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Introduction
Osteoarthritis (OA) is one of the most common types of 
arthritis and is a degenerative disease of the articular joints 
with progressive worsening of the subchondral bone, articular 
cartilage, and the synovium.1 It is a predominant cause of pain 
and disability and is anticipated to place a significant burden 
on health care systems around the world as our population 
ages.2 Osteoarthritis classically involves the entire joint and 
involves the breakdown of cartilage, ligaments, joint lining, and 
even, in severe cases, the entire bone.3 The most commonly 
affected joints include the hip, knee, spine, and hands. 
Osteoarthritis involves synovial inflammation and the irrevers-
ible destruction of the extracellular matrix of the articular car-
tilage.4 It also leads to the formation of osteophytes, subchondral 
cysts, subchondral sclerosis, and synovial hyperplasia,5 which 
can lead to further degeneration of the bone. The primary risk 
factors for OA include age, gender, genetics, obesity, and 
chronic joint injury or instability.6 Knee OA is supposed to be 
the leading cause of disability and pain in the adult and old age 
population with an estimated 10% to 15% of all adults aged 
above 60 having a certain degree of OA. According to the 
World Health Organization (WHO), it is projected that 
approximately more than 130 million will be affected by OA, 
and more than 40 million people will be severely disabled by 
the disease.7 This is also because of the medical advances that 

are increasing the average life expectancy.8 Women have a 
higher prevalence of OA than men.7 Osteoarthritis, especially 
knee OA, has been proven to impair the physical functions and 
worsens the overall quality of life.

Paracetamol, also known as acetaminophen, is another drug 
that is used in the treatment of OA. It is purported mechanism 
of action is not completely understood but is said to inhibit 
prostaglandin production in the brain. Per the American 
College of Rheumatology, acetaminophen is said to be the first 
line in the treatment of OA. Furthermore, the American Pain 
Society recommends paracetamol as a first line treatment for 
OA.9 A large meta-analysis by Zhang et al10 has shown that 
paracetamol is an effective agent for pain relief and for improv-
ing function in OA. If the patient does fail acetaminophen, 
topical and/or oral nonsteroidal anti-inflammatory drugs 
(NSAIDs) are recommended. This is classically followed by 
tramadol or intra-articular steroid injections. If patients con-
tinue to have pain, opioids are indicated as a second-line ther-
apy.7 At this point, there are no definitive cures established for 
the disease,11 and the aforementioned medications such as 
NSAIDs and paracetamol help primarily with symptomatic 
relief and do not have a clear effect on disease prevention.7 In 
addition, long-term use of these medications can lead to 
hepatic, gastrointestinal (GI), renal, and cardiovascular effects,7 
which makes them less than ideal to use in the long term for 
patients with chronic pain. Therefore, there is a clear and 
immediate need for other alternative treatments that are safer, 
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can reduce inflammation, and minimize side effects for patients 
who require long-term pain relief. This is the reason that, in 
this narrative review, we explore the ingredients of a recently 
formulated nutritional supplement known as Synogesic, a pro-
prietary blend of turmeric extract, ginger root extract, Boswellia 
serrata extract, vitamin C, vitamin D, and rutin.12 This supple-
ment has been developed as an alternative and/or an addition 
to existing medications used for OA with the purpose of 
improving the quality of life of patients with OA and reducing 
progression of the disease and worsening of pain.

Dietary supplements, which includes herbal supplements, 
have been examined for treatment and pain management in 
OA for several years now. Some dietary supplements including 
glucosamine and chondroitin have been shown to have efficacy 
compared with placebo, whereas others such as methylsulfo-
nylmethane have not been as effective.13 Currently, there is one 
study by Sharkey et al12 on the efficacy of the Synogesic sup-
plement that uses 43 patients with diagnosed knee OA with 
Kellgren-Lawrence scores of grade II or grade III disease. In 
total, 22 patients were assigned to the Synogesic group (group 
A) and 21 patients were assigned to the placebo group (PG; 
group B). Patients were instructed to take the nutritional sup-
plement’s tablets 4 times a day for 12 weeks. It was found that 
the visual analog scale (VAS) for pain improved by 46.8%, 
WOMAC (Western Ontario and McMaster Universities 
Arthritis Index) by 23.4%, KOOS (Knee injury and 
Osteoarthritis Outcome Score) for pain, and Activities of Daily 
Living (ADL) by 19.8% and 14.9%, respectively. However, in 
group B, there was no statistically significant improvement for 
any of the patient outcome scores assessed.12 To judge patient’s 
perception of pain in OA, the WOMAC index was created, a 
self-administered questionnaire covering 3 main domains: 
pain, function, and stiffness. It is composed of 24 questions: 5 
on pain, 2 on stiffness, and 17 on function.14 The questions 
regarding pain include experiencing pain when the patient is 
walking, using stairs, in bed, sitting or lying, and standing 
upright. The questions regarding stiffness include after first 
waking and later in the day. The questions regarding physical 
function issues include while using stairs, rising from sitting, 
standing, bending, walking, getting in/out of a car, shopping, 
putting on or taking off socks, rising from bed, lying in bed, 
getting in/out of bath, sitting, getting on or off the toilet, heavy 
domestic duties, or light domestic duties.

At the moment, there is only one paper on the efficacy of 
the nutritional supplement; however, a narrative review on each 
of the individual ingredients and their efficacies has not been 
done yet. The purpose of our study is to perform a review on 
each of the ingredients involved in this nutritional blend. 
Through this, we hope to perform an in-depth analysis on each 
of these ingredients, inform clinicians and patients on relevant 
up-to-date research on the supplement, and provide insight on 
the potential for this supplement for alleviating the disease 
course of patients with OA.

