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Introduction 
Endometriosis is an estrogen depend pathology whose growth and 

which triggers the appearance of epigenetic changes in both eutopic 

option in endometriosis treatment is the use of a progestin alone 
such as dienogest whose therapeutic action depends on the binding 
to the progesterone receptor type B (PRB) in both eutopic and 

induces in the endometrial stroma an increase in glucocorticoid 
receptor while at the same time decreases progesterone receptor 

therefore be the major culprit for progesterone resistance in 

affects endometrial cycle physiologically since it plays a pivotal role 
in important processes related to fecundity and menstruation and only 
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Abstract
Introduction: The effects of Myodesin™ (Fagron, Brazil) on pain scores were investigated in a group of 18 patients 
with endometriosis who failed to respond to oral dienogest or Mirena.

Patient and Methods: Eighteen patients with endometriosis were enrolled for this study and divided into 2 groups 
according to the treatment scheme. Group A (n=10) comprised of patients who were using 2 mg of dienogest and 
continuing to have pain and breakthrough bleeding when treatment with vaginal Miodesin™ (500 mg/dose daily) 
(Fagron Brazil) was initiated. In Group B (n=8) patients were treated with Miodesin™ after they had been using a 
Mirena ™ unsuccessfully to treat endometriosis pain for at least 3 months. Myodesin™ was always dispensed through 
the vaginal mucosa dissolved in Pentravan™ (Fagron, Netherland) at bedtime. Hysteroscopy with endometrial 
biopsies were performed in 4 patients in the Mirena™ group to evaluate the cause of uterine bleeding and to assess 
the presence of aromatase and VEGF expression in the endometrium by immunohistochemistry.

Results: In this group of deep endometriosis patients treatment with Dienogest or Mirena ™ caused a modest albeit 

smaller in Group B than in Group A. In Mirena™ users with bleeding and pain aromatase and VEGF expressions 
were detected in ¾(75%) of endometria but they became negative after Myodesin™ treatment in all cases. A great 
reduction in endometrial vascularization was also observed.

Conclusion: 
with deep endometriosis and adenomyosis that were not responding adequately to these treatments. At least in Mirena™ 
users this was accompanied by a reduction in endometrial vascularization and in both VEG|F aromatase expression 
in the endometrium.
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the epigenetic changes in the endometrial cells that will render them 
more prone to implant in the pelvis and develop into endometriosis 

aromatase p450 and this will boost not only the local estrogen 

consequence of these endometrial changes progesterone resistance 
develops which leads not only to impaired decasualization, decreased 
fertility but they also contribute to the survival and implantation 

state will therefore blunt the response of both endometrium and 
endometriosis lesions to progestin thus rendering them resistant to 
treatment and affecting negatively the clinical response [4]. Since 

in endometriosis one possibility to circumvent this problem would be 

in order to improve the response to progestin thus rendering these 
endometriosis patients less refractory to treatment [4]. In the present 
paper the effect a NF-KappaB inhibitor, Miodesin™ (Fagron, Brazil) 
was investigated in endometriosis patients that are poor responders 
to either oral dienogest or to a levonorgestrel intrauterine system 
(Mirena™, Bayer). Since in these patients pain and bleeding persist 
despite progestin therapy they could be the appropriate group to 

would decrease progesterone resistance thus allowing them to 
respond more effectively to progestin treatment. Miodesin™ (Fagron 

uchi that had been previously used by our group to improve the 
clinical response to vaginal gastronome in deep endometriosis 

plays a pivotal role in the development of progesterone resistance 

dependent mechanism to inhibit TNF alpha production decreasing 

Patient and Methods
Eighteen patients were enrolled for the present study carried out at 
the Instituto da Mulher, Itaigara Memorial Day Hospital between 

in this study were patients with the diagnosis of deep or ovarian 

dienogest or Mirena™ for at least 3 months, presence of persistent 

in 7 patients using Mirena™. The diagnosis of endometriosis was 

ovarian endometriosis was usually diagnosed by magnetic resonance 
(MRI) when it could not be detected initialed by routine vaginal 
ultrasonography. The patients were always interviewed by the same 
investigator (HM) and pain scores were assessed using a visual 

their pain in a visual scale of zero to ten in which zero corresponded 

total pain score was calculated, which included dysmenorrhea, pelvic 

for these different forms of pain, the one with the highest score was 
considered for the purpose of evaluation. Pain was assessed at the 

initial visit in this group of patients using dienogest or Mirena™ for 
at least 3 months and repeated again after 2 months of Miodesin. 

investigator (HM).

of patients who were using dienogest for at least 3 months when they 

patients had been using a Mirena™ for at least the same period of 
time when vaginal Miodesin™ was administered .In both groups 

which are potent inhibitors of NF-KappaB activity. The study was 
open in that both the patients and their attending physician were 

the patients were treated with a daily dose of 500 mg of Miodesin™ 
dissolved in 3 ml of Pentravan that was administered in the vagina. 
The patients were instructed to use the medication daily at bedtime. 
Vaginal Miodesin™ was always prepared in the same compound 
pharmacy by the same pharmacist (WSJ).

Mirena™ before and two months after the use of vaginal Miodesin™ 

to the Mirena and the number of visible enlarged blood vessels 
mostly engorged veins was counted.

Statistical analysis was performed using Student’s t-test to evaluate 
differences in mean pain scores and endometrial blood vessels count 

was established at p-values <0.05. For differences in percentages a 
Chi-square test was used.

The study was conducted at the Instituto da Mulher, Itaigara Memorial 
Day Hospital and was approved by the institute’s internal review 

the vaginal use of Miodesin™.

Results
Miodesin Effects on Pain Scores 
Pain scores before treatment with dienogest or Mirena™ had a mean 

Mirena™ and dienogest treatment caused a small but statistically 

3 months in this group of deep endometriosis patients. However 
they were still reporting pain that required the use of analgesics for 

groups when compared to pretreatment values this decrease was 
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patients reporting no pain after Miodesin™ treatment in the 
Mirena™ group than in the diogenest group. The percentages of 

in all patients uterine bleeding subsided after the second month of 
vaginal Miodesin™ treatment. 

