in the pharmaceutical market for this condition, they often only offer temporary
relief from joint pain and inflammation. They can also come with systemic side effects and pose challenges
for long-term use in many patients. Accordingly, most patients prefer to use topical treatments that target
specific areas of discomfort. In addition to pharmaceutical options, various topical herbal formulations for
alleviating osteoarthritis symptoms can be found in traditional pharmacological literature. Persian Medi-
cine, as a school with a thousand years of experience, is a significant source for drug discovery and the
extraction of many medicinal formulations. In this regard, the current study aims to compile a collection
of topical herbal formulations in the form of multi-ingredient herbal topical preparations from traditional
pharmaceutical textbooks, such as Qarabadin Salehi, Azam, and Kabir. The selected preparations can be
reformulated for evaluation in the management of osteoarthritis.
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1. Introduction ease with inflammatory, metabolic, and me-

1.1. Osteoarthritis

Osteoarthritis is defined by the Ameri-
can College of Rheumatology (ACR) as a
group of conditions characterized by joint
signs and symptoms associated with impaired
integrity of articular cartilage and changes in
the underlying bone at the joint margin (1).
Pain is the most prominent symptom of osteo-
arthritis (2). Arthritis is a multifactorial dis-
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chanical causes (1). The pathology of arthritis
is characterized by progressive joint damage,
including cartilage erosion, subchondral bone
sclerosis, synovitis, bone remodeling with os-
teophyte formation, and meniscal damage, all
of which may contribute to pain (3). There is
a clear association between arthritis and in-

creased mortality, often due to decreased mo-
bility (3, 4).

1.2. Pharmacological treatments for osteoar-
thritis
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Conventional pharmacological treat-
ment to reduce pain, inflammation, and func-
tional disability usually relies on the wide-
spread use of non-steroidal anti-inflammatory
drugs, corticosteroids, and various opioids
(1, 5, 6). However, the main disadvantage of
pharmacological treatment with anti-inflam-
matory medications is the frequent association
with adverse effects; in particular, the toxic-
ity associated with NSAIDs is related to the
inhibition of prostaglandin synthesis (PGs),
which disrupts gastric mucosa and renal ho-
meostasis (7-9). On the other hand, the avail-
ability of selective (COX-2) inhibitors, despite
the reduction of gastrointestinal toxicity, leads
to a high risk of developing serious cardiovas-
cular side effects (10). Chronic treatment with
systemic corticosteroids may incur the cost of
many severe and unwanted reactions, leading
to hypertension, diabetes, glaucoma, gastric
ulcers, osteoporosis, and psychiatric disorders
(11). Finally, opioids, used alone or in com-
bination with acetaminophen or nonsteroidal
anti-inflammatory drugs, may cause a variety
of side effects, with impact on quality of life
and bowel dysfunction being among the most
common problems. Therefore, new treatment
options with comparable efficacy and better
safety are warranted (11-13).

Intra-articular injections of long-acting
glucocorticoids or hyaluronic acid are another
treatment option for osteoarthritis. Intra-ar-
ticular injections of corticosteroids generally
result in short-term improvement lasting 4—8
weeks. Intra-articular injections of hyaluronic
acid, a form of adjunctive therapy, have been
widely used by orthopedic surgeons in the
treatment of knee osteoarthritis (14).

Disease-modifying osteoarthritis
drugs (DMOADs) are promising treatments
for arthritis that target key factors in the patho-
logic process of the disease and aim to inhibit
the deterioration of both biological and struc-
tural aspects of the joint, thereby improving
physical function, not just pain. Currently,
DMOADs delay cartilage degradation by tar-
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geting inflammatory factors, matrix-degrad-
ing proteases, the Wnt signaling pathway, or
enhancing cartilage repair factors. However,
regulatory agencies such as the US Food and
Drug Administration (FDA) and the European
Medicines Agency (EMA) have not approved
any drug as an effective DMOAD, as approval
guidelines require that a potential DMOAD
demonstrate a slowing of knee or hip joint
space width (JSW) loss on X-ray imaging,
along with improvement in associated symp-
toms (15-17). In addition, RNAi, CRISPR/
Cas9, and PROTAC-based drugs are under
development to stimulate cartilage regrowth

(18).