Methods
Four databases (PubMed, ScienceDirect, Google Scholar, and 
MedLINE) were searched from 1995 to July of 2021 inclusive. 
We limited our resources to peer-reviewed journal articles, 
trusted sources including NCBI and PubChem websites, and 
predominant phytomedical books in the field. In addition, hand 
texts and authoritative texts were also part of the included lit-
erature. Some of the keywords used during our searches included 
the name of the ingredient plus OA (eg, “Rutin”+“Osteoarthritis” 
for rutin). Furthermore, we performed searches for studies that 
investigated the effect of these supplements on patients’ VAS 
and WOMAC scores (eg, “Rutin” + “Osteoarthritis” + “WOM
AC” or “Rutin” + “Osteoarthritis” + “VAS”). We also adapted 
images from studies or PubChem and NCBI websites detailing 
the structure and/or a synthetic process of the ingredient ana-
lyzed. Overall, we used 110 sources for this narrative review.

Turmeric
Turmeric is a member of the ginger family and is classically 
found as a bright yellow aromatic powder obtained from the 
rhizome of a plant, Curcuma longa of the ginger family, 
Zingiberaceae.15 Turmeric has been used in Asian countries 
for centuries with notable uses in Traditional Chinese 
Medicine (TCM), Ayurveda, and Siddha medicine.16 It was 
historically initially used as a dye and later used for its medic-
inal properties.17 Turmeric’s initial uses are traced back to 
India after which it spread to Southeast Asia through 
Hinduism and Buddhism. There is also evidence that it has 
been used by Austronesian people for both food and dye prior 
to their contact with Europeans.16 Nowadays, turmeric is 
principally used as a coloring agent and flavoring agent in 
many Asian cuisines, especially in curries. It is also known for 
its use as a dye and has also been approved by the Food and 
Drug Administration, WHO, and European parliament as a 
food additive.18 Curcumin, or diferuloylmethane (82%), is the 
principal curcuminoid in turmeric. Other components includ-
ing demethoxycurcumin (15%) and bisdemethoxycurcumin 
(3%) are together known as the curcuminoids. The chemical 
structures of these components can be seen in Figure 1. 
Turmeric has long been used in Ayurvedic medicine for thou-
sands of years to treat various diseases including jaundice, 
arthritis, GI infections, wound, and skin infections.8 Turmeric, 
more recently in preclinical and clinical studies, has been 
shown to have therapeutic value against chronic diseases 
including cardiovascular, neoplastic, pulmonary, and meta-
bolic diseases.

More recently, turmeric has been investigated for its anti-
inflammatory properties due to its active ingredient, curcumin. 
Curcumin makes up 3% to 10% of the turmeric powder that can 
be extracted,21 and the extract itself has been shown to have simi-
lar effect to NSAIDs through affecting the signaling of pro-
inflammatory cytokines including interleukins, phospholipase 
A2, 5-lipoxygenase (5-LOX), and cyclooxygenase-2 (COX-2) by 
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affecting nuclear factor kappa light-chain enhancer of activated B 
cells (NF-κB) activity.22 In a study by Plummer et al22 in 1999, it 
was shown, using NF-κB transfection assays, that curcumin 
decreases NF-κB transactivation. It was also shown that cur-
cumin has little to no effects at the tumor necrosis factor-α 
(TNF-α) level. Its anti-inflammatory properties have also been 
shown to work at a chondrocyte level in some studies, in which it 

has been shown to have an inhibitory effect on macrophage 
inhibitory factor–induced upregulation of matrix metalloprotein-
ase 1 (MMP-1) and matrix metalloproteinase 3 (MMP-3) 
enzymes. These enzymes catabolize articular cartilage and subse-
quently lead to development of OA.8 In a study by Onodera 
et al,23 0, 1, and 10 µM concentrations of curcumin were mixed 
with macrophage migration inhibitory factor (MIF) and a 

Figure 1.  Chemical structures of the important components of turmeric.a,b

aThis is an original figure produced using the ChemSPACE19 website (https://chem-space.com/search) drawing tool.
bElements from a study by Amalraj et al20 were used to produce this figure.

https://chem-space.com/search
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northern blot analysis conducted. The levels of tissue inhibitor 
matrix metalloproteinase 1, MMP-1, and MMP-3 messenger 
RNA were measured. The blots were hybridized with 32P-labeled 
human cDNA probes of MMP-1, MMP-3, and glyceraldehyde 
3-phosphate dehydrogenase and visualized by autoradiography. It 
was noted that MIF upregulation of these factors was inhibited at 
increasing amounts. Curcumin compounds were also shown to 
cause a 48% to 99% suppression of MMP-3 and 45% to 97% 
downregulation of matrix metalloproteinase 13 (MMP-13) in 
human chondrocytes and 8% to 100% (MMP-3) and 32% to 
100% (MMP-13) in bovine chondrocytes.24

Curcumin has also been shown to inhibit early degenerative 
changes induced by IL-1β and antagonizes the suppression of 
collagen type II and β1-integrin synthesis.25 Thus, it is demon-
strated to exert anti-apoptotic and anticatabolic effects on 
chondrocytes, preventing the articular degeneration induced by 
OA. A study by Shakibaei et al25 showed that curcumin inhibits 
the effect of interleukin 18 (IL-18)26 on vascular endothelial 
growth factor, which typically stimulates angiogenesis, in a 
dose-dependent manner. Several trials have analyzed the effects 
of turmeric on OA, and these trials typically analyze a patient’s 
pain scale using the scale previously described in this study 
known as the WOMAC scale. We describe 5 studies in this 
article that have investigated the effects of curcumin on 
WOMAC scores. In the first study by Singhal et al,7 193 people 
with diagnosed knee OA were analyzed, with 97 of them receiv-
ing turmeric extract and 96 of them receiving paracetamol. In 
all, 24 people were lost in the turmeric group and 25 people 
were lost to follow-up in the paracetamol group. The 2 groups’ 
WOMAC scores were compared after 6 weeks of taking each of 
the medications. In the paracetamol group, three 650 mg tablets 
were taken daily, and in the turmeric group, two 500 mg cap-
sules were taken by the participants daily. It was found that 
patients with knee OA in the paracetamol group and turmeric 
extract group both very similarly responded to curcumin with a 
>20% reduction in WOMAC pain score as well as WOMAC 
pain and function/stiffness score (80% vs 77% in paracetamol vs 
turmeric extract group, and 61% vs 58%, respectively). It was 
also found that 18% of patients with knee OA in the turmeric 
extract group showed >50% improvement in pain and func-
tion/stiffness score and another 3% of patients showed a >70% 
improvement. However, none of the patients in the paracetamol 
group had a >50% improvement.7 Furthermore, TNF-α levels 
were also found to have a statistically significant decrease in the 
turmeric group versus the paracetamol group.