The Effects Miodesin™ on VEGF and Aromatase Expression 
in the Endometrium
In the four endometriosis patients using Mirena™ submitted to 

was always detected in the stroma while the endometrial glands 

Miodesin™ all endometria became negative for both VEGF and 

but they went into amenorrhea (Figure 3 & 4). 

there were more enlarged and friable blood vessels adjacent to the 
Mirena™ than after 2 months of treatment. The number of visible 
enlarged vessels decreased from a mean of 14 to 3 and this was 

5 & 6).

Discussion 
The present study showed that vaginal Miodesin™ in Pentravan™ 

of endometriosis and adenomyosis pain. However the decrease 
in pain scores was more pronounced in the Mirena™ group 
probably because of the frequent association of adenomyosis 
with deep endometriosis. Similar results were reported in a recent 
study comparing Mirena™ with danazol for the relief of pain in 
endometriosis patients submitted to laparoscopy surgery [10]. In 
this study it was found that the Mirena™ Mirena was more effective 
in decreasing endometriosis pain following surgery than danazol. 
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these patients. In Mirena™ users it had been previously shown that 
the endometrial concentrations of the progestin are much higher 
than those achieved with the systemic administration [11]. Since 
the uterus itself may be an important source of pain in these deep 

have shown that the intensity of pelvic pain in patients with deep 

of adenomyosis which points out again toward a uterine origin 

improve the clinical response of these patients to either Mirena™ 
or dienogest, although this was greater in the former group due to 

both eutopic endometrium and the lesions to respond better to 
progestin therapy [4]. Mirena™ delivers Levonorgestrel locally in 

in this group since the high endometrial levels of this progestin 

positively in both deep endometriosis and adenomyosis patients with 

the intensity of pelvic pain in deep endometriosis patients correlates 

endometriosis patients due to the persistent activation of NF-KappaB 

activation will render endometriosis patients more responsive to 

Previous studies in our group had also shown that the use vaginal 
gestrinone in Pentravan ™ with Miodesin™ was very effective to 
treat pain in deep endometriosis patients with less side effects than 
its use alone [6]. 

Since NF-KappaB is constitutively more activated in the eutopic 
endometrium of endometriosis patients compared to healthy 

progestin therapy more prone to failure [14-16]. Since the high 

persisted in the endometrium through a NF-KappaB dependent 

detected in the endometrium of the Mirena patients with pain and 
uterine bleeding as reported here, it is evident that the response to 

studies from our group had shown that in adenomyosis the 
persistence of uterine bleeding and pain with the use of Mirena™ was 

endometrium [9]. In patients with history of menorrhagia and using 
oral contraceptives containing gemstone in a continuous regimen the 

progesterone resistance. 

In conclusion the use of NF-KappaB inhibitors such as Miodesin™ 

therapy in endometriosis and should be tried when progesterone 
resistance is suspected. This will certainly decrease the number of 
unnecessary surgeries in the future to treat the failures of clinical 
treatment.
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Introduction

and hormones such as progesterone and estradiol [1]. Gestrinone, 
neither a19 nor testosterone derivative is an effective treatment to 
reduce pain and uterine volume in patients with endometriosis and 
leiomyoma although the occurrence of androgenic side effects may 
hamper long term treatment in some patients [2]. One interesting 
approach to circumvent this problem would be to use lower doses 
of Gestrinone together with naturally occurring plant derived anti-

tomentosa, an herbal medicine from Amazonas widely used to 

This medicinal plant has been shown to suppress the production of 

of leiomyoma and endometriosis since the development of these 

alpha increased activinan mRNA production in myometrium 
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Abstract
Introduction: The effects of Myodesin™ (Fagron, Brazil) on uterine volume and pain scores were investigated in a group of 
patients with leiomyoma and endometriosis. Myodesin™ was used either alone or in combination with vaginal Gestrinone.

Patient and Methods: Forty two patients with uterine leiomyoma and endometriosis were enrolled for this study and 
divided into 3 groups according to the treatment scheme. In Group A (n=16) they were treated with a higher dose of vaginal 
Gastronome alone (5mg twice a week). In Group B (n=16) patients received a lower dose of Gestrinone (2.5 mg twice a 
week) together with vaginal Miodesin™ (500 mg/dose daily) (Fagron Brazil). In Group C (n=10) patients were treated only 
with Miodesin™. All medications were dispensed vaginally dissolved in Pentravan™ (Fagron, Netherland).

Results: The average uterine sizes before treatment were 200 cm3, 334 cm3, 242cm3 in group A, B and C respectively and 

treated groups. However the reduction in uterine volume was greater in group than in group C. The proliferation rates in 

Conclusion:
with endometriosis and leiomyoma.
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growth of these tumors [5]. In addition leiomyoma cells cultured 

not only the reduction in leiomyoma growth but also the decrease 
in pain and abnormal uterine bleeding. Other pathologies of the 
female genital tract might also respond similarly to medications that 

auto transplants in the peritoneum [7]. 

of symptomatic patients [8]. The concomitances of these two 

patients with leiomyoma. In this group of patients the development 
of medical therapies that could amelioratepelvic pain, abnormal 
bleeding and reduce uterine volume would be of utmost relevance 

on uterine size and painscores were investigated in a group of patients 
who had leiomyoma along withendometriosis. Myodesin™is the 

associated with vaginal Gestrinone.

This latteris neither a 19 nor testosterone derivative whose molecule 
has a potent androgenic activity together with stronganti estrogenic 
and anti-progesterone actions which may cause some undesirable 
androgenic side effects. One way to circumvent this problem 
would be to use lower doses of Gestrinone together with naturally 

study had shown that Gestrinone can be dissolved in Pentravan™ 
and administered through the vagina and this route of administration 
was found to be highly effective for treating endometriosis related 
pain since vaginal absorption may facilitate the concentration the 
medications in the pelvic organs [2]. 

Patient and Methods

at the Institutoda Mulher, Itaigara Memorial Day Hospital between 
January and August 2018. The inclusion criteria used in this study 
were patients with the diagnosis of associated endometriosis 

The diagnosis of endometriosis was suspected by clinical history 

uterine volume in all patients with leiomyoma before and after 2 
months of treatment. The presence of deep endometriosis or ovarian 

it could not be detected by routine vaginal ultrasonography. The 
patients were initially interviewed by the same investigator (HM) 

in which zero corresponded to the total absence of pain and ten to 
the worst pain imaginable. 

