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Abstract
Introduction: Type 2 diabetes mellitus (T2DM) is frequently associated with dyslipidemia, which
corresponds to the increase in the triglycerides and fatty acid concentrations in tissues, such as the
skeletal muscle. The use of herbal medicines as Uncaria tomentosa (Ut) has been proposed as an
auxiliary treatment for patients with T2DM. In this study, it was evaluated the Ut aqueous extract effect
on cell viability of skeletal myoblasts from C2C12 lineage exposed to the free fatty acid palmitate (PA),
and on the reactive oxygen species (ROS) production, which consists a central event involved in T2DM
pathogenesis. 

Methods: Cells were cultured in Dulbecco's modified Eagle's medium (DMEM), supplemented with 10%
fetal bovine serum (FBS), at 37°C humidified atmosphere and 5% CO2. The cells were incubated with PA
in different concentrations, in the presence or absence of 250 μg/ml Ut aqueous extract, for 2, 6 or 24 h.
After these periods, oxidative stress was evaluated by fluorescence spectroscopy. 

Results: Incubation of cells with PA and Ut aqueous extract resulted in an increase of, at least, 50% in cell
viability compared to control with only PA. The treatment of cells with Ut aqueous extract, for 6 h,
followed by exposure to 500 μM PA, caused 38% less ROS formation than those incubated with only the
free fatty acid. 

Conclusion: The Ut aqueous extract promoted a rise in cell viability, reduced cell death and attenuated
ROS formation in cultures incubated with 500 μM PA, protecting cells from the fatty acid lipotoxicity.

1. INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a chronic non-communicable disease with increasing prevalence in
recent years (Bourne et al, 2013; WHO, 2020), resulting in low quality of life. It is estimated that in 2045
there will be an increase of 35% in cases worldwide, exceeding 690 million (Chao et al., 2019; IDF, 2017;
Zhao et al., 2015).

T2DM is considered a multifactorial syndrome characterized by plasma chronic hyperglycemia with
disorders in the metabolism of carbohydrates, lipids and proteins, resulting from changes in insulin
production, secretion and/or its mechanism of action of insulin. In addition, T2DM is often associated
with dyslipidemia (WHO, 2009; Giuffrida et al., 2017; Cui et al., 2020).

Basically, diabetic dyslipidemia consists of increasing concentrations of triglycerides, which are
composed of a glycerol molecule associated with three fatty acid molecules (Muniz et al., 2012; Fung &
Berger, 2016). Following the lipolysis process, the free fatty acids (FFA) are transported in the blood,
mostly, reversibly linked to albumin and it is, mainly used by the skeletal and cardiac muscle tissue as an
energy source (Lemaire et al., 2000; Almeida et al., 2014).
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In the skeletal muscle, the accumulation of fatty acids such as palmitate (PA), which represents about 70
to 80% of the total plasma FFA (Hoehn et al., 2008; Lambertucci et al., 2008), stimulates the production of
pro-inflammatory cytokines and reactive oxygen species (ROS) (Ly et al., 2017; Lefranc et al., 2018). In
addition, the increased concentration of palmitate promotes mitochondrial dysfunction, which also leads
to ROS production and oxidative stress (Ly et al., 2017; Guo et al., 2020).

It has been shown the involvement of ROS and cellular redox mechanismsin the regulation of molecular
processes (Ly et al., 2017; Franchina et al., 2018; Guo et al., 2020). In general, the antioxidant enzymes
present in the tissues are sufficient to block the damage caused by physiological amounts of ROS.
However, an imbalance between the formation of ROS and the ability of cells to remove these
compounds results in the oxidative stress (Oter et al., 2012; Zhang et al., 2019). Particularly, oxidative
stress has been related to insulin resistance (IR) observed in T2DM (Ly et al., 2017), a condition in which
cells do not respond adequately to circulating insulin levels. Although many molecular events can be
related to IR, mostly are direct or indirectly associated with oxidative stress and inflammation.

Considering the molecular events involved in oxidative stress, the use of antioxidants combined with
drugs that target lipid metabolism has been suggested for the treatment of obese individuals with T2DM.