In the second study by Ross,27 a randomized, double-blind, 
controlled multicenter clinical trial was conducted at 8 tertiary 
hospitals across Thailand. Of the 367 patients diagnosed with 
knee OA recruited for the study, there were 160 patients in the 
ibuprofen group (IBP) and 171 patients in the curcumin group 
remaining. At baseline it was found that WOMAC scores were 
more than 5 out of 10, and the patients were followed up at 2 
and 4 weeks with the WOMAC scores assessed and calculated. 

A noninferiority test revealed that the mean difference in the 
95% confidence interval of the WOMAC total (P = .010), 
WOMAC pain (P = .018), and function (P = .010) subscale 
scores at week 4 with respect to values at week 0 was within 0.5 
points. This indicated similar improvements in pain between 
the ibuprofen and curcumin groups. In addition, there was 
found to be similar adverse effects in both groups, but there was 
a lower incidence of abdominal pain and distension in the cur-
cumin group. In the third study by Panahi et al,28 27 patients 
were provided curcuminoids, and 26 patients were provided a 
placebo for 6 weeks. Curcuminoids were administered in 500 mg 
capsules containing 5 mg of BioPerine, which were the same 
size as the placebos. This was a double-blind placebo-controlled 
parallel group trial and included subjects who were diagnosed 
with knee OA who referred to the Baqiyatallah University 
Clinic in 2011 to 2012. Statistically significant decreases in the 
WOMAC score between the turmeric group versus PG were 
observed in the total score (25.0 vs 40.6), physical function 
(18.7 vs 30.4), and pain index (6.1 vs 9.4); however, the differ-
ence between the stiffness score was not statistically significant. 
Reductions in the VAS and Lequesne Pain and Function Index 
(LPFI) scores were also found in the curcuminoid group.

In the fourth study by Bharti et al,29 the efficacies of tocot-
rienol and curcumin were compared. A total of 72 patients with 
diagnosed grade II or grade III OA were divided into 1 of 4 
groups, group I—Diclofenac 50 mg (twice a day), group II—
Diclofenac 50 mg + CL 500 mg (twice a day), group III—
Diclofenac 50 mg + Tocotrienol 200 mg (twice a day), and 
group IV—Diclofenac 50 mg + CL 500 mg + Tocotrienol 
200 mg (twice a day), where CL was the turmeric/curcumin 
group. The WOMAC scores at 60 and 120 days were measured 
for each of the groups. It was found that the reduction in the 
WOMAC scores for the blend group of Diclofenac, Curcumin, 
and Tocotrienol (133.83 → 30.67) was the most pronounced, 
whereas it was found that there was a slight difference in mean 
WOMAC reductions between the Curcumin + Diclofenac 
(134.28 → 67.44) and Tocotrienol + Diclofenac (134.06 → 
64.33) groups. This suggests that a blend of herbs and medica-
tions is likely more effective than an individual herb or medica-
tion alone in treating the inflammation and reducing pain. In 
the fifth study by Calderón-Pérez et  al,30 35 patients were 
assigned to a group provided B-turmactive, constituted by 
Turmacin and curcuminoid Betasorb, and 33 patients were 
assigned to the group provided brewer’s yeast as the placebo. 
The WOMAC scores for each patient was calculated after 
3 days and after 1 week. It was found that both treatments 
reduced pain with statistically significant P values when walk-
ing on a flat surface, going up or down stairs, and sitting or 
lying; however, it was found that only B-Turmactive reduced 
pain at night while in bed and in an upright standing position. 
B-Turmactive also caused a statistically significant reduction in 
C-reactive protein levels with a reduction of 0.104 in the 
B-Turmactive compared with the placebo. From our analysis 
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and review of turmeric extract, it can be seen that turmeric has 
significant effects on reducing the pain indices of patients with 
OA, and there is literature evidence for the effects on a cellular 
level through inhibition of the NF-κB pathway and other 
cytokines including IL-1β and IL-18.

Rutin
Rutin is a flavonoid, a ubiquitous group of naturally occurring 
polyphenolic compounds that are classically found in vegeta-
bles, fruits, and plant-based beverages,31 and is classically found 
in plants including buckwheat, citrus fruits, apples, tea, onions, 
and red wine.32 The interest in rutin derived from buckwheat 
can date back to 1940s, when buckwheat was cultivated as a 
source of rutin for medicinal use in the United States.33 Rutin 
is a flavone glycoside and is also known as vitamin P.34 It is also 
one of the phenolic compounds found in the plant species, 
Carpobrotus edulis, and has been shown to contribute to the 
antibacterial properties of the plant.35 The etymology of the 
name, rutin, is derived from the plant, Ruta graveolens, a plant 
that contains a significant amount of rutin. Citrus fruit peels 
contain 32 to 49 mg/g of rutin equivalents, and citrus leaves 
contain rutin at concentrations of 11 g and 7 g/kg in orange and 
lime trees, respectively.36 It is also known as rutoside, querce-
tin-3-O-rutinoside, and sophorin, and rutin is primarily a gly-
coside that combines quercetin with the disaccharide rutinose. 
The main chemical structures of quercetin and its rutinoside, 
rutin, are depicted in Figure 2. Quercetin is the circulating 
aglycone form of rutin that is considered a strong antioxidant 
as studies have shown it can scavenge free radicals.37,38