A total pain score was calculated, which included dysmenorrhea, 

scores for these different forms of pain, the one with the highest score 
was considered for the purpose of evaluation. Pain was assessed 

vagina either alone or in combination with Gestrinone. Miodesin™ 

patients, their allocation of to the different treatment groups was 
not randomized. The study was open in that both the patients and 
their attending physician were aware of the medications they were 

daily). In Group C (n=10) patients were treated with Miodesin™ 
alone in the dose of 500 mg. In this group theyhad not received any 

differences in mean pain scores and uterine volume among the 
different treatment groups. The chi square test was used to calculate 
differences in percentages. In both tests p-values <0.05 were 

The study was conducted at the Instituto da Mulher, Itaigara 

review board.

A myomectomy by hysteroscopy was carried out in 10 patients after 
the second month of treatment to remove sub mucous leiomyoma 

used together with Miodesin™. The surgical procedure was carried 

previously described [10]. Leiomyoma and endometrial fragments 

Results
Effect on uterine volume

was observed in all treated groups witha mean reduction in uterine 
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Figure 1
leiomyoma and endometriosis using Gestrinone , Gestrinone with 
Miodesin or Miodesin alone

Effect on endometrial proliferation
In patients who were submitted to myomectomy after two months 
of treatment with gastronome either alone or associated with 

vascularization of both endometrium and myoma. The histological 
picture was of glandular atrophy with no decidual reaction in a 

Figure 2
with Miodesin for 2 months . Note the low proliferation rates 

Figure 3
using vaginal Miodesin

Effect on pain scores 

used alone or in combination with Miodesin™. In all three groups 
pain scores were the same before treatment was started with a mean 

the continuation of therapy in both groups. However pain scores 

patients using Miodesin™ alone (Group C) pain scores decreased 

Figure 4: Reduction of pain scores in the three treatment groups

Figure 5: Percentage of patients reporting no pain after the second 
month of treatment in the three treatment groups

Side Effects 

were mainly related to Gestrinone use. Miodesin™ on the hand, 

Conclusion
The present study shows that the use of lower doses of Gestrinone 
(2,5mg) together with Miodesin™ was more effective to reduce pain 
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and decrease uterine volume in patients with associated endometriosis 
and leiomyoma than the use of higher doses of Gestrinone alone. 

a lesser incidence of androgenic side effects because of the lower 
doses of Gestrinone used. Miodesin™ alone was also effective to 
reduce uterine volume in patients with leiomyoma and endometriosis 
albeit greater reductions were achieved when was used together with 
Gestrinone. However in terms of analgesic effects, Miodesin™, 

therefore improvingthe analgesic effects of vaginal Gestrinone 
in patients with endometriosis and leiomyoma.The reduction of 
Gestrinone dose rendered the treatment more effective with less 
androgenic side effects. One can also speculate that the use of 
vaginal mucosa to administer both medications in Pentravan™ 
may lead to a better absorption and their increased concentration in 

However due to the small sample of this study these results have to 
be considered preliminary and further trials using better methodology 

these limitations Miodesin™ proved to be a very effective naturally 
occurring medication to treat leiomyoma and endometriosis when 
administered in Pentravan™either alone or in association with 
Gestrinone through the vagina.

medications associated with hormonal therapy may have a good 

to be an effective treatment to reduce uterine volume, and pelvic 
pain in patients with associated leiomyoma and endometriosiswhen 
used either alone or combined. However when Miodesin™ and 
Gestrinone were used together there was, not only a greater reduction 
in uterine volume but alsomorepain free patients than when they 
were used separately. These suggest a possible synergistic effect on 
these pathologies acting through different mechanisms. Recently 

antagonist effects after binding to progesterone receptor and was 
found to be effective to reduce leiomyoma size and diminish uterine 

whose anti-progesteroneand anti-estrogeniceffects werefirst 

endometrial proliferation in both stroma and glandular epithelium 
together with the absence of decidual reaction in patients using 
vaginal Gestrinone as reported here is strong evidence of the anti-
progesteroneand anti-estrogeniceffects of Gestrinone. This feature 

safety since the endometrium becomes atrophic instead undergoing 
unique histologic changes; albeit benign seem with the selective 

pathologies using the vaginal mucosa to administer and concentrate 
these medications in the pelvic organs. These initial results with the 

in these tumors [5].

The effectiveness of Myodesin alone to treat endometriosis pain 

endometriosis, supporting the role of naturally occurring anti-

present encouraging results albeit preliminary suggest a novel 
and effective approach to treat leiomyoma and endometriosis 
by using the vagina as port of entry of naturally occurring anti-

greater concentration in the pelvic organs and consequently better 
therapeutic results.
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Purpose. To investigate the effects of a combined herbal medicine Miodesin™ on the inflammatory response of key cells involved in
the acute and chronic inflammatory processes as well as the possible epigenetic involvement. Methods. After the establishment of
the IC50 dose, the chondrocyte, keratinocyte, and macrophage cell lines were pretreated for 2 hours with Miodesin™ (200 μg/mL)
and stimulated with LPS (1 μg/mL) for 24 hours. The supernatant was used to measure the levels of cytokines (IL-1β, IL-6, IL-8, and
TNF-α) and chemokines (CCL2, CCL3, and CCL5), and the cells were used to extract the mRNA for the transcription factor (NF-
κβ), inflammatory enzymes (COX-1, COX-2, PLA2, and iNOS), and chemokines (CCL2, CCL3, and CCL5). Results. Miodesin™
inhibited the release of LPS-induced cytokines (IL-1β, IL-6, IL-8, and TNF-α; p < 0:01) and chemokines (CCL2, CCL3, and
CCL5; p < 0:01) and the expression of the transcription factor (NF-κβ; p < 0:01), inflammatory enzymes (COX-1, COX-2, PLA2,
iNOS; p < 0:01), and chemokines (CCL2, CCL3, and CCL5; p < 0:01). In addition, the evaluation of epigenetic mechanism
revealed that Miodesin™ did not induce changes in DNA methylation, assuring the genetic safeness of the compound in terms
of the inflammatory response. Conclusions. Miodesin™ presents anti-inflammatory properties, inhibiting hyperactivation of
chondrocytes, keratinocytes, and macrophages, involving epigenetics in such effects.

1. Introduction

Although the inflammatory process is a natural response to an
offending agent aiming to promote healing and repair, an
exacerbated and/or unresolved inflammatory process under-
lies several acute and chronic diseases [1]. The inflammatory
process is complex and involves a group of glycoproteins
called cytokines, which coordinate, amplify, and regulate
the magnitude and duration of inflammatory events [1].