1.3. Traditional Medicine

The World Health Organization
(WHO) defined traditional medicine in more
detail in 2002 as follows: Traditional medicine
is a general term that refers to both traditional
medical systems, such as traditional Chinese
medicine, Indian Ayurveda, and Greco-Arabic
medicine, and various forms of indigenous
medicine. Traditional medicine treatments in-
clude pharmacotherapy (the use of medicinal
plants, animals, and mineral components) and
non-pharmacological methods (such as acu-
puncture, massage, and psycho-psychological
therapies) (19). Traditional medicine is a com-
prehensive set of knowledge, skills, and expe-
rience based on the beliefs, assumptions, and
experiences indigenous to different cultures,
which may or may not be explainable. This
category is used to maintain health, including
the prevention, diagnosis and improvement,
and treatment of mental and physical illnesses
(20).

1.4. Introduction to Traditional Persian Phar-
macy

A major aspect of treatment in Tradi-
tional Persian Medicine (TPM) involves tradi-
tional pharmacy. TPM has a history spanning
thousands of years with numerous medical
and pharmaceutical manuscripts. The book
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Firdaws al-Hikmah by Ibn Rabban al-Tabari is
the first comprehensive medical book. Among
other scholars in this field, Zakaria al-Razi is
notable for his encyclopedia, the Liber Conti-
nens (al-Hawr fi al-tibb). This book is a com-
pendium of Greek, Syrian, and early Arabic
medical knowledge, as well as some Indian
medical practices. Another important book in
the field of traditional pharmacy and tradition-
al medicine is the Canon of Avicenna (1025
AD), written in five volumes; the second and
fifth volumes have been dedicated to pharma-
cy. This book was the most important medical
reference in Europe until the 17th century (21).
A comprehensive source in TPM is the
Qarabadin textbooks. These encyclopedias de-
scribe methods for combining and formulating
multi-component medicaments.

1.5. Qarabadin-e-Kabir

The book Qarabdadin-e-Kabir is a sig-
nificant work in traditional Persian pharmacy
associated with Mohammad Hossein Aghili
Alavi Khorasani Shirazi (1772 AD). The book
includes an introduction and 28 sections, each
containing several chapters, along with the
number of Arabic letters. The introduction
comprises twenty chapters covering topics
such as the concepts of food and medicine,
the characteristics and composition of the
power, temperament, types of temperaments,
recognizing temperament, drug combination
qualities, identifying the temperament of com-
pound drugs, and their dosages (22, 23).

1.6. Qarabadin-e-Azam

Qarabadin-e-Azam 1is written by the
Persian physician Hakim Muhammad Azam
Khan in Persian and focuses on compound
products (1853 AD). The book consists of 26
chapters and a list that describes diseases of
various organs of the human body, along with
their corresponding medicines (24).

1.7. Qarabadin-e-Salehi
Qarabadin-e-Salehi (by Saleh bin Mu-
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hammad bin Muhammad Saleh Qaini Heravi
in 1765 AD) has been compiled in the form of
modern pharmacopoeias. The book includes
an introduction and medicinal products listed
alphabetically. In the section on medicinal
products, the pronunciation of each item, the
preparation methods, and related applications
are explained (25).

1.8. Qarabadin-e-Qaderi

Qarabadin-e-Qaderi, written by Ha-
kim Mir Mohammad Akbar Shah Arzani
Shirazi, is one of the Persian works on tra-
ditional medicine. This work is gathered in
twenty-three chapters and one conclusion. In
each chapter, the author has mentioned the
combined formulations for the treatment of
a particular organ. The conclusion also states
the generalities that are necessary to know in
pharmacy (26).

2. Methods

In this study, four main Qarabadin
textbooks (mentioned earlier) were examined
to extract relevant topical multi-ingredient
formulations effective for managing joint pain
and inflammation related to osteoarthritis.
Keywords used for data extraction included
Zomad (topical semisolid or solid formula-
tion), Tala (liquid topical dosage form), and
Dohn (medicinal oil preparation). Mineral or
animal ingredients were excluded. All herbal
ingredients (in compound formulations) were
subsequently identified by scientific names.
Table 1 displays the compound formulations.
Each row in the table lists the formulation
components and their preparation methods
separately. After data extraction, each medici-
nal plant was checked for the repeatability of
the gathered formulations. Accordingly, the
most common and abundant medicinal plants
were investigated for related analgesic and
anti-inflammatory activities, either through
clinical trials or animal studies.