Currently, it has been a challenge for health professionals and consumers to make decisions regarding
the safe combinations of drugs and medicinal plants, due to a lack of strong clinical evidence related to
plant compounds interactions. In addition, little is known about the mechanisms involved in these
processes (Zhang, 2017; Feltrin and Simões, 2019).

In 2013, WHO (World Health Organization) published the “WHO traditional medicine strategy: 2014–
2023”, which aims to support the practice of complementary and alternative medicine to promote public
health, including phytotherapy, which is the use of medicinal plants for a healthy application. The plan
aims to promote safety, efficacy, and quality of complementary and alternative medicine by expanding
the knowledge base and providing guidance under the regulatory and quality assurance standards (WHO,
2013). In 2016, the American National Center for Complementary and Integrative Health (NCCIH)
published a strategic plan to explore the science of complementary and integrative health, including
phytotherapy (NIH, 2016). In this context, several plants of the Brazilian flora have been explored focusing
on therapies for the treatment of different diseases.

Uncaria tomentosa (Ut), popularly known as “cat's claw”, is a plant species of the Rubiaceae family
recognized as an herbal medicine that appears in the National List of Essential Medicines (RENAME)
(Brazil, 2018) for being used in capsules, gels or teas.

It has been already shown in in vitro tests that the Ut bark aqueous extract presents antioxidant activity
(Azevedo et al., 2017; Navarro-Hoyos et al., 2018). Other studies have also shown the presence of
antioxidant compounds such as cinchonain, a molecule belonging to the proanthocyanidin class (Wirth &
Wagner, 1997; Akesson et al., 2003; Heitzman et al., 2005). In this sense, using a cell culture model, Bors
et al. (2012) confirmed the antioxidant effect of Ut leaves aqueous preparations on human erythrocytes
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against oxidative stress. It has also been shown that the Ut aqueous extract prevents the lipid
peroxidation in phagocytic cells and the consequent damage to the cell membrane and DNA (Gonçalves
et al., 2005; Bors et al., 2012).

Based on these evidences and the fact that skeletal muscle tissue is an important target for the high
plasma triglycerides and FFA content, which are related to diabetic dyslipidemia and lipotoxicity, we
developed an in vitro model that mimics the lipotoxic scenario associated with T2DM. We have shown
that the viability of muscle cells incubated with 500 µM PA, for 24 or 48 h, has been reduced to
approximately 44 and 26% in 24 and 48 h, respectively (Freitas et al., 2020). On the other hand, the
treatment with 250 µg/ml Ut aqueous extract resulted in an increase of 50% on cell viability compared to
control (Freitas et al., 2020). Considering the convergence of multiple processes such as cell death,
oxidative stress, dyslipidemia and T2DM, we studied the effect of Ut aqueous extract on the palmitate-
induced oxidative stress in skeletal muscle cells under physiological and lipotoxic concentrations.

2. MATERIAL AND METHODS

2.1 Cell cultures
The skeletal muscle cell line C2C12 (ATCC - American Type Culture Collection, CRL − 1772) was acquired
from Rio de Janeiro Cell Bank (BCRJ). Cells were cultured in Dulbecco's modified Eagle's medium
(DMEM) containing 4 mM glucose, 10% fetal bovine serum (FBS) and the antibiotics 10,000 IU/ml
penicillin and 10 mg/ml /streptomycin, in 5% CO2 incubator at 37oC, until the culture reach 80% of
confluence. At that time, cells were transferred to 6 or 96 well plates for the different experiments.

2.2 Ut aqueous extract and palmitate solutions preparation
The powder of Uncaria tomentosa crude extract (Reference number 100001372, code 2470), from the
plant root bark, was donated by Herbarium Botanic Laboratory (herbarium.com.br, Curitiba, PR, Brazil). A
powdered fraction was used to prepare the aqueous extract. The solution was prepared weekly, using 100
mg of the extract in 1 ml of distilled water (dH2O), which was kept at 37°C for 24 h according to Bors et
al. (2012). After this period, the solution was homogenized and centrifuged for 5 min, at 400 x g. The
supernatant was recovered and filtered (0,22 µm) to be used in the experiments. The chromatogram of
the crude extract, sent by the supplier (Supplementary Information S1), confirms the presence of uncarine
D, uncarine F, mitraphylline, isomitraphylline, uncarine C and uncarine E compounds.