Acute dermatitis and atopic dermatitis are examples of
acute and chronic skin diseases, respectively, in which kerati-

nocytes present a key role [2]. In this context, it has already
been demonstrated that keratinocytes express different sur-
face alarming receptors against pathogens, being the trigger
for cytokines and reactive oxygen species (ROS) and reac-
tive nitrogen species (RNS) release [2, 3]. In addition, lipo-
polysaccharides (LPS) are among the main players for skin
infection, which may be installed during skin acute and
chronic inflammatory processes [3]. Beyond keratinocytes,
skin macrophages also represent the first line of defense dur-
ing skin infections, contributing to the inflammatory process,
releasing, for instance, cytokines and ROS and RNS [4].
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Thus, in the last years, a growing number of studies are being
developed to identify effective agents capable of preventing
and treating infectious processes in the skin [5].

Similarly, acute and chronic joint diseases, for instance,
arthritis and arthrosis, respectively, are modulated by
inflammatory processes [6]. These inflammatory processes
are also modulated by cytokine synthesis and release, acti-
vating degradative enzymes, such as different matrix metal-
loproteinases (MMPs), which present a central role in the
physiopathology of arthritis and arthrosis [7]. Furthermore,
this inflammatory cascade is centrally regulated by increased
amounts of nitric oxide (NO), concomitantly with epigenetic
regulation [7]. From the cellular point of view, chondrocytes
can release massive amounts of cytokines, presenting a key
role in the physiopathology of arthritis [8]. In the same
direction, macrophages are also hyperactivated in arthritis,
also releasing cytokines, MMPs, and NO, contributing to
disease perpetuation [9].

Natural products have played an important role in the
prevention and treatment of human diseases for thousands
of years, and in recent decades, great efforts have been made
to make natural products more effective and less toxic.
Among the plant species present in the Brazilian territory,
especially in the Amazon rainforest, we can find Uncaria
tomentosa, known as cat’s claw [10], a potential natural agent
with anti-inflammatory activity, capable of reducing, for
example, the expression of TNF-alpha in monocytes [11].
In addition, the specie Endopleura uchi, known as yellow uxi
[12], is also found, which presents a marked antioxidant and
anti-inflammatory potential [13]. Thus, many other pharma-
cologically active plant species with anti-inflammatory
potential have been also investigated [14].

Miodesin™, a patented phytocomplex prepared by
Fagron Pharmaceutical™ (Brazil) from Uncaria tomentosa,
Endopleura uchi, and astaxanthin, a natural antioxidant
carotenoid, has been shown to exert anti-inflammatory
effects [15]. In 2018 and 2019, Maia et al. published the first
manuscripts showing the role of Miodesin™ in reducing pel-
vic pain in patients with endometriosis and leiomyoma, con-
firming the central role of inflammation in the pathogenesis
of endometriosis. In the same way, these findings support
the role of anti-inflammatory herbal medicines in the treat-
ment of this disease [16, 17]. Therefore, the present study is
aimed at evaluating the anti-inflammatory activity of Miode-
sin™, using different cell lines, besides verifying a possible
interaction with epigenetic mechanisms.

2. Material and Methods

2.1. Reagents. Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), penicillin-streptomycin,
and phosphate-buffered saline (PBS) were obtained from
Gibco BRL (Grand Island, CA, USA). 3-(4,5-Dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was
purchased from Sigma-Aldrich (St. Louis, MO, USA). The
Miodesin™ was supplied by Fagron Pharmaceutical™ (Bra-
zil). The purity and quality of the raw materials used, as well
as the formulation of Miodesin™ (Uncaria tomentosa, Endo-

pleura uchi, and astaxanthin), were monitored by the Fagron
Pharmaceutical™ quality control department.

2.2. Culture and Cytotoxicity Evaluation of Miodesin by MTT
Assay. The human skin keratinocyte cell line (HaCaT) and
human chondrocyte cell line (CHON-001) were obtained
from the American Type Culture Collection (ATCC, USA).
The murine macrophage (RAW 264.7) cells were obtained
from the Rio de Janeiro Cell Bank (UFRJ, RJ, Brazil). The
cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM high glucose) supplemented with 10% v/v fetal
bovine serum (FBS), 1% L-glutamine, 100U/mL penicillin,
and 100mg/mL streptomycin and maintained at 37°C in a
humidified atmosphere of 5% CO2. The cells were trypsi-
nized every 72 h using 0.01% trypsin and 1mmol ethylenedi-
aminetetraacetic acid (EDTA). For all the experiments, the
Miodesin™ was dissolved in the culture medium in appro-
priate concentrations. The cell viability of the control and
Miodesin™ (1–1.000μg/mL)-treated chondrocyte, human
keratinocyte (HaCaT), and macrophage RAW 264.7 cells
was measured using a standard MTT assay. Briefly, 5 × 104
viable cells were seeded into clear 96-well flat-bottom plates
(Corning) in the RPMI 1640 medium supplemented with
10% fetal bovine serum (FBS) and incubated with different
concentrations of the extract for 24 h. Then, 10μL/well of
MTT (5mg/mL) was added and the cells were incubated
for 4 h. Following incubation, 100μL of 10% sodium dodecyl
sulfate (SDS) solution in deionized water was added to each
well and left overnight. The absorbance was measured at
595 nm in a benchtop multimode reader (Molecular Device).

2.3. Cell Viability after LPS Treatment. Briefly, cells were
seeded in 96-well culture plates at a density of 5 × 104 viable
cells/well and incubated for 24 h, then exposed to IC50 con-
centration of Miodesin (200μg/mL), previously determined
in Section 2.1 in the presence of LPS (1μg/mL) for 60
minutes and incubated for another 24h with Miodesin at
37°C. TheMTT solution was added to the final concentration
of 0.5mg/mL and then incubated for 2 h at 37°C followed by
the addition of 0.1mL of dimethyl sulfoxide to dissolve the
MTT-formazan. The amount of MTT-formazan was then
determined by measuring the absorbance at 595 nm.

