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A B S T R A C T

Objective: Native extracts of curcumin and boswellia are known to exert antiinﬂammatory properties
but have poor bioavailability when given orally. Using advanced micellation technology, it has been possible to produce stable solubilisates of these extracts with markedly enhanced bioavailability. In the present
study, we compared the chronic antiinﬂammatory activities of native and micellar curcumin in the rat
adjuvant arthritis model, using diclofenac as a reference drug.
Methods and procedures: Adjuvant arthritis was induced by injecting Freund’s complete adjuvant (FCA)
into the right hind paw of rats and monitoring paw volume over 3 wk. The drugs were given daily for
3 wk, starting from the day of adjuvant inoculation. The serum was collected at end of the experiment
for the assay of inﬂammatory and oxidative stress parameters. Statistical comparisons between different groups were carried out by one-way analysis of variance followed by Tukey-Kramer multiple comparison
test.
Results: Solubilized curcumin showed better antiinﬂammatory activity than its native form. The reduction in paw volume was reﬂected in corresponding changes in relevant mediators of inﬂammation like
tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), C-reactive protein (CRP), myeloperoxidase (MPO),
and lipid peroxidation markers. The combination of curcumin and boswellia solubilisates synergistically produced an even more potent therapeutic effect.
Conclusion: The ﬁndings conﬁrm that micellar solubilisation of curcumin and boswellia not only increases their bioavailability, but also enhances their biological activity. Micellar curcumin, in particular
in combination with micellar boswellia, may thus represent a promising concomitant tool for antiinﬂammatory treatment and a potential antiinﬂammatory alternative to synthetic drugs.
© 2018 Elsevier Inc. All rights reserved.

Introduction
Inﬂammation is one of the major causes of the development
of various diseases like arthritis, cancer, cardiovascular disease, di-
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abetes, obesity, osteoporosis, inﬂammatory bowel disease, asthma,
and even central nervous system (CNS)-related diseases such as
depression and Parkinson’s disease [1]. Reports in the literature
suggest that almost 90% of synthetic antiinﬂammatory drugs
produce drug-related toxicities, iatrogenic reactions, and adverse
effects compromising the treatment process [2,3]. Consequently,
an immense interest has reemerged in herbs exerting antiinﬂammatory activity as potential alternative or concomitant tools for
antiinﬂammatory treatment with much less side effects. The most
promising and widely used herbs in this context are Boswellia serrata
Roxb. ex Colebr. (Burseraceae) and Curcuma longa L. (Zingiberaceae).
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Curcuma has been used in Ayurvedic medicine to treat inﬂammatory conditions [4,5]. The three major curcuminoids
isolated from C. longa are curcumin, demethoxycurcumin, and
bisdemethoxycurcumin, with curcumin being the primary component. Numerous studies have demonstrated the antioxidant,
antimicrobial, antiinﬂammatory, anticarcinogenic, and
proapoptotic properties of curcumin [6] particularly for exhibiting therapeutic effects against arthritis [7] and various neurologic
[8] and pulmonary conditions [9].
Curcumin exerts its antiinﬂammatory activity at least partly
through modulation of pro-inﬂammatory signaling molecules and
enzymes such as cytokines (tumor necrosis factor (TNF)-α,
interleukin-1 beta (IL-1 β), interleukin-6 (IL-6)), nuclear factor
kappa B (NF–κB), C-reactive protein (CRP), cyclooxygenase (COX)2, 5-lipoxygenase (5-LO), and prostaglandin E2 [10,11]. Often
curcumin is combined with boswellia to enhance its antiinﬂammatory effect, especially because a number of pivotal enzymes
involved in inﬂammation, like 5-LO, cathepsin G (catG), and microsomal prostaglandin E synthase (mPGES)-1 as well as NF-κB
and several pro-inﬂammatory cytokines like TNFα, IL-1 β,
interleukin-2 (IL-2), and IL-6 are also inhibited by boswellic acids,
which have been shown to inhibit inﬂammatory mediators in experimentally induced arthritis [12] and to have potential in pilot
clinical trials to treat a variety of chronic inﬂammatory diseases like rheumatoid arthritis, osteoarthritis, chronic colitis,
ulcerative colitis, collagenous colitis, Crohn’s disease, and bronchial asthma [13,14].
Although curcumin has exhibited much therapeutic promise,
its use has been limited by its poor intestinal absorption, rapid
metabolism, and limited systemic bioavailability [15]. To increase its water solubility, stability, bioavailability, and potential
applications various strategies have been proposed and investigated, including its formulation in the form of nanoparticles,
liposomes, solid dispersions, microemulsions, and complexation with phospholipids and cyclodextrins [16–18]. Although
each of these novel delivery strategies offers promise, there are
still limitations to their potential use. Most of these technologies are not able to accommodate high loading of curcumin,
thus limiting the bioactivity of the ﬁnished products, and some
of the delivery systems are not readily suitable for food, drug,
and related applications. The present study involves an advanced micellation technology based on micellar solubilisation
of curcumin with Tween 80, which has been shown to result in
the largest increase of curcumin bioavailability reported to date
[19–21]. Thus, a 3.5-fold increase in the apparent permeability
coeﬃcient for micellar over native curcumin was observed in
the Caco-2 in vitro model, demonstrating a much better absorption of the micellar formulation in the small intestine [22]. This
was conﬁrmed in a human trial, where an up to 185-fold larger
AUC and a 455-fold higher maximum total curcumin plasma
concentration (Cmax) were observed for micellar curcumin
compared to the native form [19]. Encouraged by this tremendous increase in the oral bioavailability observed for curcumin,
micellar solubilization was also applied to boswellia extracts in
a recent pharmacokinetic study carried out in rats; showing an
enormous increase in the absorption of boswellic acids (unpublished results). Based on this, the present study pursued the
question whether micellar solubilization would also result in
an increased antiinﬂammatory activity of curcumin, boswellia,
and their combination compared to their respective native
forms in the rat adjuvant arthritis model. This is the ﬁrst study
setting great value on choosing oral doses in the rat adjuvant
arthritis model that correspond to applicable doses in human
subjects.