3. Discussion
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Table 1. Topical herbal formulations related to osteoarthritis in the books of Qarabadin-e-Salehi, Qaderi,

Kabir, and Azam (22-26).

Zomad 1 Mix equal amounts of Agrimonia eupatoria (aerial parts), Salvia macrosiphon (seed), Hordeum vulgare (22, 25)
(seed), and Colchicum autumnale (rthizome) with rose oil in egg yolk to prepare an ointment

2 Capparis spinosa (aerial parts), Mentha pulegium (leaf), Anacyclus pyrethrum (root), [2 parts of each]; (25)
Saussurea costus (root), Eruca sativa (aerial parts) (1 part of each) in olive oil (Olea europaea)
3 Urtica dioica (root and leaf), Withania somnifera (root and leaf), Citrullus colocynthis (fruit), Pistacia (25)
atlantica (fruit), Piper longum (aerial parts), Anacyclus pyrethrum (root), Dorema ammoniacum (root and
stem), Commiphora wightii (aerial parts), Commiphora opobalsamum (aerial parts), Juniperus sabina
(aerial parts), Aloe succotrina (leaf), Artemisia absinthium (aerial parts), Cyperus rotundus (root), Cymbo-
pogon citratus (leaf), and Euphorbia helioscopia (aerial parts) in lily oil with honey and vinegar
4 Trigonella foenum-graecum (seed) (boiled with equal parts water and vinegar, added with honey, applica- (24, 25)
tion is for three days)
5 Melilotus officinalis (aerial parts), Myrtus communis (seeds), Robinia pseudoacacia (aerial parts), Crocus (25, 26)
sativus (flower stigma), Papaver somniferum (aerial parts), Mandragora officinarum (root) (mixed with oil)
6 Five parts of rose oil, one part of Euphorbia helioscopia (aerial parts), and three parts of Crocus sativus (25)
(flower stigma) in a mixture
7 Papaver somniferum (aerial parts) and Crocus sativus (Flower stigma) in equal amounts with milk or rose (25)
oil as a poultice

8 Ricinus communis (seed) combined with honey and vinegar (25)
9 Cyclamen persicum (burned and mixed with equal amounts of honey and vinegar) (25)
10 Aloe vera (leaf), Melissa officinalis (1eaf), Crocus sativus (flower stigma), and Brassica oleracea juice ina (22, 24,
vase of high fever with chicory juice. 25)
11 Brassica oleracea (leaves boiled in water with egg yolk) (25)
12 A mixture of Colchicum autumnal (thizome), Agrimonia eupatoria (aerial parts), Althaea officinalis (aerial (25)

parts), Lawsonia inermis (leaf), Myrtus communis (seed), Hordeum vulgare (seed), Commiphora myrrha
(gum), Hyoscyamus niger (leaf), Vitis vinifera (aerial parts), Anacyclus pyrethrum (root), Saussurea costus
(root) (all in equal proportions with the wine)
13 Adenanthera pavonine (leaf), Punica granatum (aerial parts), Areca catechu (seed), Colchicum autumnale (25)
(rhizome), and Papaver somniferum (aerial parts)(pounded, ground, and prepared as a poultice with Sola-

num nigrum juice

14 A mixture of old olive oil (Olea europaea) and Trigonella foenum-graecum (seed) (15 parts of each), Pista- (25)
cia atlantica (fruit) (10 parts of each), Euphorbia sp. (leaf) (2 parts), Iris germanica (rhizome) (4 parts)