2.4. Cytokine and Chemokine Analysis in Cell Culture
Supernatants. The concentrations of IL-1β, IL-6, IL-8, TNF-
α, MCP-1 (CCL2), MIP-1α (CCL3), and RANTES (CCL5) in
the cell culture supernatants were analyzed by using enzyme-
linked immunosorbent assay (ELISA) kits (R&D Systems,
Minneapolis, MN, USA) following themanufacturer’s instruc-
tions. Cells were pretreated with LPS (1μg/mL) for 60minutes
with or without Miodesin (200μg/mL) for 6 h. The cell cul-
ture supernatant (100μL) was collected to determine the
levels of cytokines and chemokines, according to the manu-
facturer’s instructions.

2.5. NO Analysis. NO levels were determined by measuring
the quantity of nitrite in the cell culture supernatant using a
Griess reagent. Chondrocytes, keratinocytes and RAW 264.7
(macrophages) cells were pretreated with LPS (1μg/mL) for
60 minutes with or without Miodesin (200μg/mL) for 24h.
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The cell culture supernatant (100μL) was mixed with a 100μL
Griess reagent, and the absorbance was measured at 540nm.
The nitrite concentrations were calculated using a standard
calibration curve prepared from different concentrations of
sodium nitrite.

2.6. Reverse Transcription-Quantitative PCR (RT-qPCR).
Total RNA extracted from cell samples was converted to
cDNA using a SuperScript® III RT kit (Invitrogen, Carlsbad,
CA), according to the manufacturer’s protocol. The con-
centration of RNA was detected using a NanoDrop 2000
(Thermo Fisher Scientific, Inc.). GAPDH and 18S rRNA
were used as the internal control. The thermocycling condi-
tions were as follows: 95°C for 10min followed by 35 cycles
of 95°C for 15 sec and 55°C for 40 sec. The 2-ΔΔCq method
was used to quantify the relative gene expression levels of
the target genes. Relative standard curves were generated by
serial dilutions, and all samples were run in triplicate.
Table 1 indicates the sense and antisense sequences of
primers used in qRT-PCR analysis.

2.7. Quantification of the 5-mC Content in Genomic DNA.
The genomic DNA cytosine methylation levels in cell lines
exposed to Miodesin (200μg/mL) at 24 h were assessed by
using an enzyme-linked immunosorbent assay-based com-
mercial kit (MDQ1, Imprint® Methylated DNA Quantifica-
tion Kit, Sigma-Aldrich). DNA at a concentration of 150ng
was diluted with 30μL of binding buffers and incubated at
60°C. The samples were incubated with capture and detection
antibodies, and the absorbance was read at 450nm. Quantifi-
cation of DNA methylation was obtained by calculating the
amount of methylated cytosines in the sample relative to
methylation in a positive control, which was provided by
the manufacturer.

2.8. Statistical Analysis. The obtained results were expressed
as mean ± standard error of mean ðSEMÞ from at least three
independent experiments, unless stated otherwise. Paired
data was evaluated by Student’s t-test. One-way analysis of
variance (ANOVA) was used for multiple comparisons,
followed by the Bonferroni test for comparison among the
groups. A p value of <0.05 was considered significant.

3. Results

3.1. Effects of Miodesin™ on Cell Viability and on LPS-
Induced Cell Cytotoxicity. Figure 1 shows the different con-
centrations of Miodesin™, which were tested for cell toxicity
to determine the IC50 value. The dose of 200μg/mL was
defined as the study dose. Figures 1(a)– 1(c) show the results
for keratinocytes, chondrocytes, and macrophages, respec-
tively. In addition, from the IC50 dose (200μg/mL), Miode-
sin™ was able to reverse the cytotoxicity caused by LPS in
all these cell lines (Figure 1(d)).

3.2. LPS-Induced Inflammatory Cytokine and Chemokine
Release in Cell Lines Is Regulated by Miodesin™. Figure 2
shows the interleukin levels in the supernatant of chondro-
cytes (Figures 2(A.1) IL-1β, 2(A.2) IL-6, 2(A.3) IL-8, and
2(A.4) TNF-α), keratinocytes (Figures 2(B.1) IL-1β, 2(B.2)

IL-6, 2(B.3) IL-8, and 2(B.4) TNF-α), and macrophages
(Figures 2(C.1) IL-1β, 2(C.2) IL-6, 2(C.3) IL-8, and 2(C.4)
TNF-α). The results demonstrated that while LPS signifi-
cantly increased the levels of IL-1β, IL-6, IL-8, and TNF-α
for all cell types (#p < 0:01), Miodesin™ significantly reduced
the levels of IL-1β, IL-6, IL-8, and TNF-α for all cell types
(∗p < 0:01).

In addition, Figure 3 shows that all cell types responded
similarly to LPS stimulation, since LPS increased the levels
of CCL2 (Figure 3(a); #p < 0:01), CCL3 (Figure 3(b);
#p < 0:01), and CCL5 (Figure 3(c); #p < 0:01), while Miode-
sin™ significantly reduced the levels of CCL2 (Figure 3(a);
∗p < 0:01), CCL3 (Figure 3(b); ∗p < 0:01), and CCL5
(Figure 3(c); ∗p < 0:01).

3.3. Miodesin™ Inhibits LPS-Induced Nitric Oxide (NO)
Release. The NO levels released by chondrocytes, kerati-
nocytes, and macrophages are presented in Figure 4.