Materials and methods
Chemicals
Native and solubilized extracts of curcumin (82% curcumin, 16%
demethoxycurcumin, and 2% bis-demethoxycurcumin) and boswellia extract (standardized to 80% total boswellic acids) were kindly provided by AQUANOVA AG,
Darmstadt, Germany. The liquid curcumin and boswellia micelles (NovaSOL
Curcumin and NovaSOL Boswellia) were composed of 7% curcumin powder (equivalent to 6% curcumin) and 15% Boswellia serrata extract (equivalent to 12% total
boswellic acids). All percentages refer to weight. Diclofenac sodium was obtained from Novartis (Egypt) and Freund’s complete adjuvant (FCA) from SigmaAldrich (St. Louis, Missouri).
Animals
Female Wistar rats, each weighing 150–200 g were obtained from the animal
breeding unit of the National Research Centre, Giza, Egypt. Rats were acclimatized in the animal facility of the National Centre for Radiation Research and
Technology (NCRRT), Atomic Energy Authority, Cairo, Egypt for 1 wk before experimentation. Rats were housed at an ambient temperature of 25 ± 2 ° C, relative
humidity of 60% to 70% and a 12-h light/12-h dark cycle. They were fed standard laboratory chow and water ad libitum. The study was conducted in accordance
with the guidelines set by the European Economic Community (EEC) regulations (revised Directive 86/609/EEC) and was approved by the Ethical Committee
at the Faculty of Pharmacy, Cairo University, Egypt (Approval 24/17).
Induction of adjuvant arthritis
Adjuvant arthritis was induced in the rats according to the method described by Pearson [23]. Brieﬂy, the animals were inoculated with a subplantar
injection of 0.1 mL FCA into the right hind paw at day 0 and were randomly allocated to six groups of eight rats each (n = 8) as follows: Control: Served as control
arthritic rats (untreated); Diclofenac: Received diclofenac as a reference drug
(3 mg/kg); Native curcumin 5: Received native curcumin extract (5 mg/kg); Solubilized curcumin 5: Received solubilized curcumin (5 mg/kg); Native curcumin
and boswellia: Received mixture of native curcumin (5 mg/kg) and native boswellia
(10 mg/kg); Solubilized curcumin and boswellia: Received mixture of solubilized curcumin (5 mg/kg) and solubilized boswellia (10 mg/kg).
All extracts were given orally 1 h before adjuvant inoculation and continued once daily for 21 d (from day 0 to day 20). Arthritis was assessed by measuring
the paw volume every 4 d at days 0, 4, 8, 12, 16, and 20 after adjuvant injection
using a water displacement plethysmometer, LE 7500 (Panlab, HARVARD Apparatus, Barcelona, Spain). Twenty-four hours after the last treatment, the animals
were sacriﬁced and serum samples were prepared and stored at -80°C until analyzed for TNF-α, IL-6, myeloperoxidase (MPO), CRP, total antioxidant capacity (TAC)
and thiobarbituric acid reactive substances (TBARS).
Assessment of inﬂammatory cytokines
Both TNF-α and IL-6 levels in the serum were assessed using rat speciﬁc
Quantikine ELISA kits (R&D systems, Inc., Minneapolis, Minnesota, USA) according to manufacturer’s instructions. The optical density of each sample was
measured using an ELISA plate reader (Dynatech R MR 5000, Guernsey, Channel
Islands, UK) set at 450 nm. Values were expressed as pg/mL.
Assessment of myeloperoxidase (MPO) activity
MPO activity was assessed in the serum using a colorimetric activity assay
kit (Sigma-Aldrich, St. Louis, Missouri, USA) according to manufacturer’s instructions. The absorbance of each sample was measured using an ELISA plate reader
set at 412 nm. Values were expressed as mU/mL.
Assessment of C-reactive protein (CRP)
Serum CRP was measured using a DuoSet ELISA kit (R&D systems, Inc., Minneapolis, Minnesota, USA) according to manufacturer’s instructions. The optical
density of each sample was measured using an ELISA plate reader set at 450 nm.
Values were expressed as pg/mL.
Assessment of lipid peroxidation
Lipid peroxides were determined in serum as described by Uchiyama and
Mihara [24]. The method depends on the colorimetric determination of a pink
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Fig. 1. Effect of native and solubilized curcumin (5 mg/kg) and diclofenac (3 mg/kg) given once daily for 21 d (from day 0 to day 20) on hind paw edema volume
(mL) of rats with adjuvant-induced arthritis (n = 8). Values are plotted as means. *P ≤ 0.05 compared to control, †P ≤ 0.05 compared to native curcumin (5 mg/kg).