15 Plantago ovata (seed) (crushed and boiled in water) mixed with oil in an appropriate amount (24)

16 Solanum nigrum, Cichorium intybus, Althaea officinalis (aerial parts), Coriandrum sativum, Lactuca sativa, (24)

Rosa damascena, Areca catechu, Colchicum autumnale (thizome), Acroptilon repens, Robinia pseudoaca-
cia (aerial parts), Curcuma longa, Pterocarpus santalinus (mixed with Papaver somniferum (aerial parts)
and water as a poultice)
17 Equal amounts of Crocus sativus (flower stigma) and milk with rose oil, or beeswax, or with boiled Termi- (24)
nalia chebula (equal quantities with water and vinegar)
18 Zingiber officinale (thizome) and Colchicum autumnale (rhizome) pounded with Myristica fragrans (seed) (24)
and Papaver somniferum (aerial parts) in chamomile [Matricaria chamomilla (flower)] or henna (Lawsonia
inermis (leaf)), or sesame (Sesamum indicum) oil as a poultice
19 Ground mixture of Anacyclus pyrethrum (root), Zingiber officinale (thizome), and Papaver somniferum (24)
(aerial parts) with Datura stramonium (leaf juice) as a poultice
20 A mixture of Hordeum vulgare (seed), Viola odorata, Rosa damascena, and Lens culinaris with milk and (22,24)
saffron [Crocus sativus (flower stigma)] and rose oil as a poultice
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Continued Table 1.

Zomad 21 Mix Matricaria chamomilla (flower), Althaea officinalis (aerial parts), Melilotus officinalis (aerial parts), (26)
Prangos ferulacea (aerial parts), Anethum graveolens (aerial parts), and vinegar as a poultice
22 A mixture of Ricinus communis (seed), clarified butter, honey, and vinegar (26)
23 A mixture of equal amounts of Cordia myxa, Dorema ammoniacum (root and stem), with vinegar and (26)
honey as a poultice
24 Apply Aloe vera (leaf) and Crocus sativus (flower stigma) with cabbage juice (Brassica oleracea), or (26)
chicory juice (Cichorium intybus)
25 Anacyclus pyrethrum (root), Lepidium sativum (seed) in olive oil as a poultice (22)
Oil 26 Boiled fat with olive oil (25)
27 A mixture of boiled Matricaria chamomilla (flower), Melilotus officinalis (aerial parts), Origanum majora- (25)
na (aerial parts), Aegypius monachus (aerial parts), Valeriana officinalis (thizome), Lawsonia inermis (leaf),
Gentiana lutea (root), Myristica fragrans (seed), Withania somnifera (root and leaf), Colchicum autumnale
(rhizome), and Anacyclus pyrethrum (root) in water overnight, and boil in olive or sesame oil
28 Sesame oil (24, 25)
29 Iris sp. or Cheiranthus cheiri oil (25)
30 A mixture of 4.6 g of basil syrup (Ocimum basilicum) with 3.5 g of Cicer arietinum and Carum carvi juice, (25)
mixed with sesame oil
31 Colchicum autumnale (thizome), fresh celery juice (Apium graveolens), and Swertia chirayita (thizome) in (25)
sesame oil
32 Anethum graveolens (aerial parts) extract is boiled with olive oil until the oil remains and the water evapo- (25)
rates
33 Pieces of Phragmites australis (aerial parts) in olive or sesame oil for a few days (25)
34 Yielding the oil from freshly blossomed Pandanus sp. in olive or sesame oil (25)
35 Parsley leaf juice (Petroselinum crispum) boiled with sesame oil 25)
36 Acorus calamus, crushed and soaked in water for two days, and boiled in sesame oil subsequently (25)
37 Boiled henna leaves or flowers (Lawsonia inermis) in water (reduced to half), cooked with sesame oil until (24)
the water is gone
38 Chopped Nicotiana rustica (leaf) should be boiled with Matricaria chamomilla (flower), Zingiber officinale (24)
(rhizome), and leek (Allium iranicum) juice, and then boiled with sesame oil until the water is removed
39 Lawsonia inermis (leaf) and Datura stramonium (leaf) leaves should be mixed with equal amounts of water (24)
and sesame oil and boiled, then Peganum harmala (seed) and Anethum graveolens (seed) should be added.
When the oil remains and the water evaporates, crushed Colchicum autumnale (rthizome) should be added
40 Cuts of Smilax china (root) are boiled in water along with Tradescantia pallida leaves soaked in water as (24)
a mixture in sesame oil or rose oil, until the water evaporates, then strained, and Colchicum autumnale
(rhizome) should be ground and added
41 Colchicum autumnale (thizome), Cassia angustifolia (aerial parts), Terminalia chebula (fruit), Prunus (26)
dulcis (fruit), and Crocus sativus (Flower stigma) mixed and soaked and prepared in an oil
42 Nettle seed oil (Urtica dioica): distilled in water and subsequently boiled in sesame oil until (26)
Tala 43 Curcuma zedoaria (root), Laurus nobilis (aerial parts), Thymus vulgaris (aerial parts), Commiphora myrrha (22)
(gum), Boswellia thurifera (gum), Zingiber zerumbet (thizome), Anacyclus pyrethrum (root), ground and
........................................................................ extracted inlily oil orbitter almond 0il et
In the above formulations, some herbs In the Unani System of Medicine (Col-
were repeated more frequently. These herbs chicum autumnale L.), which belongs to the
are listed in the table below, arranged by num- family of Liliaceae, it is primarily used to treat
ber of citations in the manuscripts. arthritis. A related investigation was conduct-
ed to evaluate the phytochemical constituents,
3.1. Colchicum autumnale L. antioxidant, and anti-inflammatory activities
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of C. autumnale. Docking studies assessed the
anti-inflammatory activity. Quantitative anal-
ysis indicated that the dichloromethane ex-
tract contains the highest amount of phenolic
and flavonoid constituents. Docking analysis
revealed that colchicoside inhibits IL-6, with
a binding energy of -7.1 kcal/mol. The anti-
inflammatory activity suggests that this plant
can be used for relieving the symptoms of in-
flammation. Comparative docking studies re-
vealed colchicoside to be the most potent anti-
inflammatory compound compared to other
medications and the standard drug diclofenac
(27).