Rutin, in the form of quercetin, is already known for its anti-
inflammatory, antimutagenic, antioxidant, anticancer, gastro-
protective, and neuroinflammatory effects.40,41(p2) In terms of 
anti-inflammatory effects, a study by Picot et al,42 it was shown 
that rutin can block the COX pathway and the LOX pathway 

at high concentrations. However, the compounds primarily 
block the LOX pathway at lower concentrations. Most NSAIDs 
primarily target COX-1 inhibition; however, selective inhibi-
tion of COX-2 might reduce the side effects of synthetic 
drugs.34 In several cases, NSAIDs are unable to halt the pro-
gression of OA, leading to irreversible joint erosion and deform-
ity. In a study by Guardia et al,43 a treatment of rutin at 80 µM 
produced an obvious inhibitory effect of LOX-induced nitric 
oxide (NO) production in peritoneal macrophages. In a differ-
ent study by Shen et al as noted in the study by Guardia et al,43 
6 mg of rutin per kilogram of body weight was injected in mice 
and a similar observation of inhibition of LOX-induced NO 
production was noticed. Han44 in 2009 showed an inhibition of 
NO at the dose of 20 µg of rutin per milliliter without killing 
the macrophages, whereas most other anti-arthritis drugs tend 
to reduce the inflammation with the destruction of mac-
rophages. In this same study, the anti-arthritis properties of 
rutin were demonstrated based on its effects on the articular 
elastase activity, and its activity is proportional to the accumula-
tion and activation of polymorphonuclear leukocytes. It was 
also found that the detection of NO relates to the inflammation 
response from activated macrophages and T cells. Nitric oxide 
induction in excess has been shown to cause chondrocyte apop-
tosis.45 Furthermore, rutin has been shown to inhibit the tran-
scription of pro-inflammatory genes including ones encoding 
interleukin 1 (IL-1), interleukin 8 (IL-8), and TNF-α.46

There are a few studies showing the effects of rutin on the 
progression of OA. For the purpose of this review, 3 studies will 
be explored. In one such study by Horcajada et al,47 60 four-
week-old Dunkin-Hartley guinea pigs were randomized into 4 
groups and were fed 1 of 4 diets for 31 weeks. These diets 
included standard guinea pig diet (control group) or a standard 
guinea pig diet enriched with oleuropein (0.025%), rutin (0.5%), 
or rutin/curcumin (0.5%/0.25%) association. Biomarkers of OA 

Figure 2.  Chemical structure of quercetin and its rutinoside, rutin.a,b

aThis is an original figure produced using the ChemSPACE19 website (https://chem-space.com/search) drawing tool.
bElements from a study by Djelili et al39 were used to produce this figure.

https://chem-space.com/search
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including type II collagen degradation markers (Coll2-1 and 
Coll2-1NO2), fibulin 3 peptides (Fib3-1 and Fib3-2), and a 
fragment of aggrecan (ARGS) were quantified at 4 weeks and 
at 35 weeks as well as a quantification of prostaglandin E2 
(PGE2) in the serum. Histological assessments of knee carti-
lage during these 2 time points were also performed. The results 
of this experiment showed a statistically significant reduction in 
the cartilage degradation score for all the treatments; however, 
only oleuropein caused significant decreases in serum PGE2 
levels, and Coll2-1 was seen to be decreased by the rutin and 
rutin/curcumin combination treatments. Furthermore, Fib3-1 
and Fib3-2 (fibrillin) were only reduced by the rutin/curcumin 
combination, whereas Coll2-1NO2 was decreased by all treat-
ments. In a different study by Na et al,48(p1) they found that rutin 
protects rat articular chondrocytes against oxidative stress 
induced by hydrogen peroxide through sirtuin 1 (SIRT1) acti-
vation. SIRT1 is involved in the inhibition of the NF-κB/
MAPK (mitogen-activated protein kinase) signaling pathway 
in hydrogen peroxide–induced oxidative stress in rat chondro-
cytes. Rat chondrocytes were treated with rutin in concentra-
tions of 1, 5, 10, and 20 μg/mL, and it was found that rutin 
increases expression of SIRT1 in a dose-dependent manner. In 
addition, treatment with hydrogen peroxide (500 μM) resulted 
in downregulation of SIRT1 protein expression, which was 
reversed by treatment with rutin, showing that rutin induces 
SIRT1 expression significantly in normal chondrocytes as well 
as hydrogen peroxide–treated chondrocytes. At this time, there 
are no specific studies that isolate rutin and analyze it individu-
ally in terms of WOMAC scores of patients with OA. However, 
there is a study by Klein et  al49 that analyzes a proteolytic 
enzyme blend known as Phlogenzym (PE) which contains bro-
melain, trypsin, and rutin. After a 6-week follow-up, with one 
group taking Diclofenac (DC) 100 mg/d and the other group 
taking Phlogenzym (bromelain 90 mg, trypsin 48 mg, and 
rutosid 100 mg) 4 times a day, the results of the study were as 
follows: WOMAC subscale pain (PE −10.3 ± 1.2, DC 
−9.5 ± 1.2), WOMAC subscale joint stiffness (PE −3.9 ± 0.5, 
DC −3.6 ± 0.5), and WOMAC subscale physical function (PE 
−31.7 ± 3.5, DC − 29.7 ± 3.5). There was no significant differ-
ence in pain relief between Diclofenac and Phlogenzym; how-
ever, it was noted that Phlogenzym was slightly better tolerated 
than Diclofenac.