Table 1

Gene Primer sequences

NF-κβ
Forward 5′-ATGGCTTCTATGAGGCTGAG-3′
Reverse 5′-GTTGTTGTTGGTCTGGATGC-3′

COX-1
Forward 5′-AGGAGATGGCTGCTGAGTTGG-3′
Reverse 5′-AATCTGACTTTCTGAGTTGCC-3′

COX-2
Forward 5′-ACACCTTCAACATTGAAGACC-3′
Reverse 5′-ATCCCTTCACTAAATGCCCTC-3′

PLA2
Forward 5′-AAAGAACACTATAGGGAGAG-3′
Reverse 5′-AAAGAGGTAAAGGGCATTGT-3′

iNOS
Forward 5′-CTATCAGGAAGAAATGCAGGAGAT-3′

Reverse 5′-GAGCACGCTGAGTACCTCATT-3′

CCL2
Forward 5′-GATCCCAATGAGTAGGCTGG-3′
Reverse 5′-CGGGTCAACTTCACATTCAAAG-3′

CCL3
Forward 5′-ACACCAGAAGGATACAAGCAG-3′
Reverse 5′-CGATGAATTGGCGTGGAATC-3′

CCL5
Forward 5′-CCCACGTCAAGGAGTATTTCTAC-3′
Reverse 5′-CTAGGACTAGAGCAAGCGATG-3′

Dnmt1
Forward 5′-GGTTCTTCCTCCTGGAGAATGTC-3′

Reverse 5′-GGGCCACGCCGTACTG-3′

Dnmt3A
Forward 5′-CAATGACCTCTCCATCGTCAAC-3′
Reverse 5′-CATGCAGGAGGCGGTAGAA-3′

Dnmt3B
Forward 5′-CCATGAAGGTTGGCGACAA-3′

Reverse 5′-TGGCATCAATCATCACTGGATT-3′

18S
Forward 5′-AACTGCGGAATGGCTCATTAAATC-3′
Reverse 5′-TTGATCTGATAAATGCACGCATC-3′

GAPDH
Forward 5′-CGGTGTGAACGGATTTGGC-3′

Reverse 5′-GTGAGTGGAGTCATACTGGAAC-3′
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The results demonstrated that LPS significantly induced
NO release by chondrocytes (Figure 4, #p < 0:01), keratino-
cytes (Figure 4, #p < 0:01), and macrophages (Figure 4,
#p < 0:01), while Miodesin™ abolished such effects in all
cell types tested: chondrocytes (Figure 4, ∗p < 0:01), kera-
tinocytes (Figure 4, ∗p < 0:01), and macrophages (Figure 4,
∗p < 0:01).

3.4. Expression of Cytokine and Inflammatory Mediators at
mRNA Levels in Cell Lines. Figure 5 shows the effects of Mio-
desin™ on the mRNA levels of the nuclear transcription fac-
tor (NF-κβ), inflammatory enzymes (COX-1, COX-2, PLA2,
and iNOS), and chemokines (CCL2, CCL3, and CCL5) on
chondrocytes (Figure 5(a)), keratinocytes (Figure 5(b)), and
macrophages (Figure 5(c)). The results demonstrated that
LPS significantly induced the expression of the nuclear tran-
scription factor (NF-κβ; #p < 0:01), inflammatory enzymes
(COX-1, COX-2, PLA2, and iNOS; #p < 0:01), and chemo-
kines (CCL2, CCL3, and CCL5; #p < 0:01) on chondrocytes
(Figure 5(a)), keratinocytes (Figure 5(b)), and macrophages

(Figure 5(c)), while Miodesin™ inhibited such effects in
all cell types tested: chondrocytes (Figure 5(a), ∗p < 0:01),
keratinocytes (Figure 5(b), ∗p < 0:01), and macrophages
(Figure 5(c), ∗p < 0:01).

3.5. Miodesin™ Promotes Downregulation in Global DNA
Methylation and Decreases Dnmt mRNA Levels. Cells were
treated with 200μg/mL of Miodesin™; the DNA methyla-
tion showed no significant reduction in any of the cell lines
evaluated, in comparison to the control at 24 h as estimated
using the Imprint® Methylated DNA Quantification Kit
(Figure 6(a)). To verify whether the changes observed in
DNA methylation was accompanied by changes in the
expression of Dnmt genes, the mRNA levels of Dnmt1,
Dnmt3A, and Dnmt3B genes in the studied cell lines were
quantified after incubation with Miodesin™ 200μg/mL for
24 h. Miodesin™ did not reduce significantly the endogenous
Dnmt1, Dnmt3A, and Dnmt3B mRNA levels in cell lines
(Figure 6(b)).
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Figure 1: Effects of Miodesin™ on cell line viability and cell toxicity. Cells were treated with different concentrations of Miodesin™ for 24 h,
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Figure 2: Cells were pretreated with Miodesin™ (200 μg/mL) for 2 h and treated with LPS (1 μg/mL) for 24 h. Values were expressed as
mean ± SEM. #p < 0:01 vs. control (nontreated cells), and ∗p < 0:01 vs. LPS-treated cells.
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4. Discussion

The present study is the first to demonstrate the mechanism
of action of Miodesin™ in reducing inflammatory markers
such as interleukins, tumor necrosis factor-alpha (TNF-α),
chemokines, and nitric oxide (NO) that are triggered by the
chondrocytes, keratinocytes, and inflammatory cells [18]. In
addition, a probable involvement in epigenetic mechanisms
may be involved in the anti-inflammatory action of Miode-

sin™. The presence of the phytocomplex formed by Uncaria
tomentosa (cat’s claw), Endopleura uchi, known as uxi, and
astaxanthin, the xanthophyll carotenoid, guarantees Miode-
sin™ anti-inflammatory and antioxidant activity.

The presence of Uncaria tomentosa in the formulation
gives Miodesin™ a variety of bioactive secondary metabolites,
including tetra- and pentacyclic oxindole alkaloids, glyco-
sides, polyoxygenated triterpenes, and procyanidins [19].
Most investigators attribute the biological effects of this plant
to the oxindole alkaloids, an assumption that has been cor-
roborated by studies of several such alkaloids that indicated
their antioxidant, immunomodulatory, and antineoplastic
properties [20]. The anti-inflammatory effects of Uncaria
tomentosa could be due to its inhibition of lipopolysaccha-
ride- (LPS-) dependent expression of tumor necrosis factor-
alpha (TNF-α) [11] by reduction of the expression of the
transcription factor nuclear factor κ light-chain enhancer
of activated B cells (NF-κβ) [21, 22], an effect that, in turn,
regulates the expression of tumor necrosis factor-alpha
(TNF-α). By reducing the expression of NF-κβ, Uncaria
tomentosa also reduces the TNF-α levels and intensifies its
anti-inflammatory action [21, 23].

Phytochemical studies with Endopleura uchi, which is
an Amazon species traditionally used for the treatment
of inflammations and female disorders, indicate that the
compound bergenin (coumarin) is responsible for the anti-
inflammatory action [12, 24], although it indicates the pres-
ence of tannins and saponins in the barks [25, 26]. Bergenin,
the most abundant molecule, has anti-inflammatory action,
apparently throughmitogen-activated protein kinase (MAPK)
and nuclear factor kappa B (NF-κβ) inhibition (N), in addi-
tion to inhibiting the action of cycloxygenase-2 [27].