The PA stock solution was prepared at 0,1 M concentration in absolute ethanol. At the moment of
incubating with cells, stock solution was diluted and 2% bovine serum albumin (BSA) was added to
conjugate the fatty acid to the protein.

2.3 Cell treatments
Cells were plated at 2x105 or 1x104 cells/ml density, in 6 or 96-well plates, respectively, and incubated
with PA solution in different concentrations (0, 10, 50, 100, 250, 500, 750 and 1000 µM), for 24 or 48 h, in
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the absence or presence of Ut aqueous extract pre-incubation, in different concentrations (0, 10, 50, 100,
250, 500, 750 and 1000 µg/ml), for 2, 6 or 24 h, as indicated in each experiment.

To verify whether the effect of Ut aqueous extract against PA cytotoxicity was related to its presence in
the intracellular or extracellular environment, the following experimental approaches were adopted, as
shown in Fig. 1: A) after the pretreatment, for 2 or 6 h, with Ut aqueous extract, cultures were washed with
PBS before incubation with PA in different concentrations, for 24 h (preventive condition); B) after the
pretreatment, for 2 or 6 h, with Ut aqueous extract, cultures were incubated with PA in different
concentrations, for 24 h; C) after the incubation with PA in different concentrations for 24 h, cultures were
washed with PBS and then the Ut aqueous extract was added, for 2 or 6 h (therapeutic condition).

2.4 Cell viability determination
The 3-(4,5-dimethylazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) stock solution was prepared at 5
mg/ml in PBS. After the incubation with PA for 24 h, in the absence or presence of Ut aqueous extract
pretreatment, 5 µl of MTT solution were added to the cultures in 96-well microplate and the cells were
cultured for 4 h, at 37oC. After this period, the medium was removed and 100 µl of dimethyl sulfoxide
(DMSO) was added to each well to dissolve formazan crystals. Cell viability was determined by the
absorbance at 595 nm in the BioTek Synergy HT microplate reader. Four individual experiments were
performed in triplicates and the results were analyzed with Gen5 software. The absorbance was
converted into the percentage (%) of viable cells in relation to the total, as following:

The degree of cytotoxicity was determined using the classification by Oliveira (2009).

2.5 Cell viability and DNA fragmentation analysis by flow
cytometry
After the incubation with PA for 24 h, in the absence or presence of Ut aqueous extract pretreatment, cells
were collected with 0.25% trypsin. The cell suspension was centrifuged for 5 min, at 400 x g. To assess
cell viability, the pellet was resuspended in 200 µl of PBS and 5 µl of 1 mg/ml propidium iodide (PI) was
added to the cell suspension. For DNA fragmentation analysis, the pellet was resuspended in 300 µl of
PBS containing 0.1% Triton® X-100 and 20 µg/ml PI. Cells were evaluated on Guava EasyCyte 8HT flow
cytometer using the InCyte® software. Three individual experiments were performed in triplicates and
10.000 events were acquired per sample. The results were expressed as a percentage of the total number
of cells in each sample.

2.6 Intracellular ROS production determination
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After cell incubation with 100 or 500 µM PA, in the absence or presence of Ut aqueous extract
pretreatment in 96-well microplates, the ROS production was quantified by the fluorescent marker 2',7'-
dichlorofluorescein diacetate (DCFDA) using the commercial kit DCFDA/HeDCFDA d6883 (Sigma-Aldrich,
St. Louis, USA). The medium was removed from the plates and two washings with PBS were performed.
Then, 10 µM DCFDA diluted in DMEM without phenol red was added and the incubation continued for 30
min at 37oC. Cultures were washed twice with PBS and the ROS presence was evaluated at λexcitation = 
485 nm and λemission = 528 nm in the BioTek Synergy HT microplate reader. Three individual experiments
were performed in triplicates and the results were analyzed using the Gen5 software (version 1.0.14,
BioTek). The fluorescence values were expressed in Fluorescence Arbitrary Units (FAU) and converted into
percentage, considering the number of viable cells in each sample, in relation to the control (as shown in
2.4 topic).

