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Abstract Rheumatoid arthritis (RA) leads to joint
deterioration and inflammation, causing pain and disability.
Traditional therapies like Non-steroidal anti-inflammatory
drugs (NSAIDs), Disease-modifying antirheumatic drugs
(DMARD:S), and biological products have limitations and
adverse effects, prompting interest in complementary
treatments like phytosomes. Phytosomes enhance the
bioavailability of plant-derived chemicals by combining
them with phospholipids. Substances like curcumin,
boswellic acids and EGCG exhibit anti-inflammatory and
antioxidant properties relevant to RA. Phytosomal
formulations of these compounds show increased
effectiveness compared to conventional forms. Curcumin
and boswellic acids in phytosomal form demonstrate anti-
inflammatory and cartilage-protective benefits in RA
models. Epigallocatechin-3-gallate (EGCG) from green tea,
when phytosomally delivered, reduces inflammatory
mediator release and aids in joint tissue healing. Moreover,
phytosomal formulations may reduce systemic toxicity
associated with traditional RA treatments, crucial for
managing the disease's chronic nature. Phytosomes may
modulate the immune system, impacting cytokine
production and immune cell activity, potentially modifying
the disease course. Despite promising preclinical and some
clinical data, further randomized controlled studies are
needed to confirm the safety and efficacy of phytosomal
treatments for RA. Personalized treatment regimens and
evaluation of herb-drug interactions are vital

considerations. Hence, phytosomes offer improved
bioavailability and therapeutic potential for plant-derived
compounds in RA therapy. However, a comprehensive
understanding of their mechanisms, dosage optimization,
and long-term safety necessitates further research.
Integrating phytosomes into RA care could provide
patients with additional options for symptom relief and
enhanced quality of life.
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1. Introduction

An autoimmune and persistent inflammatory condition
mostly affecting the joints is Rheumatoid arthritis (RA) [1].
The gradual start of RA leads to joint swelling, pain, and
eventual joint degeneration. The prevalence of RA is rising,
and currently 0.5 to 1% of the total population are suffering
from RA globally [2]. Antibody and complexes of the
immune system are prevalent in the pathophysiology of RA.
Other aspects include strong tumor-like activity in
rheumatoid synovium, antigen-independent cytokine
networks, T-cell-mediated antigen-specific responses, and
antigen-specific responses mediated by T cells [3]. Usually,
it is believed that a disease is finally brought on by a mix
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of environmental and genetic variables, including favoring
genes, lifestyle factors like infectious agents, work-related
exposures, tobacco smoking and pet exposure [4]. A
complicated relationship exists between lipid levels and the
risk of CVD in RA patients. It is widely known that there
is a virtually linear association between cholesterol and the
risk of cardio vascular disease in the normal population.
Individuals with RA frequently have lower lipid levels than
persons without the condition, despite UK cohort research
found that between 55% and 65% of RA patients had
higher cholesterol levels. Since poor cholesterol levels in
RA also increase the risk of CVD, the cholesterol/CVD risk
curve is projected to be U-shaped; thus it has been referred
to by experts as a "lipid contradiction" [5].

Over the past few decades, rheumatoid arthritis (RA)
treatment has experienced a tremendous shift, and the aims
in medical, structural, and functional elimination are now
attainable. Nevertheless, a high number of patients acquire
drug resistance to many therapies. Individuals having
difficulty treating RA are in specific those whose disease
activity remained uncontrolled despite utilizing at least two
biological disease modifying antirheumatic medicine
(DMARD:S) or targeted synthetic DMARDs (tsDMARDs)
with a diverse mode of action (MOA). An uncontrolled
disease activity and a reduced standard of existence, in
addition to the financial strain carried on by continuous use
of the healthcare system and repeated hospitalizations, are
the fundamental concerns of D2T RA, a varied and difficult
disease condition [6].

When compared to traditional plant extracts, a thorough
analysis of the literature on various phytosome products
has revealed considerable medicinal or health-promoting
effects. In due course, phytosomes may be created for a
variety of therapeutic uses, including hepatoprotection,
cardiovascular health, liver disorders, anti-inflammatory,
immunomodulation, anticancer, and antidiabetic effects, as
well as preventative and health benefits as nutraceuticals
[71.