Astaxanthin is a well-known carotenoid, since many
studies in recent years have demonstrated its inhibitory role
against oxidative stress and inflammation, dangerous pro-
cesses at the basis of many chronic diseases [28]. Astax-
anthin exerts its anti-inflammatory effect by inhibiting
nuclear translocation of NF-κβ p65 and by preventing ROS
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Figure 3: Cells were pretreated withMiodesin™ (200 μg/mL) for 2 h
and treated with LPS (1 μg/mL) for 24 h. Values were expressed as
mean ± SEM. #p < 0:01 vs. control (nontreated cells), and ∗p < 0:01
vs. LPS-treated cells.
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Figure 4: Cells were pretreated withMiodesin™ (200 μg/mL) for 2 h
and treated with LPS (1 μg/mL) for 24 h. Values were expressed as
mean ± SEM. #p < 0:01 vs. control (nontreated cells), and ∗p < 0:01
vs. LPS-treated cells.
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accumulation in NRF2-dependent and NRF2-independent
mechanisms [29].

The treatment of chondrocytes with Miodesin™ reduced
the secretion of interleukins and chemokines, corroborating

data found in the literature that show the action of Uncaria
tomentosa in osteoarthritis [30–33]. It is worth mentioning
the reduction in the secretion of two other interleukins, IL-
17 and IL-23, that have been found in osteoarthritis joints
which also cause destructive proteases and induction of the
synthesis of NO [30], in addition to being considered those
which play crucial roles in the induction of local inflamma-
tion and cartilage destruction diseases such as rheumatoid
arthritis [34]. The effects of Miodesin™ on the expression of
mRNA of inflammatory enzymes, NF-κβ, and chemokines
in cell lines in the presence or absence of LPS were also eval-
uated. NF-κβ, PLA2, iNOS, and CCL5 showed significantly
reduced mRNA levels, while COX-1, COX-2, and CCL3
showed a reduction, but not significant. It is noteworthy that
CCL3 secretion was significantly reduced when chondrocytes
were challenged with LPS. The reduction in mRNA expres-
sion of the iNOS enzyme, associated with a reduction in
NO in the treated chondrocytes, suggests an important role
of Miodesin™ in NO modulation [35]. Our results also
showed that treatment with Miodesin™ reduced the levels
of NF-κβ mRNA. Thus, we suggest that Miodesin™ can reg-
ulate the function of NF-κβ, which has a mechanism associ-
ated with the destruction of cartilaginous tissue [36]. Also,
in this sense, NF-κβ regulates the production of matrix
metalloproteinases by chondrocytes that are released pro-
moting matrix degradation [37]. Chemokine CCL5 was
increased in chondrocytes after in vitro treatment with
LPS. However, when chondrocytes were previously treated
with Miodesin™, they showed a significant reduction in the
secretion of this chemokine, as well as mRNA levels, sug-
gesting an important role of Miodesin™ in the modulation
of this chemokine, which has a primary function of attract-
ing lymphocytes and monocytes as well as other cell types
[38, 39] and of activating rheumatoid arthritis synovial
fibroblasts (RASFs) to promote MMP-1 and MMP-13 medi-
ated ECM destruction [40].

Keratinocytes form the first line of defense against micro-
organisms, physical or chemical tissue damage, in addition to
producing cytokines that regulate the migration of inflam-
matory cells, activation of immune responses, and prolifera-
tion and differentiation of keratinocytes and fibroblasts [3].
In addition, these cells mediate the skin’s immune response
by secreting various proinflammatory cytokines [41] and
recruit immune cells to the site of insult [42]. Regarding
keratinocytes, Miodesin™ reduced the secretion of IL-8,
IL-1B, and IFN-γ. IL-17 showed a reduction after 72 hours
of treatment. Regarding the evaluated chemokines, although
all showed a reduction, only CCL2 (MCP-1) showed a signif-
icant reduction compared to the control (cells without
treatment). CCL2 mRNA levels were also significantly
reduced after previous treatment with Miodesin™. Mono-
cyte chemoattractant protein-1 (MCP-1/CCL2) is one of
the key chemokines that regulate migration and infiltration
of monocytes/macrophages [43]. Upregulated expression of
chemokines such as RANTES/CCL5 and MCP-1/CCL2 has
been detected in the epidermis of patients with both atopic
dermatitis and psoriasis [44]; in addition, with TNF-α being
a potent inducer of IL-8, whose high production is associated
with psoriasis, but not in the skin of patients with atopic
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Figure 5: Effects of Miodesin™ on the expression of mRNA of the
nuclear transcription factor (NF-κβ), inflammatory enzymes
(COX-1, COX-2, PLA2, and iNOS), and chemokines (CCL2,
CCL3, and CCL5) in chondrocytes (a), keratinocytes (b), and
macrophages (c). Values are expressed as mean ± SEM. #p < 0:01
vs. control (nontreated cells), and ∗p < 0:01 vs. LPS-treated cells.
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accumulation in NRF2-dependent and NRF2-independent
mechanisms [29].

The treatment of chondrocytes with Miodesin™ reduced
the secretion of interleukins and chemokines, corroborating

data found in the literature that show the action of Uncaria
tomentosa in osteoarthritis [30–33]. It is worth mentioning
the reduction in the secretion of two other interleukins, IL-
17 and IL-23, that have been found in osteoarthritis joints
which also cause destructive proteases and induction of the
synthesis of NO [30], in addition to being considered those
which play crucial roles in the induction of local inflamma-
tion and cartilage destruction diseases such as rheumatoid
arthritis [34]. The effects of Miodesin™ on the expression of
mRNA of inflammatory enzymes, NF-κβ, and chemokines
in cell lines in the presence or absence of LPS were also eval-
uated. NF-κβ, PLA2, iNOS, and CCL5 showed significantly
reduced mRNA levels, while COX-1, COX-2, and CCL3
showed a reduction, but not significant. It is noteworthy that
CCL3 secretion was significantly reduced when chondrocytes
were challenged with LPS. The reduction in mRNA expres-
sion of the iNOS enzyme, associated with a reduction in
NO in the treated chondrocytes, suggests an important role
of Miodesin™ in NO modulation [35]. Our results also
showed that treatment with Miodesin™ reduced the levels
of NF-κβ mRNA. Thus, we suggest that Miodesin™ can reg-
ulate the function of NF-κβ, which has a mechanism associ-
ated with the destruction of cartilaginous tissue [36]. Also,
in this sense, NF-κβ regulates the production of matrix
metalloproteinases by chondrocytes that are released pro-
moting matrix degradation [37]. Chemokine CCL5 was
increased in chondrocytes after in vitro treatment with
LPS. However, when chondrocytes were previously treated
with Miodesin™, they showed a significant reduction in the
secretion of this chemokine, as well as mRNA levels, sug-
gesting an important role of Miodesin™ in the modulation
of this chemokine, which has a primary function of attract-
ing lymphocytes and monocytes as well as other cell types
[38, 39] and of activating rheumatoid arthritis synovial
fibroblasts (RASFs) to promote MMP-1 and MMP-13 medi-
ated ECM destruction [40].