2.7 Statistical analysis
The results were expressed as the mean ± standard error (SE) and the differences were analyzed by two-
way ANOVA, followed by the Bonferroni post-test, using the GraphPad Prism software (version 8). The
differences were considered significant at p < 0.05.

3. RESULTS

3.1 Determination of cell viability
Cell viability was evaluated in cultures exposed to PA in different concentrations. It was observed that the
culture incubation with 250 µM PA resulted in the reduction of viability to approximately 73% in 24 h and
50% in 48 h. In addition, cell viability was reduced to approximately 44 and 26%, in the incubation by 24
or 48, respectively, with PA in concentrations from 500 µM when compared to the control (cells cultured in
the presence of 0,05% ethanol) (Fig. 2). However, this FFA was not toxic at the concentrations of 10, 50
and 100 µM.

Also, it was possible to verify that the incubation with PA in concentrations higher than 250 µM, for 48 h,
resulted in reduction of cell viability. Specifically, incubation with 250 µM PA for 48 h caused a decrease
in cell viability of 32% compared to the incubation for 24 h, showing a time-dependent effect. At
concentrations higher than 250 µM, cell viability was reduced by approximately 59%, when compared to
the incubation period of 24 h.

The incubation of cells with only Ut aqueous extract, resulted in significant increase in cell viability
between 30 and 70% at concentrations from 250 µg/ml compared to the control (Fig. 3). Since the
concentration of 250 µg/ml was the lowest capable of promoting an increase in cell viability in
comparison to control, this was the one chosen for further experiments.

As observed in Fig. 2, it was shown that PA is cytotoxic from the concentration of 250 µM when
incubated for 24 or 48 h with the cells, so this concentration was used in the following investigations.
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Interestingly, the pretreatment with 250 µg/ml Ut aqueous extract, for 2 or 6 h, and subsequently, with 250
µM PA, resulted in increase of cell viability of 21 and 30%, respectively, when compared to cultures
incubated with only the FFA (Fig. 4A). This same effect was observed in cultures incubated with 500, 750
and 1000 µM PA, in which the pretreatment with 250 µg/ml Ut aqueous extract, for 2 or 6 h, promoted an
increase in cell viability between 50 and 80%, respectively, compared to cultures incubated with only PA.

The cell viability in cultures pretreated with the 250 µg/ml Ut extract, for 2 or 6 h, washed with PBS to
remove the Ut extract from the medium and, subsequently, incubated with 250 µM PA presented an
increase of by 15 and 20% in cell viability, respectively, compared to the cultures incubated with only this
FFA at the same concentration (Fig. 4B). In cultures incubated with PA in concentrations above 500 µM,
the pretreatment with the Ut aqueous extract, for 2 or 6 h, resulted in increase in cell viability between 30
and 70%, respectively, in comparison to control samples.

Regarding to the period of time of pretreatment with the Ut extract, it was shown that the incubation for 6
h resulted in a significant cell viability increase in relation to the treatment for 2 h, both when the extract
was incubated concomitantly with the FFA (Fig. 4A), as well as when it was removed before the addition
of PA (Fig. 4B). Indeed, it was shown that the action of Ut extract, in cultures incubated with PA at
concentrations higher than 500 µM, for 6 h, increased cell viability in 11% compared to 2 h pretreatment
period. Also, Ut extract promoted a raise of 21% in cell viability when incubated for 6 h, compared to
incubation period of 2 h for the same PA concentrations.

A)

3.2 Evaluation of cell viability and DNA fragmentation by
flow cytometry
The treatment of cells with only 250 µg/ml Ut extract for 2, 6 or 24 h did not cause cell death in all periods
of time, compared to the control (Fig. 5). However, when the cultures were pretreated with the extract for 2
h in the preventive condition, and subsequently exposed to 500 µM PA, there was an increase of 12% in
cell viability compared to the incubation with only the FFA. Also, when the cells were incubated with 500
µM PA and treated with Ut extract for 6 h, in both conditions (preventive or therapeutic), it was observed
an increase of 27 and 70% in cell viability respectively, in relation to the cultures incubated with only the
FFA.