colored product, resulting from the reaction of thiobarbituric acid reactive substance (TBARS) with thiobarbituric acid (TBA) in acidic medium using a Unicam
8625 UV/V spectrophotometer (Cambridge, UK) set at 535 nm wavelength. Values
were expressed as nmol/L.
Assessment of Total Antioxidant Capacity (TAC)
TAC was measured in the serum using Total Antioxidant Capacity Assay kit
(Sigma-Aldrich, St. Louis, Missouri, USA) according to manufacturer’s instructions. The optical density of each sample was measured using an ELISA plate reader
set at 570 nm. Values were expressed as nmol/μL.

Statistical analysis
All data were expressed as mean values ± standard error of the
mean (SEM). Statistical comparisons between different groups
were carried out by one-way analysis of variance (ANOVA) followed by Tukey-Kramer multiple comparison test. Probability
values less than or equal to 0.05 (P ≤ 0.05) were considered statistically signiﬁcant.
Results

Whereas native curcumin (5 mg/kg) did not signiﬁcantly affect
the edema volume, micellar curcumin at the same dose level signiﬁcantly reduced edema size from day 4 after adjuvant
inoculation onwards to the same extent as diclofenac (3 mg/
kg). By the end of the experimental period, both the solubilized
form of curcumin and diclofenac had equally reduced the edema
volume by about 25% (Fig. 1).
The combination of native curcumin (5 mg/kg) and boswellia
(10 mg/kg) caused no signiﬁcant reduction in paw volume compared to controls, the solubilized mixture reduced edema size
by 42%, similar to diclofenac (Fig. 2).
Inﬂammatory cytokines
Oral treatment with solubilized curcumin (5 mg/kg) signiﬁcantly decreased both TNF-α and IL-6 by 41% and 52%, respectively,
an effect which was not inﬂuenced by its combination with solubilized boswellia and which was not signiﬁcantly different from
that of diclofenac. In comparison, the same dose of the native
extract alone or in combination with native boswellia had no appreciable effect (Fig. 3).

Edema formation
C-reactive protein (CRP)
The inoculation of adjuvant into the right hind paw of rats led
to a 117.6 % increase in the paw volume at day 4, which continued to increase to 123% at day 16, and ﬁnally reached 97.8% by
the end of the experimental period (Fig. 1).