The Italian business Indena S.P.A. developed the
patented phytosomes technique. They have described a
"proprietary" hundred percent foodgrade delivery system
that enhances the biodistribution and absorption of natural
active ingredients by combining them with a beneficial
dietary component (lecithin) [8]. In comparison to
traditional dose forms, phytosomes are a sophisticated
herbal medicine that is more easily absorbed and used and
ultimately generates superior outcomes. Improved
bioavailability has been shown in pharmacokinetic studies
and pharmacokinetic tests on people and experimental
animals [9].

After forming phospholipid complexes, the constituents'
membrane permeability and oil-water partition coefficient
significantly increase. This enhancement allows phyto-
phospholipid complexes to be absorbed more efficiently,
resulting in higher bioavailability than free active
constituents. Notably, the phospholipid complex technique
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has successfully addressed the challenge of poor

bioavailability for numerous active compounds [10].
Thus, phytosomes represent an innovative advancement

in enhancing the bioavailability and efficacy of plant-based

compounds. By encapsulating plant extracts within
phospholipid complexes, phytosomes improve the
absorption of active ingredients across biological

membranes, ensuring higher bioavailability and prolonged
therapeutic effects. This technology preserves the integrity
of phytochemicals, allowing for targeted delivery and
reduced degradation. Compared to traditional plant extracts,
phytosomes provide superior clinical outcomes, making
them a preferred choice for nutraceutical and
pharmaceutical applications. Their proven effectiveness,
safety, and enhanced delivery profile position make
phytosomes the best option for maximizing the benefits of
botanical ingredients in health and wellness formulations.

1.1. Herbal Compounds for Rheumatoid Arthritis

Traditional medicines are a gift from nature and a part of
our cultural heritage; they are essential to living a healthy
life. A lot of information has been learned to emphasize the
enormous potential in plants with medicinal properties
used in many ancient cultures as a consequence of the
current worldwide emphasis on plant studies [11].
Regardless of the fact that the therapeutic benefits of herbal
medicine have been scientifically shown in traditional
contexts over thousands of years, a lack of understanding
of how the human body functions inhibit its usage and
progress [12]. The various natural herbs essential for the
treatment of rheumatoid arthritis are given in Table 1.

1.2. Anti-Inflammatory and Anti-Oxidant Properties in
Herbal Compounds

Turmeric is an Indian spice that is made from the herb
Curcuma longa, which has an ancient history of usage in
the practice of Ayurveda to relieve inflammation. Studies
show that the extremely adaptable compound curcumin
interacts with a variety of molecular sites related to
inflammation. A tumor necrosis factor-alpha, interleukin
(IL)-1, 2, 6, 8, and 12, the monocyte chemoattractant
protein, migration inhibitory protein, mitogen-activated
and Janus kinases, as well as their production, are some of
the inflammatory cytokines that curcumin reduces. It is
most likely curcumin's decreased activation of nuclear
factor kappa B (NF-KB) that allows it to inhibit
cyclooxygenase-2 and iNOS. Its pervasive eukaryotic
transcription element NF-KB controls cell proliferation and
transformation. It is believed that curcumin suppresses the
activation of NF-K B and the production of genes that
cause inflammation by inhibiting I-kappa B kinase (IKB)
phosphorylation. By reducing NF-ICB activation, the
formation of cyclooxygenase-2 and iNOS is eventually
downregulated, which lowers tumors and inflammation
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[13].

Lycopene, a potent antioxidant, is present in foods
including tomatoes, guava, blood oranges papaya, apricots,
pink grapefruit, and watermelon. Here are some instances
of how flavonoids function as antioxidants; Direct
scavenging of reactive oxygen species, the chelation
process of trace components by restrictions of reactive
oxygen species development which means just like
quercetin that has iron-chelating as well as iron-stabilizing
characteristics, along with reduction of enzymes which
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build liberated radicals like microsomal monooxygenase,
NADH oxidase, the mitochondrial succinoxidase, a
substance called glut S-transferase, and xanthine oxidase),
and stimulation of anti-oxidants protection such as
increased levels of antioxidants enzyme using the radical
scavenging capacity [14]. The Benefits of Plant herbal
remedies for Rheumatoid arthritis: There are certain
bioactive components present in many herbs that play a
vital role in treating rheumatoid arthritis by targeting
certain inflammatory mediators as shown in Table 1.