In order to study molecular events related to palmitate-induced cell death, the DNA fragmentation was
evaluated, as an indicative of apoptosis occurrence. In the absence of cytotoxic stimulus, the Ut aqueous
extract had no effect on DNA fragmentation in cells compared to the control (Fig. 6). In cultures
incubated with 500 µM PA, the percentage of cells with fragmented DNA was 60%, which is statistically
different from the control. Furthermore, in cultures incubated with 500 µM PA and treated with the Ut
aqueous extract, for 6 h, in the preventive or therapeutic condition, a reduction of 16% and 57% were
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observed, respectively, in the number of cells with fragmented DNA, compared to cultures incubated with
only PA.

3.3 Determination of ROS intracellular production
The incubation of cultures with 100 µM PA, in the absence or presence of Ut aqueous extract
pretreatment, did not change the percentage of ROS formation, in relation to the cultures incubated with
only the FFA (Fig. 7). However, the incubation of cultures with 500 µM PA, for 24 h, increased 20-fold the
ROS formation compared to the control, indicating its involvement in ROS generation and, potentially, in
oxidative stress.

Interestingly, the treatment with Ut aqueous extract, for 2 h, in the preventive or therapeutic conditions,
resulted in reduction of 12 and 20%, respectively, in ROS production when compared to cultures treated
with only 500 µM PA, while the treatment with Ut extract, for 6 h, both in the preventive or therapeutic
conditions, promoted a decrease of 21 and 55%, respectively, in the ROS formation, compared to control
with only the FFA.

4. DISCUSSION
Considering the convergence of multiple processes such as cell death, oxidative stress, inflammation,
dyslipidemia, IR and DM2, and that the skeletal muscle tissue is an important target for the high content
of plasma triglycerides and FFA, several experimental models have been developed to evaluate the PA
lipotoxicity using rat femoral and mesenteric arteries or mice isolated skeletal muscle cells (Lima and
Silveira, 2018; Vorn and Yoo, 2019; Sadeghi et al., 2020).

Here, we developed a simplified in vitro model to evaluate the cytotoxic effect of PA on skeletal muscle
cells of the C2C12 lineage. PA cytotoxicity was studied at concentrations that can be achieved during
overnight fasting (100 µM), prolonged fasting (250 µM) or in uncompensated T2DM (1000 µM)
(Chatham, 1999; Hirata & Crespo, 2002). We have shown that PA from the concentration of 250 µM was
cytotoxic to myoblasts (Freitas et al., 2020). Similarly, Filippello et al. (2018) demonstrated that the
incubation ofmurine intestinal cells with palmitate at concentrations higher than 500 µM, for 24 or 48 h,
resulted in reduction of cell viability of 40 and 60%, respectively, in a time and concentration-dependent
manner. In addition, the incubation of cultures with PA resulted in a significant rise in the number of cells
with fragmented DNA, which is an indication of apoptosis occurrence (Nunes et al., 2005; Patková et al.,
2014). It was also shown that the incubation of cultures with 500 µM PA for 24 h increased 20-fold the
ROS formation, compared to the control, confirming its involvement on ROS production and, potentially, in
the oxidative stress.

On the other hand, the treatment with 250 µg/ml Ut aqueous extract promoted an increase of 50% in cell
viability compared to control. Comparable results were obtained by Ciani et al. (2018) using immortalized
skin cells, which showed that the incubation with Ut aqueous extract at concentrations from 250 to 1000
µg/ml, for 24 h, promoted an increase in cell viability between 40 and 60%.
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We have tried different approaches to evaluate the Ut aqueous extract effect on myoblasts viability. In
this sense, when the cultures were treated with Ut aqueous extract, for 2 or 6 h, followed by the incubation
with PA, we found increase in cell viability by 55%, in average, when compared to the incubation with only
the free fatty acid (FFA) (Freitas et al., 2020).