From our analysis and review of studies detailing rutin, we 
can see that there is sufficient evidence backing the physiology 
behind rutin’s therapeutic effects in OA; however, there is a 
paucity of clinical trials on humans detailing these effects of 
isolated rutin, even though combination blends have been 
explored.

Ginger Root
Zingiber off icinale is derived from the Zingiberacae family, 
which comprises more than 1300 species of plants, with 90 of 
them being part of the Zingiber family.50 Zingiber off icinale has 
been used for thousands of years as both food and medicine in 

ancient Indian and Chinese cultures. In Indian medicine, it has 
been classically used in herbal extracts and in food preparation, 
and externally as a compress or massage with oil.50 According 
to Ayurvedic medicine, OA leads to an imbalance in elemental 
forces or energies known as vata dosha. In TCM, ginger has 
been used internally and externally, mostly as a compress, patch, 
or during combustion in moxibustion.51 Ginger is supposed to 
activate stagnating Chi, dispeling cold, and strengthening 
yang.50 Ginger has also found uses in anthroposophic medi-
cine, a branch of medicine that combines allopathic, TCM, and 
Ayurvedic medicine; ginger is used externally through ginger 
compresses over the kidneys to enliven and stimulate the meta-
bolic region.50 The rhizome is the medicinal part of ginger and 
has been known to have anti-spasmodic, anti-inflammatory, 
and carminative effects.52-54 The rhizome contains about 40% 
to 60% carbohydrates, 9% to 10% proteins, 6% to 10% lipids 
containing lecithins, free fatty acids, and phosphatidic acid and 
contains 4% to 7.5% oleoresin such as gingerols and their dehy-
dration products including shogaol, which sometimes takes 
place in the human body after being exposed to heat/acid. 
Conversion to shogaols, depicted in Figure 3, is said to decrease 
the medicinal value of ginger.55 Nowadays, the ginger rhizome 
is cultivated widely for commercial use in several tropical coun-
tries including Australia, Africa, Fiji, India, Indonesia, Sri 
Lanka, and China.50

Ginger has been shown to inhibit the activation of TNF-α, 
interleukin 1β (IL-1β), and inducible nitric oxide synthase.56 
In a study by Lee et al, using macrophages derived from bone 
marrows, it was shown using a immunoblot analysis and a 

Figure 3.  Chemical conversion of gingerol to shogaol.a,b,c

aGingerols and shogaols are biologically active compounds of ginger responsible 
for its medicinal value. However, conversion to shogaol in the body can lead to a 
reduction of ginger’s value in the body.
bThis is an original figure produced utilizing the ChemSPACE19 website (https://
chem-space.com/search) drawing tool.
cElements from a study by West and Kim55 were used to produce this figure.
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kinase assay, D10G (1-dehydro-[10]-gingerdione), a derivative 
of ginger extract, caused disruption of NF-κB transcriptional 
activity leading to suppression of iNOS, COX-2, and interleu-
kin 6 (IL-6). In another study by Naderi et al,57 it was found 
that ginger extract leads to a reduction in levels of inflamma-
tory markers, NO, and C-reactive protein (CRP). In this study, 
120 outpatients with diagnosed OA were split into a PG and a 
ginger group (GG). The GG was provided 500 mg capsules 2 
times a day for 3 months, and by the end of the 3 months, a 
larger decrease of CRP (11.21 → 9.66 in PG and 11.06 → 8.47 
in GG) and NO (29.02 → 26.02 in GG; 29.21 → 27.02 in 
PG) was found in the GG. In another study by Mozaffari-
Khosravi et al,58 similar to the previous study, 120 patients were 
split into GG and PG groups. The levels of the cytokines, 
TNF-α, and IL-1β, at the end of 3 months decreased in GG 
relative to PG. Ginger has also been shown to suppress levels of 
inflammatory cytokines in human synoviocytes.59 In vitro and 
in vivo animal studies have also shown that ginger can work as 
a dual inhibitor of both COX and LOX synthesis.60 In addi-
tion, it is also known that ginger inhibits several genes encod-
ing chemokines and cytokines.61 In a study by Tjendraputra 
et al,62 it was shown that gingerols are more potent inhibitors 
of cyclooxygenase 1 (COX-1) than cyclooxygenase (COX-2). 
Inhibition of COX-2 is said to lead to more anti-inflammatory 
effects without many side effects; however, inhibition of 
COX-1 tends to lead to GI and renal side effects.63 Surprisingly, 
ginger is gastroprotective and has anti-ulcer activity.64

There are several studies investigating the effects of ginger 
on pain in OA. For the purpose of this review, we will be delv-
ing into 3 of such studies. In a study by Rayati et  al,65 120 
outpatients were divided into 3 groups, PG, ginger extract 
group (GE), and IBP. The GE was provided 30 mg ginger tab-
lets in two 500 mg tablets daily, and the IBP received three 
400 mg ibuprofen tablets daily. Four outcomes were measured, 
namely VAS, gelling pain, joint swelling measurements, and 
joint motion slope measurements. Dunn’s test for multiple 
comparisons showed significant differences in these parame-
ters between the GE versus PL and the IBP versus PL groups 
but not significant differences in the GE versus IBP groups. 
The improvements in the 4 parameters were roughly similar 
between the 2 groups showing ginger’s equivalence in treating 
chronic OA pain. In another study by Paramdeep,61 60 patients 
with established knee OA were divided into 3 groups, 20 
patients each. Group I was provided diclofenac 50 mg and pla-
cebo capsule, group II received a capsule of ginger 750 mg and 
placebo capsule, and group III received 750 mg ginger capsule 
and 50 mg diclofenac for 12 weeks with WOMAC and VAS 
scores assessed every 2 weeks. In terms of WOMAC scores, 
with group I, a 74.83% improvement was found; with group II, 
a 63.68% improvement was found; and with group III, a 
79.43% improvement was found. Furthermore, no major statis-
tically significant differences were found in adverse events 
between the groups. It was concluded that ginger has beneficial 
effects for patients with OA, with the study finding that ginger 