Table 1. Various natural herbs which are essential for rheumatoid arthritis
Herb Name Family Bioactive Substances The Natural Product lj‘ocus on Reference
Inflammatory Mediators
Salai guggul Burseraceae Boswellic acid Proinflammatory cytokine and 5-LOX [15]
s . . Cyclooxygenase-2, Mitogen activated
Devil’s claw Pedaliaceae Harpagosid protein kinase, Nuclear factor kappa B [16]
s . . . Pro-inflammatory cytokines, anti-
Cat’s claw Rubiaceae Mitraphylline oxidant, Nuclear factor kappa B [17], [18]
Burn nettle Urticaceae Flavonoid and glycosides, Nuclear factor kappa B, PLA2 [19]
Ginger Zingiberaceae Zingerone and Gingerol Cyclooxygenase-2,Nuclear factor [20]
kappa B
. L . Pro-inflammatory cytokines (Tumor
Curcumin Zingiberaceae eureumin necrosis factor-a and Interleukien-1p) (21]
. . 1 -2, Interferon-
Green Tea Theaceae Epigallocatechin-3-gallate Cyclooxygenase ,.nter eron-y and [22]
Tumor necrosis factor -a
. Mitogen activated protein
ManyCe;rel?ilt,sveggles, Poaceae, Quercetin kinase,Nuclear factor kappa B, [23]
PI3K/AKkt, Janus kinase-3
Nuclear factor kappa
B,Cyclooxygenase-2, Matrix
Witahnia somnifera Solanaceae Withanolide metalloproteinases-9, Intercellular [24]
adhesion molecule (ICAM), CAM-1,
a-ClI, C-reactive protein
Nuclear factor kappa B,
Tripterygium wilfordi Celastraceae Celastrol Cyclooxygenase-2, Matrix [25]
pLeryg metalloproteinases -9, Tumor necrosis
factor -a
Interleukin-6, Interleukin-1f, Tumor
Trachydiumroylei Apiaceae Myristicin necrosis factor -a, Nitric oxide, [26]
Prostaglandin-2
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2. Phytosomes: Enhancing Herbal
Bioavailability

"Phyto" refers to a plant, while the term "some" denotes
anything "cell-like." The vesicular drug delivery method
known as phytosomes (or herbosomes) increases the
bioavailability and absorption of low-soluble medicines.
Phosphatidylcholine (or another hydrophilic polar head
group) combines via plant extracts in an aprotic solvent to
create phytosomes, which are structures made up of

phospholipids ~ with  naturally  occurring  active
phytochemicals [27]. Pharmaceutical companies can use
phytosome technology to address issues with
bioavailability and absorption for different herbal

formulations, which will lead to more efficient and
effective illness treatments [28]. Rutin has a new drug
delivery method because its oral bioavailability is very low.
The oral bioavailability and transdermal penetration of
polyphenols are improved by phyto-phospholipid
complexes (phytosomes). To determine whether rutin
phytosomes (RN-P) were suitable for transdermal
administration in inflammatory situations, they were
produced and described [29].

2.1. Structural Composition of Phytosomes and Their
Mechanism of Action

2.1.1. Phospholipid

In phospholipids, an alcohol binds a hydrophilic head
group (polar) to the hydrophobic (non-polar) acyl chain. A
polar solvent, a non-polar solvent, and phosphorus are all
components of phospholipids, which are lipids.
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Glycerophospholipids and sphingomyelins are two
subtypes of phospholipids that can be distinguished based
on the backbone's structure. All biological membranes
contain a variety of these groups in different configurations.
Phosphatidic acid (PA), phosphatidic acid (PE),
phosphatidylinositol (PI), phosphatidylethanolamine (PE),
and phosphatidylserine (PS) are examples of compounds
that function similarly. The three primary phospholipids
that are utilized are to build a complex with the hydrophilic
head group and two hydrophobic hydrocarbon chains.

*  Phosphatidylcholine

Phosphatidylethanolamine

Phosphatidylserine

2.1.2. Structures of Phospholipids

Glycerol phospholipids are phospholipids that contain
glycerol; based on the alcohols they contain, they can also
be split into glycerol phospholipid and sphingomyelin. The
sources claim that phospholipids can be classified into two
categories: 1) natural phospholipids, and 2) synthetic
phospholipids.