Keratinocytes form the first line of defense against micro-
organisms, physical or chemical tissue damage, in addition to
producing cytokines that regulate the migration of inflam-
matory cells, activation of immune responses, and prolifera-
tion and differentiation of keratinocytes and fibroblasts [3].
In addition, these cells mediate the skin’s immune response
by secreting various proinflammatory cytokines [41] and
recruit immune cells to the site of insult [42]. Regarding
keratinocytes, Miodesin™ reduced the secretion of IL-8,
IL-1B, and IFN-γ. IL-17 showed a reduction after 72 hours
of treatment. Regarding the evaluated chemokines, although
all showed a reduction, only CCL2 (MCP-1) showed a signif-
icant reduction compared to the control (cells without
treatment). CCL2 mRNA levels were also significantly
reduced after previous treatment with Miodesin™. Mono-
cyte chemoattractant protein-1 (MCP-1/CCL2) is one of
the key chemokines that regulate migration and infiltration
of monocytes/macrophages [43]. Upregulated expression of
chemokines such as RANTES/CCL5 and MCP-1/CCL2 has
been detected in the epidermis of patients with both atopic
dermatitis and psoriasis [44]; in addition, with TNF-α being
a potent inducer of IL-8, whose high production is associated
with psoriasis, but not in the skin of patients with atopic
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Figure 5: Effects of Miodesin™ on the expression of mRNA of the
nuclear transcription factor (NF-κβ), inflammatory enzymes
(COX-1, COX-2, PLA2, and iNOS), and chemokines (CCL2,
CCL3, and CCL5) in chondrocytes (a), keratinocytes (b), and
macrophages (c). Values are expressed as mean ± SEM. #p < 0:01
vs. control (nontreated cells), and ∗p < 0:01 vs. LPS-treated cells.
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dermatitis or healthy skin, we can suggest that, due to the
reduced production of TNF-α by Miodesin™, the phytocom-
plex could present itself as an interesting adjunctive therapy
option in the treatment of psoriasis [45, 46]. Interestingly,
a reduction in IFN-γ levels was observed, since IFN-γ-
activated keratinocytes express a wide range of cytokines,
chemokines, and membrane molecules that direct the
recruitment, activation, and retention of specific leukocyte
subpopulations in the skin [47].

Innate immunity cells, such as macrophages, trigger a
rapid immune response, being able to secrete various types
of cytokines [48]. In this way, we use RAW 264.7 (macro-
phages) cells associated with LPS to stimulate these macro-
phages to produce inflammatory mediators. The results
found showed that Miodesin™ inhibited NO production and
suppressed iNOS mRNA levels in LPS-stimulated cells. In
addition, Miodesin™ also significantly reduced the secretion
of cytokines, such as TNF-α, IL-6, IL-8, and IL-1β. The results
of the evaluated chemokines showed that CCL2/MCP-1
CCL3/MIP-1α were significantly reduced when compared
to RAW 264.7 (macrophage) cells stimulated with LPS. The
levels of NF-κβ, COX-1, PLA2, CCL2, and CCL5 mRNA
were also reduced in RAW 264.7 (macrophage) cells when
compared to cells stimulated with LPS. The results obtained
suggest that the anti-inflammatory action of Miodesin™ is
due, at least in part, to the action of the components of
its formulation, either by the action of astaxanthin, reduc-
ing proinflammatory cytokine secretion, e.g., IL-1β, IL-6,
and TNF-α, and reducing NF-κβ nuclear expression [49,
50]; by the action of Uncaria tomentosa, promoting the
inhibition of interleukins such as IL-1β, IL-17, and TNF-
α, in addition to the inhibition of NF-κβ [10, 51, 52]; or
by the action of Endopleura uchi [27, 53], inhibiting the
action of cyclooxygenases (COX-1 and COX-2) and phos-

pholipase A2 (PLA2), reducing the production of proin-
flammatory cytokines (IFN-γ and TNF-α). Our results,
therefore, show the anti-inflammatory activity of Miode-
sin™, by regulating the expression and/or secretion of
several important inflammatory biomarkers.

Finally, we evaluated if Miodesin™ promotes changes in
the global DNA methylation and in the levels of mRNA of
the enzymes called methylases (Dnmt1, Dnmt3A, and
Dnmt3B). The results obtained indicated no significant alter-
ations in global DNA methylation in all cell lines evaluated.
The levels of mRNA of the enzymes called methylases were
not statistically reduced, corroborating the findings of global
DNA methylation. These findings seem to be in accor-
dance with the current evidence which suggests a potential
role of epigenetics on the level of inflammatory markers
reporting on the association of inflammation with global
DNA methylation showing a hypomethylation trend [54–
56]. The evidence reinforces the role of epigenetic changes
in the modification and modulation of transcription factors,
leading to the deregulation of multiple cascades of intracellu-
lar signaling [57]. In this sense, the literature shows that some
bioactive molecules present in components of the formula-
tion of Miodesin™ could have an epigenetic effect, as in the
case of hirsutine from the genus Uncaria, such as Uncaria
rhynchophylla [58] and Uncaria tomentosa [59], which exerts
its epigenetic action inhibiting the activation of NF-κβ
[58]. Thus, NF-κβ could become a possible target in anti-
inflammatory therapy, since it is able to regulate epigenetic
changes associated with inflammation [60]. The correct
understanding of these aspects may generate strategies for
the development of new therapeutic approaches, opening
space for future studies with the aim of investigating the par-
ticipation of Miodesin™ in epigenetic mechanisms related to
the control of different inflammatory processes.
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Figure 6: Global DNAmethylation and mRNA levels of Dnmts. (a) Methylation status of genomic DNA cytosine methylation inMiodesin™-
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