Native curcumin (5 mg/kg) did not alter serum CRP concentrations in arthritic rats, whereas the solubilized potently lowered
serum CRP and was even signiﬁcantly more effective than 3 mg/

Fig. 2. Effect of native and solubilized mixtures of curcumin (5 mg/kg) / boswellia (10 mg/kg) and diclofenac (3 mg/kg), administered orally once daily for 21 d (from
day 0 to day 20) on hind paw edema volume (mL) of rats with adjuvant-induced arthritis (n = 8). Values are plotted as means. *P ≤ 0.05 compared to control, †P ≤ 0.05
compared to the native mixture.
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Fig. 3. Effect of curcumin given alone or together with boswellia in its native and solubilized form orally for 21 d (from day 0 to day 20) on serum TNF-α and IL-6
concentrations in arthritic rats (n = 8). Values are plotted as means ± SEM. *P ≤ 0.05 compared to control, †P ≤ 0.05 compared to native curcumin, ‡P ≤ 0.05 compared
to the native mixture.

kg diclofenac. The native mixture of curcumin and boswellia
reduced serum CRP by 30% while the micellar mixture by 70%
(Fig. 4).
Serum myeloperoxidase (MPO)
Native curcumin alone or together with boswellia did not affect
MPO activity. However, solubilized curcumin signiﬁcantly decreased it to the same extent as diclofenac, an effect that was not
inﬂuenced by combining it with boswellia (Fig. 5).
Oxidative stress
Native curcumin given alone or together with boswellia did
not affect the serum concentration of TBARS or TAC. On the other
hand, curcumin in its solubilized form, alone or in combination
with boswellia, reduced the TBARS level (Fig. 6) and elevated that
of TAC (Fig. 7) in a manner similar to that of diclofenac.
Discussion
The tremendous increase in the bioavailability of curcumin
following the oral intake of solubilized micellar curcumin has

been addressed in several studies before. Hence a single dose
of 500 mg curcumin administered to 23 healthy subjects (13
women, 10 men) in a single-blind crossover design led to a
185-fold increase in the AUC compared to native curcumin
[19]. Furthermore, the administration of a single dose of 98 mg
curcuminoids, being in the dosing range applied in this study,
resulted in an 88-fold increase in the AUC compared to native
curcumin [20]. Furthermore, in mice the oral administration of
a low dose of micellar curcumin corresponding to 120 μg/g
body weight resulted in a 10 to 40-fold improvement in the
bioavailability of curcumin in plasma and brain compared to
the native form [25]. Based on the background of the already
extensively proven better bioavailability of curcumin after micellar formulation, the goal of the present study was devoted to
the investigation of the pharmacologic effects of solubilized
micellar curcumin compared to its native form. Adjuvant arthritis is a widely used rodent model in studies addressing rheumatoid
arthritis (RA) owing to the similarity of its pathologic characteristics to human RA [26]. In this model, rats develop chronic
swelling in multiple joints caused by inﬁltration of inﬂammatory cells, erosion of joint cartilage, and bone destruction which
closely resembles that of human rheumatoid disease [27]. In
addition, numerous cytokines associated with the pathogenesis

Fig. 4. Effect of curcumin given alone or together with boswellia in its native and solubilized form orally for 21 d (from day 0 to day 20) on serum C-reactive protein
(CRP) concentrations (pg/mL) in arthritis rats (n = 8). Values are presented as means ± SEM. *P ≤ 0.05 compared to control, †P ≤ 0.05 compared to native curcumin,
‡P ≤ 0.05 compared to the native mixture.
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Fig. 5. Effect of curcumin given alone or together with boswellia in its native and solubilized form orally for 21 d (from day 0 to day 20) on serum myeloperoxidase
(MPO) concentrations (mU/mL) in arthritic rats (n = 8). Values are shown as means ± SEM. *P ≤ 0.05 compared to control, †P ≤ 0.05 compared to native curcumin, ‡P ≤ 0.05
compared to the native mixture.

Fig. 6. Effect of curcumin given alone or together with boswellia in its native and solubilized form orally for 21 d (from day 0 to day 20) on serum level of TBARS
(nmol/L) in rats with adjuvant-induced arthritis (n = 8). Values are presented as means ± SEM. *P < 0.05 compared to control, †P ≤ 0.05 compared to native curcumin,
‡P ≤ 0.05 compared to the native mixture.

Fig. 7. Effect of curcumin given alone or together with boswellia in its native and solubilized form orally for 21 d (from day 0 to day 20) on serum total antioxidant
capacity (TAC) (nmol/μL) in arthritic rats (n = 8). Values are presented as means ± SEM. *P ≤ 0.05 compared to control, †P ≤ 0.05 compared to native curcumin, ‡P ≤ 0.05
compared to the native mixture.