2.1.3. Structure of Phytosome

The term "phyto" describes the biologically active
component of the phytosome complex that comes from the
plants. Some depict the complex's ultimate form as having
characteristics comparable to those of cell membranes.
Phytosome complexes are proven to be compatible with
both hydrophilic and lipophilic media. In terms of chemical
composition, they resemble cell membranes and serve as a
mechanism for the distribution of Phyto lipids as shown in
Figure 1 [30].

Phospholipid
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‘
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Structure of phytosome
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2.1.4. Mechanism of Phytosome Technology

Two causes are mostly to blame for the reduced
bioavailability and absorption of polyphenolic components.
There are some ringed molecules among these main
ingredients, and they are not too small to be taken in by the
diffusion process. The primary components of polyphenols,
or flavonoid molecules, have a low solubility with lipids,
which is the second cause. These are the restrictions
preventing their absorption across biological membranes.
A 1:1 or 1:2 ratio between polyphenols and phospholipids
leads to the creation of phytosome technology [31].

A bifunctional substance, phosphatidylcholine has a
hydrophilic ~ choline moiety and a lipophilic
phosphatidylcholine moiety. Phosphatidylcholine,
specifically the choline head, attaches to these chemicals,
and the phosphatidyl portion that is lipid-soluble, which
comprises the tail and the body, and envelops the
cholinebound substance. The phytomolecules therefore
produce the phyto-phopholipid complex, a phospholipid as
well as a lipid soluble molecular complex. Specific
spectroscopic  methods  may  demonstrate  that
phytomolecules are chemically linked by the polarized
choline head of phospholipids. According to the described
chemical analysis, the herbosome unit is normally made up
of a flavonoid molecule joined by a least one
phosphatidylcholine molecule [32].

2.2. Formulation of Phytosomes: Techniques and
Advantages [31]

Under reflux and stirring, phospholipids are added to the
turmeric rhizome hydroalcoholic extract in an ethanol
solution to create phytosomal curcumin. Lyophilization,
vacuum drying, spray drying, or precipitation with non-
solvent are all methods for isolating phytosomes. However,
phytosomes, the function group that is made up of the
phytochemicals, are directly bound by the polar head that
makes up phosphatidylcholine. In liposomes, no chemical
contact is created as the phosphatidylcholine molecules
surround the phytochemical. Comparing phytosomes to
liposomes, this difference may result in better oral
absorption and stability profiles [33].

The advantages of phytosomes over conventional herbal
formulations are as follows:

1. They significantly boost the therapeutic potential for
polar plant extracts by boosting their oral lipid-
insoluble bioavailability.

2. Due to the active components' enhanced absorption,
even a modest dosage may have the desired results
[32].

3.  They have been utilized to give polyphenols which
protect the liver and are bioavailable.

4. This approach offers synergistic benefits and a
practical means of supplying phytoconstituents [34].

5. Phytosomes increase absorption through the skin and
bioavailability and promote the penetration of herbal
substances to tissues [35].

531

6. Phosphatidylcholine functions as a hepatoprotective
and assists in the production of phytophospholipid
complexes.

7. Phytosomes share the same nutritional benefits as
phospholipids.

8. The phytoconstituent within phytosomes may travel
through the intestinal tract and be more easily
absorbed.

9.  With herbosomes, drug entrapment is not a concern
due to the complex is biodegradable [36].

3. In vitro Release Study

Broeren et al. designed a comprehensive, positive, and
entire individual RA synovial cell suspension or primary
RA-FLSs plus peripheral CD14+ monocytes to create an
entire in vitro three-dimensional synovial membrane model.
This model replicates the natural 3D architecture found in
the synovium, which forms an outer lining layer made up
of synoviocytes that resemble macrophages and fibroblasts.
Long-term TNF- input resulted in lining layer hyperplasia,
changed macrophage phenotypes, and an increase in
cytokines that promote inflammation, such as tumor
necrosis factor-A, Interleukin-6, Interleukin-8, and
Interleukin-1B, reconstructing crucial elements of
established RA. The results of the latter study demonstrated
that 3D in vitro methodologies provide limitless potential
as a fantastic replacement for both conventional testing for
drugs and mechanistic research [37].