can reduce the symptoms of OA with a favorable side-effect 
profile. In another study by Tosun et  al,66 improvements in 
WOMAC scores were found 5 weeks after using daily ginger 
massages in established patients with knee OA. Improvements 
in total WOMAC scores were noted in the self-massage group 
(12.13 → 8.31) compared with the standard treatment group 
(14.02 → 12.53), each consisting of 34 patients. This study 
concluded that massage treatments with ginger oil can act as an 
adjuvant to standard OA treatment.

From our analysis and review of ginger root, it can be seen 
that ginger appears to have significant effects on reducing the 
pain indices of patients with OA, and there is literature evidence 
for the effects on a cellular level through inhibition of COX and 
LOX and other cytokines including TNF-α and IL-1β.

Ascorbic Acid
Ascorbic acid or vitamin C is a water-soluble vitamin that can-
not be synthesized by the body and instead is taken up from 
diet. It is rich in foods such as oranges, broccoli, and potatoes 
to name a few and is a crucial component for 15 mammalian 
enzymes. It accomplishes its enzymatic support by being an 
electron donor, which also accounts for its physiological 
effects.67,68 When it loses one electron, the product left is an 
ascorbate radical, an unstable radical species. When another 
electron is lost, a more stable species called dehydroascorbic 
acid is formed. Plasma and tissue concentrations are dependent 
on consumption, excretion (primarily through the kidneys), 
utilization, and its availability biologically.69 Deficiencies can 
leave the body with devastating effects as ascorbic acid is a key 
player in collagen production. The most well-known pathology 
associated with significant deficiency is scurvy, a disease defined 
by bruising and bleeding due to lack of adequate collagen pro-
duction. Although this disease has been known about since 
ancient times, scurvy has caused quite a few large-scale deaths 
in the past 500 years as exploration boomed and people were on 
ships for long periods of time following poor diets. During the 
18th century, James Lind found that citrus fruits could cure 
scurvy in what may have been the first controlled clinical 
trial.67,69 However, it would not be until several decades later 
that vitamin c would be used to remedy scurvy. As far as the 
scientific community was concerned at that time, the causation 
of scurvy had no concept of some nutritional deficiency. It was 
not until 1928 when Albert Szent-Gyorgyi first isolated ascor-
bic acid and until 1932 when it was shown to be the antiscor-
butic factor by Szent-Gyorgyi and King.70,71

As mentioned above, vitamin C is crucial for collagen syn-
thesis by acting as a cofactor for 2 enzymes essential for colla-
gen synthesis: prolyl hydroxylase, which stabilizes the collagen 
molecule, and lysyl hydroxylase, which gives structural strength 
cross-linking. By producing collagen, the human body strength-
ens its tendons and ligaments which provide additional struc-
tural support for its joints.72 More recently, studies have shown 
that vitamin C plays a key role in reducing inflammation in the 
body. One study conducted showed that daily supplementation 
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vitamin C 500 mg twice a day could reduce inflammatory pro-
file by reducing high-sensitivity CRP and IL-6 in hypertensive 
and diabetic obese patients.73 Interestingly, there is evidence 
that vitamin c levels are often depressed in individuals with 
active inflammation.74-77

Even more recently, some studies have suggested vitamin c 
may play a role in OA. One study was performed where 
researchers treated a chondrosarcoma line with monosodium 
iodoacetate (MIA) which not only inhibited cell growth but 
also increased oxidative stress, proteoglycan loss, and apoptosis 
of cells. At the center, they found increased pro-inflammatory 
markers IL-6, interleukin 17A (IL-17A), and TNF-α along 
with increased MMPs.78 All of these changes were prevented 
with treatment of 100 µM vitamin C. The same researchers 
took things one step further and experimented in animal mod-
els where MIA was injected intra-articularly to mimic degra-
dation seen in OA. They found vitamin C lessened these 
degradative changes but only at the 100 µM level.78 Another 
study implemented an experimental design with 2 groups; one 
treated with placebo (collagen peptide and hyaluronic acid) and 
the other treated with the intervention (collagen peptides, hya-
luronic acid, and vitamin C). There was a total of 120 human 
patients with 60 patients in each group. Researchers used a 
VAS from 0 to 10 with higher levels meaning greater reported 
pain. After 6 and 12 months, the experimental group with vita-
min supplementation was found to have lower scores both 
times (P < .05). In addition, the same group reported better 
quality of life and less use of painkillers compared with the 
placebo.79

Vitamin D
Vitamin D is a fat-soluble vitamin that structurally is a steroid. 
Vitamin D insufficiency affects approximately 50% of the pop-
ulation worldwide. As the level of melanin increases in an indi-
vidual, so does the sun exposure required for adequate vitamin 
D production.80 Vitamin D is unique in that, naturally, it is 
made in the skin following exposure to sunlight. The vitamin 
D from the skin or diet is not active and must be first hydroxy-
lated in the liver where 25(OH)D is formed. It still requires 
further hydroxylation in the kidneys where the active form of 
vitamin D, 1,25(OH)2D, is formed. This active form of vita-
min D or calcitriol (structure depicted in Figure 4) importantly 
plays a crucial role in calcium absorption and thus plays an 
important role in bone health.80 One study performed a com-
bined analysis on 12 fracture-prevention trials and showed that 
supplementation with 800 IU of vitamin D daily reduced non-
spinal and hip fractures by 20% with no significant benefit 
when using 400 IU of vitamin D daily.81