194

M. T. Khayyal et al. / Nutrition 54 (2018) 189–196

of RA, including TNF- α and IL-6, are expressed in the synovial
tissues [28].
In the present study, native curcumin had no signiﬁcant effect
on the volume of paw edema, a fact which may be attributed to
its low bioavailability following the administration of the relatively small dose. However, the same dose of curcumin
administered in solubilized micellar form signiﬁcantly reduced
the volume of paw edema, indicating much higher bioavailability
of the solubilized micellar delivery system [19]. The reduction
in paw volume was associated with inhibition of TNF-α and IL-6
production in serum. These results are consistent with previous studies assigning the therapeutic effect of curcumin in RA
to the inhibition of NF-κB expression and down-regulation of TNFα, IL-6 and IL-1 β [29]. Although numerous reports have been
published suggesting that oral administration of curcumin downregulates TNF- α expression both in serum and animal tissue in
a dose of 50–500 mg/kg/d [30,31], we achieved a signiﬁcant reduction in the cytokine levels with a dose of solubilized curcumin
amounting to only 5 mg/kg.
In addition to its effect on cytokines, solubilized curcumin signiﬁcantly reduced serum CRP level, which is usually elevated in
RA in response to IL-6 secretion by macrophages [32–34]. Elevated levels of CRP have been also reported in patients with
diseases associated with active inﬂammation or tissue destruction, particularly in RA patients [35], suggesting a continued
production and stimulation of this acute-phase protein during
disease progression. This makes it an ideal marker for inﬂammatory diseases. In the present study, solubilized curcumin
reduced serum CRP concentration even more potently than
diclofenac, underlining its great antiinﬂammatory potential even
at very low doses when administered in solubilized micellar form.
Besides the increase in pro-inﬂammatory cytokines and
enzymes, oxidative stress represents another major contributing factor toward joint destruction in RA. Hence an increase in
the production of reactive oxygen species leads to a diminished
supply of endogenous antioxidants that ﬁnally results in cellular disruption. The neutrophils that are released in the rheumatoid
joint are known to produce oxygen derived free radicals, which
may lead to the increased lipid peroxide formation reﬂected by
a rise in serum TBARS. Consequently, the rise in antioxidant status
represented by an increase in TAC can be used as an index for
protection against the development of degenerative inﬂammatory processes. There is an inverse relationship between the level
of TAC and that of TBARS: A high level of TAC reﬂects a lower concentration of TBARS. The oxidative stress induced in arthritic rats
in the present study was reﬂected by an increase in MPO released from activated neutrophils associated with an increase in
TBARS and a decrease in TAC. Such effects were previously reported [36,37]. The antiinﬂammatory activity of solubilized
curcumin in arthritic rats was therefore not only reﬂected by a
signiﬁcant reduction of the pro-inﬂammatory cytokines but also
by a decrease in the level of TBARS and an increase in the level
of TAC.
Interestingly, the combination of solubilized micellar curcumin
with solubilized micellar boswellia extract resulted in a more
potent antiinﬂammatory, antioxidant, and antiarthritic activity.
This might be attributed to the diversity in the mechanism of
action of curcumin and boswellia. Curcumin was found to inhibit
activation of NF-κB, thus preventing the release of various inﬂammatory cytokines (IL-6, TNF-α) [28]. Furthermore, it acts as
a free radical scavenger [38] and shows selective transcriptional regulatory action of COX-2, and dual COX/LOX inhibitory
potential [39]. On the other hand, boswellic acids, representing
the pharmacologically active ingredients of boswellia, were shown