4. In vivo Study

According to S. Nesci et al., they performed In vivo
studies using 36 rats (24 female and 12 male). The grouping
of rats is given in Figure 2. The rats were able to adjust to
the laboratory environment in just one week. All of the
paws in the investigated groups had their displacement
volume measured using a plethysmometer. All test rats
received a subcutaneous injection of 0.1 mL in 1%
carrageenan solution (made by using 0.9% saline) into the
sub-plantar area of the left hind paw. On the first day, the
paw volume of each rat was measured using a
plethysmometer five hours after the carrageenan was
administered. Due to the huge volume of the medication
suspension or formulation, it was given twice, one after the
other, in this trial. With the exception of the negative
control group, which received only 0.9% saline treatment,
all six groups of rats received their initial dosage of the drug
or formulation intraperitoneally (IP). Similar to this, all
groups of rats received their second dose of the medication
IP 10 minutes after the initial dose. Negative control,
extract also Formulations 1 and 2, pure EGCG, and
standard medication were given in the same way from the
second to the fourth day. A plethysmometer was used to
measure each rat's paw volume 3 hours following the
second administration of the medication or formulation
[38].
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_ Group 1 Negative control 0.1 ml of 1% camrageenan solution in 0.9% saline as

treatment

" (80mg/kg) as treatment

(10mg/kg) as treatment

GROUP 2 Extract: 0.1 ml of 1% camageenan solution and green tea extract

_ GROUP 3 Fonmulation]: 0.1ml of 1% camrageenan solution and phytosomal green
tea extract (80mg/kg) as treatment

| Group 5 Formulation 2: 0.1 ml of 1% camageenan solution and green tea extract
(10mg/kg) as treatment

GROUP 6 Standard group: 0.1 ml of 1% camageenan sohition and diclofenac sodmm

Figure 2. Grouping of /n-vivo study

5. Oxidative Stress Markers

The recurrence of an inflammatory state with elevated
levels of reactive oxygen species is what distinguishes
illnesses in humans. The inflammatory illnesses are made
worse by excessive ROS generation, which also causes
lipid peroxidation, protein carbonylation, and DNA
damage. Particularly, damaged mitochondria keep the cell
under stress, which makes mitochondrial dysfunctions
dangerous and responsible for human illnesses associated
with inflammatory responses. When deregulation and
malfunctions are not examined, the produced inflammation
loses its positive benefits and becomes potentially
hazardous. As a result, lowering oxidative stress with
reactive oxygen species scavenger substances turned out to
be an effective strategy to lower inflammation. Due to their
antioxidant qualities, natural substances, including
polyphenols, alkaloids, and coenzyme Q10, are able to
prevent the stimulation of nuclear factor kappa-B and also

affect the target gene expression, which may include
inflammatory genes. Additionally, in vivo and in vitro
studies as well as clinical trials have demonstrated the
antioxidant and anti-inflammatory benefits of phytosomes,
and this has been known for years to be a successful non-
pharmacological therapy while they have the ability to
increase the bioavailability and efficiency of natural
compounds [39].

Comparative Analysis with Conventional
Treatments [27]: The Phytosomes were compared with
other formulations such as Liposomes, Niosomes and
Transferosomes, which are depicted in Table 2.

The present management strategies for the degenerative
processes and symptoms of RA have a number of
drawbacks. Salicylates, non-steroidal anti-inflammatory
medicines, selective cyclo-oxygenase-2 inhibitors, and
Tumor necrosis factor inhibitors are among the first-line
medications for the treatment of RA [40].
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Table 2. Comparison of Phytosomes with other formulations

Characteristic Phytosomes Liposomes Niosomes Transfersomes
o Consist of Phosphqllpld and Made up of Phospholipid Contain Non-ionic Have Phospholipids
Constitution polyphenolic surfactant substance and .
. and cholesterol and surfactant mixture
phytoconstituents cholesterol
Stretchability Fixed Fixed Fixed Ultra-deformable

Primary use Plant based delivery

Gene and drug delivery

Cosmetics and Drug

delivery Dermal delivery

Route of
Administration

Oral, parenteral, topical,
transdermal

Oral, parenteral topical,

transdermal transdermal

High effectiveness of trapping
and a depot development that
releases the contents gradually

Essential
Characteristic

The ability to carry huge
medicinal devices, be
environmentally friendly,
and be self-assembled

Enhanced dispersion of
insoluble chemicals,
better stability, and

inexpensive components

Greater capacity for
deformation,
promoting deeper
skin-layer penetration

Leaching of the
phytoconstituents indicates the
unstable nature of the drugs by
diminishing the required drug

concentration.