Vitamin D also plays a role in a wide array of biological func-
tions ranging from inhibiting cellular proliferation to stimulat-
ing macrophage cathelicidin production.80 The use of vitamin D 
to treat a wide array of illnesses has been in effect for years now 
and for good reason. Vitamin D deficiency is linked with auto-
immune disease, cardiovascular disease, and musculoskeletal 

decline to just list a few.82 Vitamin D’s role in cartilage health 
and OA is unclear, however. Multiple studies have shown that 
vitamin D receptors are upregulated on damaged cartilage.83 
Vitamin D binding to its receptor activates a signaling cascade. 
One study showed that chondrocytes will express increased 
metal metalloproteinases (MMP) 1, 3, and 9 in vivo which ulti-
mately leads to faster bone degradation.83,84 When the joint 
degenerates, the body’s response is to upregulate vitamin D sign-
aling in the arthritic joint to help spread contact pressures in the 
joint across new bone formation or osteophytes. It is not clear 
whether this is a positive or negative response.85

In terms of OA and vitamin D deficiency, several studies 
have shown similar results. One prospective study showed that 
when individuals with similar characteristics and vitamin D 
deficiencies were assessed radiographically, those individuals 
had an increased risk of OA of the knee. A cross-sectional 
study which had controls that were age-matched showed simi-
lar results but in patients younger than 60.86,87 Interestingly, 
some studies found that individuals with OA had significantly 
decreased serum 25(OH)D levels. Bassiouni et  al88 and 
Veronese et al89 similarly showed that this was true when per-
taining to knee OA. A cross-sectional study by Jansen and 
Haddad showed increased prevalence of vitamin D deficiency 
in elderly patients with advanced knee OA further supporting 
this point.90

However, vitamin D supplementation in the prevention of 
OA has yielded inconclusive results. One study showed that 
there was an increased risk of hip arthroplasty specifically in 
men inflicted with OA and increased vitamin D serum concen-
trations.90 A 2-year randomized controlled trial including 413 
individuals showed, when compared with previously vitamin 
D–deficient patients, individuals who received monthly vita-
min D doses did not have significant clinical or cartilage vol-
ume differences.91 In a separate double-blind, randomized 
placebo-controlled trial, there was no significant difference in 

Figure 4.  Structure of the active form of vitamin D or calcitriol.a
aThis is an original figure produced using the ChemSPACE website19 (https://
chem-space.com/search).
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medial joint space narrowing of the knees in individuals that 
were supplemented with vitamin D versus individuals that 
were not (placebo).92

Boswellia
Boswellia serrata is a plant that produces Indian frankincense. 
The resin of the plant has been used as incense in religious and 
cultural ceremonies in those areas for thousands of years. It is a 
moderate-sized tree that grows predominantly in the dry 
mountainous regions of North Africa, India, and the Middle 
East. Initially, it is an oleo-gum resin material that is its raw 
product; special steps are followed that include storage in bam-
boo to separate the oil content from the resin.93 The resinous 
part contains a series of terpenes including monoterpenes, dit-
erpenes, and triterpenes as well as some acids. The major acids 
contained in the resin are 4 triterpenic acids: β-boswellic acid, 
acetyl-β-boswellic acid, 11-keto-β-boswellic acid, and acetyl-
11-keto-β-boswellic acid. Interestingly, these 4 acids are 
responsible for inhibiting pro-inflammatory enzymes. In par-
ticular, acetyl-11-keto-β-boswellic acid (chemical structure 
depicted in Figure 5) is an extremely potent inhibitor of 
5-lipooxygenase, a key enzyme involved in the inflammatory 
cascade.93 This particular acid has shown significant results in 
several inflammatory conditions such as rheumatoid arthritis, 
asthma, and inflammatory bowel disease.94,95 Several clinical 
studies have shown that boswellia is not only effective at treat-
ing inflammation and arthritis but also has positive effects in 
patient-reported outcome measures such as improvements in 
pain and physical function.96-99

A systematic review by Yu et al explored the effectiveness of 
boswellia as an alternative form of treatment for OA. They col-
lected data from 7 randomized controlled trials that included a 
grand total of 545 patients. They showed that compared with 

control groups, boswellia and its extract improved pain 
(weighted mean difference of −8.33 on the VAS), improved 
stiffness (weighted mean difference of −10.04 on WOMAC), 
and improved joint function (weighted mean difference of 
−10.75 on WOMAC). All of the data were statistically signifi-
cant with use of boswellia or its extract for at least 4 weeks.101 
Therefore, it appears boswellia is a more than adequate alterna-
tive to treating OA.

Discussion
Osteoarthritis is one of the leading causes of disability univer-
sally. As a widespread chronic disease, it affects virtually any-
one, correlating with 3% years of living with disability 
worldwide.102,103 For this reason, several pharmacologic treat-
ments have been developed from intra-articular corticosteroid 
injections to oral nonsteroidal inflammatory drugs to more 
natural treatments like capsaicin, which is the active ingredient 
in different hot peppers.102,103 However, some of these treat-
ments have significant side effects that might sway a clinician 
from prescribing said drug or administering said medication. 
For example, NSAIDs are highly effective for reducing inflam-
mation and play a key role in OA treatment but can cause GI 
bleeds, cardiovascular side effects, and kidney toxicity.104 This 
is because the very enzymes they inhibit to reduce inflamma-
tion are also involved in other systems of the body. For example, 
NSAIDs work by inhibiting both cyclooxygenase 1 and 2 
(COX-1 and COX-2), enzymes crucial for the inflammatory 
cascade. However, inhibition of COX-1 reduces prostaglandins 
responsible for gastric mucosal protection through vasodila-
tion, stimulation, and secretion of mucus and bicarbonate from 
the gastric and duodenal mucosa.105 This can leave the mucosa 
vulnerable to ischemia and can set the stage for possible ulcer 
formation and bleeding.