Additionally, to evaluate whether the increase in myoblasts viability occurred due to Ut extract presence in
the culture medium during incubation with PA, or if compounds present in the Ut extract might have
participated on the cellular response against PA cytotoxicity, cultures were washed with PBS between the
pretreatment with the Ut extract and the incubation with the FFA. In this preventive condition, it was
observed an increase of 45% in cell viability, suggesting that compounds in Ut extract might have entered
the cell (Ying et al., 2018) protecting some cellular organelles and/or have activated some intracellular
antioxidant defense pathway. As shown by Duchnowicz et al. (2021), compounds from the Ut bark
extract not only penetrate deeper layers of cell membranes of erythrocytes, but are transferred inside the
cell.

Such effects of Ut bark extracts compounds were also described in Tarahovsky et al. (2014), which
suggested that secondary metabolites are able to penetrate the hydrophobic site of the lipid bilayer,
particularly into the compartments known as lipid raft and increase the antioxidative potential, facilitating
the protection of membrane lipids against oxidation.

Based on this evidence, we also evaluated the effect of Ut extract in the recovery of cell viability, followed
by the incubation of cultures with 500 µM PA, which was called therapeutic treatment (Kim et al., 2018).
In this condition, it was observed an increase up to 70% in cell viability, suggesting that 250 µg/ml Ut
extract act against palmitate-induced lipotoxicity on myoblasts. Particularly, the treatment with Ut
aqueous extract for 6 h was more effective for cell viability recovery, which could suggest its use even
after cells have been damaged by the FFA action. Also, the Ut aqueous extract treatment improved cell
metabolism in a time-dependent manner.

The treatment with Ut aqueous extract for 2 or 6 h, in both preventive or therapeutic conditions, resulted in
reduction of ROS generation when compared to the cultures incubated with only 500 µM PA,
demonstrating that the treatment with Ut extract for 6 h was more efficient in comparison to the period of
2 h. Interestingly, the treatment with Ut extract for 2 and 6 h in cultures incubated with 100 µM PA,
considered a physiological concentration (Freitas et al., 2020), resulted in an increase on ROS production,
compared to control, while the Ut extract promoted a decrease in the amount of ROS in cells incubated
with 500 µM PA. This dual response could be due to the variety of secondary metabolites present in Ut
aqueous extract, as reported by Heitzman et al. (2005) and Ciani et al. (2018). According to Calabrese &
Mattson (2017), this effect may be related to the biphasic response of cells or organisms to the
increasing exposure to an agent, exhibiting an inhibitory or beneficial effect, which can be understood as
an adaptive response to different stimuli, known as hormesis effect.

Indeed, we showed that both preventive and therapeutic conditions with the Ut aqueous extract were
efficient for cell viability recovery, promoting a decrease in the percentage of cells with fragmented DNA
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and on high production of ROS in cells exposed to 500 µM PA.

The Ut effect on skeletal muscle cells exposed to PA has been attributed to its antioxidant content, which
can react with the ROS and other free radicals, neutralizing them and preventing oxidative damage to
membrane lipids (Heitzman et al., 2005; Lehninger et al., 2014, Borçari et al., 2020). Specifically,
Abouelela et al. (2020) investigated the antioxidant effect of the alkaloid cinchonain, isolated from the
aqueous extract of Ceiba pentandra plant and tested in adult rats with renal deficiency. They found in
assays for ROS quantification and immunohistochemistry analysis that this compound was able to
increase hepatocytes viability, which was correlated to its antioxidant potential.

In summary, the presented results might contribute to a better understanding of the molecular
mechanism involved in the Ut aqueous extract action on palmitate-induced lipotoxicity, in skeletal muscle
tissue, opening perspectives for the therapies based on the redox state reestablishment using herbal
formulations with antioxidants.

5. CONCLUSIONS
The viability of myoblasts incubated with PA, from concentration of 250 µM, was significantly reduced,
confirming the lipotoxic effect of this FFA, whereas the Ut aqueous extract promoted increase in viability
of C2C12 skeletal muscle cells.

Also, cells pretreatment with Ut aqueous extract, for 2 or 6 h, whether in the preventive or therapeutic
conditions, resulted in increase in viability, decreased DNA fragmentation and reduced ROS production in
muscle cells exposed to 500 µM PA, which consists of a cytotoxic concentration.

The observed effects on muscle cells exposed to PA suggest the involvement of the FFA in pathways
related to the oxidative stress.
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(2019/11693-0). 