Obstacles

Limited stability and
limited penetration into
the skin.

Surfactant toxicity and
poor penetration into the
skin

Surfactant toxic effects

6. Future Prospects

The combination extract of Millettia pinnata seed and
Kalanchoe pinnatum leaves, has been shown to have
antiarthritic properties in rat models of Freund's complete
adjuvant (FCA)-induced arthritis. FCA is made up of dried,
inactivated mycobacteria that successfully increase the
production of immunoglobulin and cell-mediated
immunity. Millettia and Kalanchoecombination extract
(PBCE), Millettia Pinnata ethanolic extract (PPEE), and
Kalanchoe pinnata ethanolic extract all significantly
reduced hematological and biochemical markers associated
with arthritis. Both plants are abundant in lipid-inhibiting
antioxidants, flavonoids, and polyphenols [41].

The current study compares, using in-vitro methods, the
anti-arthritic effectiveness of ethanolic extracts of
Salvadora persica Linn leaves (EESP) and Asparagus
racemosus roots (EEAR). Human RBC membrane
stabilization and prevention of the protein denaturation
process were chosen as the two in-vitro models for the
investigation. Diclofenac sodium was a commonly
prescribed medication. The outcomes of both models
demonstrated that protein (egg albumin) denaturation was
inhibited by EESP, EEAR, and standard medication
(diclofenac sodium) in a concentration-dependent manner.
It can be inferred from a comparison of the results that
EEAR has marginally stronger anti-arthritic activity than
EESP. The presence of phytocompounds like flavonoids,

steroids, alkaloids, etc. may be the cause of the activity [11].

7. Clinical Trial

In an early double-blind, randomized, controlled study
(RCT), individuals with rheumatoid arthritis were

compared between curcumin and phenylbutazone.
Turmeric with 1200 mg each day had beneficial benefits on
walking speed, stiffness in the morning, and joint edema.
However, doses, the scope of the investigation, and
phenylbutazone provided an even greater advantage [14].

Patient-reported outcomes (PROs) are observations
made by patients about how they feel or behave in
connection with an illness and its treatment, without the
help of medical professionals or any other third parties.
Indications, symptoms, functional status, perceptions, or
other factors like comfort and toleration may all be
connected to PROs. In a modern patient-centered
healthcare environment, the topic of PROs in RA appears
relevant and extremely fascinating. PROs are essential in
RA research because they represent the patient's viewpoint
and provide furthermore, different information, given that
there is a 30% discrepancy between patient and physician
ratings. The four most often assessed areas in clinical trials
include distress, patient global assessment, and standard of
life; nevertheless, these areas may not fully represent the
lives of RA patients [42].

8. Conclusions

Although many conventional and alternative arthritis
therapies have been discovered, they all have certain
disadvantages, including cost, safety, and short- and long-
term effectiveness. Herbal remedies may be used in place
of traditional drugs to treat the symptoms of RA and to
address the issues with existing therapy.

As a result, herbal supplements are a better and safer
option for treating this form of arthritis. The various plants
described in this article served as both a feasible source for
the creation of new drugs and provided enough evidence of
the effectiveness of herbal remedies in the management of
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rheumatoid arthritis.

Herbal phytosomes present a promising adjunctive
approach to managing rheumatoid arthritis (RA). They can
provide targeted relief and support, particularly in
managing chronic conditions like rheumatoid arthritis.
Furthermore, phytosomes can help reduce the need for
higher doses of herbal products, potentially lowering costs
and minimizing the risk of adverse interactions. Overall,
these benefits make herbal phytosomes a valuable option in

integrative
bioavailability and efficacy of herbal
phytosomes
inflammation,
function.

health enhancing the
compounds,
benefits in reducing
and improving joint
suggests that these

approaches. By
offer potential
alleviating pain,
Clinical evidence

formulations can complement traditional RA treatments by
providing a natural alternative with fewer side effects.
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