to inhibit a number of pivotal enzymes in inﬂammation like 5-LO,
catG, and mPGES-1 as well as leukotriene B4, which causes chemotaxis and increased vascular permeability allowing the
migration of inﬂammatory cells to the inﬂamed area [40]. In addition, boswellic acids inhibit NF-κB and several other proinﬂammatory cytokines like TNFα, IL-1 β, IL-2, and IL-6 [12].
Accordingly, the multitargeting action of curcumin and boswellic
acids helps to explain the synergistic effect of their solubilized
micellar combination leading to observably improved antiinﬂammatory, antioxidant, and antiarthritic activities.
Many bioavailability enhancing strategies have been applied
to increase the solubility of curcumin including the preparation
of lipid-based formulations, such as targeted liposomal formulations and self-microemulsifying drug delivery systems (SMEDDS)
as well as supersaturable self-microemulsifying drug delivery
systems (S-SMEDDS) [41–43]. One big advantage of liposomal formulations is the targeted delivery of the drug to speciﬁc organs
and tumor cells. Hence curcumin liposomes in conjunction with
other drugs such as quinacrine and and p-aminophenyl-α-Dmannopyranoside were able to pass the blood–brain barrier and
succeeded in prolonging the survival time of glioma-bearing mice
and increase the inhibitory rates of gliomas following intravenous injection [41]. However, apart from this advantage of targeted
delivery, liposomes suffer from high manufacturing costs and
chemical instability. SMEDDS represent another lipid-based formulation being composed of an isotropic mixture of lipid,
surfactant, and co-surfactant. Although SMEDDS represent a potential platform for the enhanced oral delivery of hydrophobic
drugs, they are associated with certain limitations, which manifest themselves in the precipitation tendency of the drug upon
dilution. Furthermore, liquid SMEDDS exhibit problems in handling, storage, and stability as the lipid excipients containing
unsaturated fatty acids and its derivatives are prone to lipid oxidation [42,44,45]. With the formulation of curcumin S-SMEDDS
that is characterized by a lower amount of surfactant and additional inclusion of a hydrophilic polymer serving as precipitation
inhibitor, the precipitation rate of curcumin could be in fact
reduced and the Cmax as well as the AUC0-6 h in rats could be increased by 1.14 and 1.22 times compared to SMEDDS.
Nevertheless, stability studies at intermediate conditions
(30°C ± 2°C/65 ± 5% RH) and accelerated conditions (45°C ± 2°C/
65 ± 5% RH) conducted for 6 mo revealed an increase in the droplet
size and polydispersion index of the curcumin S-SMEDDS compared to the curcumin SMEDDS. Furthermore, the curcumin
content decreased from initially 100.43 ± 1.61% to 95.96 ± 1.44%
after only 6 mo under accelerated conditions in case of curcumin
S-SMEDDS [43]. Solubilized micellar curcumin on the other hand
is thermally stable and allows a nearly two-fold higher loading
capacity compared to SMEDDS and S-SMEDDS, both not exceeding 4% w/w curcumin. In further attempts to modify curcumin
SMEDDS formulations the gastric residence time of curcumin was
prolonged by using composite sponges fabricated from a 4% alginate and 2% HMPC mixed solution to obtain a controlled release
of curcumin, which is advantageous in the treatment of gastrointestinal diseases like peptic ulcers or gastrointestinal cancer.
However, composite sponge formulations are rather suited for
the loading of high amounts of curcumin covering much higher
doses of 20 to 80 mg/kg for rats [46]. On the other hand, the main
advantage of the solubilized micellar curcumin applied in the
present study is reﬂected in the low doses that can be administered leading to enhanced pharmacologic effects.
To our knowledge, this is the ﬁrst study demonstrating the
positive effects of micellar curcumin and its combination with
micellar boswellia extract obtained with very low doses admin-
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istered to rats in the range of 5 mg/kg curcumin and 10 mg/kg
boswellia. Such doses correspond to a dose of approximately
55 mg curcumin and 113 mg boswellia for a 70 kg adult according to the conversion formula previously suggested [47].
Consequently, the observed enhanced antiinﬂammatory effects
resulting from micellar curcumin and its combination with micellar boswellia extracts are obtained at much lower doses
compared to previously reported effective antiinﬂammatory doses
in human subjects ranging from 180 mg [48] to 2,000 mg [49]
for curcumin and 1200 mg to 3000 mg for boswellia daily. Furthermore, the observed effects obtained by the low doses of
micellar curcumin and micellar boswellia extracts are comparable and even somewhat better than the antiinﬂammatory effects
obtained with 3 mg/kg diclofenac in rats, which corresponds to
a dose of approximately 35 mg diclofenac for a 70 kg adult.
Because treatment of RA is usually prolonged, natural herbal
therapies with minimum side effects are usually preferred to conventional non-steroidal antiinﬂammatory drugs (NSAIDs) [50].
Based on these results, solubilized micellar curcumin alone and
particularly in combination with micellar boswellia extract represents a promising alternative to NSAID therapy. The achieved
antiinﬂammatory effects are comparable to those of NSAIDs even
at much lower doses because of an extremely enhanced
bioavailability compared to that of the respective native forms.
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