Intra-articular injections, although very beneficial at times, 
also come with their own set of side effects. Designed to be 
locally acting, intra-articular joint injections can have both 
local and systemic side effects. A study by Anderson et  al 
included 1708 patients from 3 different regional hospitals from 
the years 2000 to 2016 that received either ankle or talar joint 
injections. Of the 1708 patients, 99 patients or 5.8% experi-
enced side effects within 90 days of injection. In all, 78 of the 
affected patients experienced postinjection flare and 10 of the 
affected patients experienced a skin rash. There were no postin-
jection infections seen in the cohort studied.106 This does not 
mean more serious side effects do not exist. Some of these 
more serious complications include but are not limited to sub-
chondral insufficiency fractures, osteonecrosis, rapid joint 
destruction, and, ironically, accelerated OA progression.106-109

Often, patients can fail a specific treatment, fail a treatment 
regimen, or experience side effects as listed above. This has 
sparked a growing interest in more natural products to help 
reduce inflammation, something directly applicable to OA. A 
study by Cameron et  al looked at 35 studies evaluating the 

Figure 5.  Chemical structure of acetyl-11-keto-β-boswellic acid, a potent 

inhibitor of 5-lipooxygenase.a,b

aThis is an original figure produced utilizing the ChemSPACE19 website (https://
chem-space.com/search) drawing tool.
bElements from the National Center for Biotechnology Information100 website 
(PubChem. Acetyl-11-keto-beta-boswellic acid. Accessed August 7, 2021) were 
used to produce this figure.
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effectiveness of herbal medicinal products. They found topical 
capsaicin, avocado-soybean unsaponifiables, and a Chinese 
herbal mixture called SKI306X provided benefit in alleviating 
OA-related pain.110 More recently, a clinical trial study by 
Sharkey et al investigated Synogesic, a nutritional supplement 
consisting of vitamin C, vitamin D, rutin, boswellia, turmeric, 
and ginger root, and its effect on patients with knee OA. A 
total of 43 individuals were split into 2 groups, one that 
received the nutritional supplement and one that received saf-
flower oil placebo. After 12 weeks, researchers concluded that 
OA-related ailments improved based on patient-reported out-
come measures.12

Researchers also found during the study period that 26 pro-
inflammatory markers out of 41 decreased for the nutritional 
supplement group, whereas only 13 pro-inflammatory markers 
out of 41 decreased for the PG. Interestingly, synovial fluid 
inflammatory markers overall increased by 6.2% for the group 
that received nutritional supplement and 54.6% for the group 
that received placebo.12 Prior to starting the study, patients 
were instructed to stop taking all conventional NSAIDs. With 
the increase in inflammatory markers from baseline in both the 
experimental group and PG following the conclusion of the 
study, one may assume that the other inflammatory markers 
that did not decrease following the study actually increased 
drastically to account for the increase from baseline.12 
Assuming the 6.2% increase was significant, one may assume 
NSAIDs are more efficacious when compared with the nutri-
tional supplement in reducing inflammation associated with 
OA as inflammatory markers were increased from baseline 
conventional NSAID use. However, the researchers reported 
that as patients were instructed to stop NSAIDs just prior to 
starting the trial, the recent use of NSAIDs may have affected 
baseline inflammatory marker level. Rebound inflammation 
that could have occurred abruptly after stopping NSAIDs 
could also be a thought. Nonetheless, the side-effect profile for 
the nutritional supplement is little to none when compared 
with conventional NSAIDs.

Patients in the Synogesic study still reported improvement 
across all patient-reported outcome measures. This makes 
sense as most of the ingredients that make up this product are 
anti-inflammatory in nature. The slight increase from baseline 
in synovial fluid pro-inflammatory markers raises some ques-
tions; this could be due to recent NSAID use prior to the study 
as the authors said or it could be that it is less efficacious 
(assuming the 6.2% increase was significant). If it be the latter, 
it still has been shown to be quite effective when compared 
with using no useful intervention as suggested by Sharkey 
et al12 and their use of safflower as a placebo. Also, the nutri-
tional supplement includes some ingredients that can slow pro-
gressive degenerative changes. Both facts justify its use in 
patients. For example, as mentioned above, turmeric’s active 
ingredient is curcumin which has been shown to inhibit early 
degenerative changes. It does this by inhibiting IL-1β and 

antagonizing the suppression of collagen type II along with 
β1-integrin synthesis. By doing this it has shown to exert anti-
apoptotic and anticatabolic effects on chondrocytes, preventing 
articular degeneration by OA.25 At this time, the use of the 
nutritional supplement can be in conjunction with NSAIDs 
producing a synergistic effect in reducing inflammation and 
treating OA. Perhaps, it can also decrease the dose of NSAIDs 
patients use which could ultimately decrease adverse side 
effects seen in patients with chronic or increased use.

Conclusions
Overall, Synogesic and NSAIDs appear to be effective at 
treating inflammation associated with OA. The patient-
reported outcome measures in the Synogesic trial were all 
positive. This along with the significantly smaller increase in 
pro-inflammatory markers as compared with the placebo 
used in the study should warrant its use if not by itself then 
definitely as an adjunct to NSAIDs. The question still 
remains whether NSAIDs are superior to the nutritional 
supplement or vice versa as there were some limitations to 
the study by Sharkey et al. At this time, there is a need for 
basic scientific evidence for the mechanism of action and 
effects for this supplement in OA models (laboratory or ani-
mals). In the future, larger studies specifically looking at pro-
inflammatory markers along with further research comparing 
Synogesic and conventional NSAIDs head on in both ani-
mals and a laboratory setting could provide more evidence 
for additional claims.
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