3.2. Crocus sativus L.

Investigations on the antinociceptive
and anti-inflammatory effects of saffron (Cro-
cus sativus) extracts and/or active constituents
in different experimental models are sum-
marized in Table 3. Inflammatory processes,
elevated levels of reactive oxygen species
(ROS), and subsequently oxidative stress have
been known as critical factors in the develop-
ment of neuropathic pain via involvement in
the central sensitization of the spinal cord (28,
29). Applications of antioxidants that suppress
cytokines have been considered to be useful
in the treatment of neuropathic pain (30, 31).
The beneficial effects of saffron, including an-
ti-allodynia and anti-hyperalgesia, have been
primarily attributed to the antioxidant and an-
ti-inflammatory properties of its active ingre-
dients. From different in vitro and in vivo stud-
ies of saffron extracts, crocetin, crocin, and
safranal have been repeatedly shown to have
radical scavenging activities. Meanwhile,
the highest antioxidant capacity was shown
by crocin (32, 33). In a hemorrhagic shock
model, crocetin reduced mRNA expressions
of TNF-a, interleukin 1B (IL-1pB), and iNOS
in rat liver. Crocin was also reported to have
an anti-inflammatory effect in some inflam-
mation models. Additionally, the benefits of
saffron extracts and safranal in inflammatory
conditions were demonstrated in formalin-in-
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duced inflammation in the rat model. Studies
indicated that aqueous saffron extract inhibit-
ed formalin-induced paw edema in the chronic
phase. Meanwhile, L-NAME, a nonselective
inhibitor of nitric oxide synthase (NOS), en-
hanced the extract’s effects. In one study, in-
travenous injection of crocetin blocked LPS-
induced aqueous flare elevation and partially
prevented prostaglandin E2 (PGE2)-induced
aqueous flare in rabbits (34).

3.3. Anacyclus pyrethrum (L.) Link

A. pyrethrum is a plant commonly used
in Moroccan traditional medicine to treat in-
flammatory and painful conditions. A related
study has evaluated the antinociceptive, anti-
inflammatory, and antioxidant activities of
aqueous and methanol extracts of the plant’s
root. The antinociceptive activity was assessed
in mice using the acetic acid-induced writhing
test, the hot plate test, and the formalin test.
Both extracts significantly decreased edema.
Chronic treatment with both extracts also
significantly alleviated persistent pain hyper-
sensitivity. 4. pyrethrum could be potentially
useful for treating pain and inflammatory dis-
orders in humans (35).

3.4. Papaver somniferum L.

P. somniferum is a member of the Pa-
paveraceae family. The most important alka-
loids of P. somniferum are morphine, codeine,
thebaine, and noscapine. The most important
application of Papaver alkaloids is due to their
analgesic properties. Use of opium poppy
as a medicinal plant has been described in
the ancient literature of the Indian system of
medicine (Ayurveda) (36). In 1905, German
scientist Sertiiner first isolated the main pain-
relieving component of this plant, the alkaloid
morphine. However, the mechanism behind
the analgesic action of morphine was largely
unknown until the last century, when the ex-
istence of endogenous peptide opioids such
as B-endorphin, met-enkephalin, and dynor-
phin was first reported. Later, several research
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groups significantly expanded our understand-
ing of how opioid drugs produce pain relief
by identifying three classical Mammalian opi-
oid receptors are named mu (u), delta (5), and
kappa (k). Recently, the genes encoding these
receptors were cloned and found to be mem-
bers of the seven-transmembrane G-protein-
coupled receptor family (37, 38).

3.5. Lawsonia inermis L.

Studies have shown that L. inermis
leaves can also lower normal body tempera-
ture, whereas paracetamol and nonsteroidal
anti-inflammatory drugs only reduce tempera-
ture during a fever. The ability of L. inermis
leaves to decrease normal body temperature
suggests a central mechanism that may not
involve the cyclooxygenase pathway, which
is targeted by nonsteroidal anti-inflammatory
drugs. Additionally, the results indicate that
the plant's leaves contain anti-inflammatory
compounds. Notably, the anti-inflammatory
activity of L. inermis leaf extract decreased at
3 hours and then increased again later (after 4
hours) (39).

3.6. Hordeum vulgare L.

Barley (H. vulgare) has a long history
of use as food and medicine. In Unani medi-
cine, barley is a key remedy commonly used
to treat many disorders of the respiratory, gas-
trointestinal, musculoskeletal systems, skin,
and more. It is used for obesity, diabetes, head-
ache, pain, throat inflammation, acute joint
swelling, gout, chronic swellings, diarrhea,
fever, skin eruptions, hyperpigmentation, and
other conditions. Recent studies show that
barley contains beta-glucan and various bioac-
tive compounds with many biological activi-
ties, such as lowering blood sugar, reducing
cholesterol, anti-inflammatory, antioxidant,
anti-obesity, anticancer, and wound healing
properties. Barley is a powerful remedy offer-
ing numerous health benefits, most of which
have been confirmed through preclinical and
clinical research. (40).
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3.7. Matricaria chamomilla L.

In a study involving 130 patients, 99 of
whom were ultimately eligible, patients were
randomly assigned to one of three experimen-
tal drug groups containing chamomile, diclof-
enac, or a placebo. The results showed a sig-
nificant beneficial effect of a traditional topical
formulation of chamomile flower oil on pa-
tients with OA, particularly in reducing the
use of analgesics. Additionally, chamomile oil
demonstrated some beneficial effects on pain,
stiffness, and physical activity. Chamomile is
rich in flavonoids; for example, apigenin 7-O-
glucoside can strongly inhibit prostaglandin
E2 levels. It interferes with the COX-2 path-
way and has anti-inflammatory effects similar
to NSAIDs. The chamomile’s polyphenolic
compounds can also exhibit anti-inflammatory
effects comparable to corticosteroids by inhib-
iting pro-inflammatory biomarkers. Chamo-
mile consumption significantly reduced the
need for acetaminophen to relieve OA pain.
For these patients, chamomile was as effective
as diclofenac but at a much lower cost (41).

4. Conclusion

All mentioned medicinal plants, Col-
chicum autumnale, Crocus sativus, Anacyclus
pyrethrum, Papaver somniferum, Lawsonia
inermis, Hordeum vulgare, and Matricaria
chamomilla have demonstrated demonstrated
their anti-inflammatory and analgesic effects
in clinical trials, in vivo, and in vitro. Formula-
tions that include these compounds, as docu-
mented in studied textbooks, are likely to be
effective in reducing pain and inflammation in
patients. Formulations such as No. 1, 5, 7, 12,
13, 18, 27, 39, and 41 (Table 1), which com-
bine two or more of these plants, have an even
greater likelihood of being effective and ulti-
mately being produced on a mass scale.
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