References
1. Abouelela ME, Orabi MA, Abdelhamid RA, Abdelkader MS, et al. Ethyl acetate extract of Ceiba

pentandra (L.) Gaertn. reduces methotrexate-induced renal damage in rats via antioxidant, anti-
inflammatory, and antiapoptotic actions. J Tradit Complement Med. 2020;10:478–86.
https://doi.org/10.1016/j.jtcme.2019.08.006.

2. Åkesson C, Lindgren H, Pero RW, et al. An extract of Uncaria tomentosa inhibiting cell division and
NF-κB activity without inducing cell death. Int Immunopharmacol. 2003;3:1889–900.
https://doi.org/10.1016/j.intimp.2003.07.001.

3. Almeida FN, Andrade ML, Moreira GV, Camporez JPG, Chimin P, Carvalho CRO. DHEA and non-
alcoholic fat liver disease: increased gene expression of peroxisome proliferation-activated receptor γ
(PPARγ) and fatty acid synthase (FAS). Acta Sci Biol Sci. 2014;36:223.
https://doi.org/10.4025/actascibiolsci.v36i2.19471.

4. Azevedo B, Roxo M, Borges M, Peixoto H, Pereira AM, Wink M. 2017. Uncaria tomentosa Leaves
Decoction Modulates Differently ROS Production in Cancer and Normal Cells, and Effects Cisplatin
Cytotoxicity. Molecules 22, p. 620. https://doi.org/1010.3390/molecules24183299.

5. Borçari NR, Santos JF, Reigado GR, Freitas BL, Araújo MS, Nunes VA. Vitamins Modulate the
Expression of Antioxidant Genes in Progesterone-Treated Pancreatic β Cells: Perspectives for
Gestational Diabetes Management. Int J Endocrinol. 2020;1–14.
https://doi.org/10.1155/2020/8745120.

6. Bors M, Michałowicz J, Pilarski R, Sicińska P, Gulewicz K, Bukowska B. Studies of biological
properties of Uncaria tomentosa extracts on human blood mononuclear cells. J Ethnopharmacol.



Page 12/21

2012;142:669–78. https://doi.org/10.1016/j.jep.2012.05.036.

7. Bourne RRA, Stevens GA, White RA, Smith JL, et al. Causes of vision loss worldwide, 1990–2010: A
systematic analysis. Lancet Glob Heal. 2013;1:339–49. https://doi.org/10.1016/S2214-
109X(13)70113-X.

8. Brasil. 2018. Relação Nacional de Medicamentos Essenciais: RENAME. Ministério da Saúde, Secr.
Ciência, Tecnol. e Insumos Estratégicos, Dep. Assist. Farm. e Insumos Estratégicos. – Brasília,
Ministério da Saúde.

9. Calabrese EJ, Mattson MP. How does hormesis impact biology, toxicology, and medicine? Nat Part J
Aging Mech Dis. 2017;3:13. https://doi.org/10.1038/s41514-017-0013-z.

10. Chao Z, Yang C, Wai STC, Zhang Y, Portillo P, Paoli M, P., et al. Regulation of glucose metabolism by
bioactive phytochemicals for the management of type 2 diabetes mellitus. Crit Rev Food Sci Nutr.
2019;59:830–47. https://doi.org/10.1080/10408398.2018.1501658.

11. Chatham JC, Gao Z-P, Forder JR. Impact of 1 wk of diabetes on the regulation of myocardial
carbohydrate and fatty acid oxidation. Am J Physiol Metab. 1999;277:E342–51.
https://doi.org/10.1152/ajpendo.1999.277.2.E342.

12. Ciani F, Tafuri S, Troiano A, Cimmino A, Fioretto BS, et al. Anti-proliferative and pro-apoptotic effects
of Uncaria tomentosa aqueous extract in squamous carcinoma cells. J Ethnopharmacol.
2018;211:285–94. https://doi.org/10.1016/j.jep.2017.09.031.

13. Cui M, Gang X, Wang, Gang, Xiao X, Li Z, et al. A cross-sectional study. Med (Baltim).
2020;99:e18708. https://doi.org/10.1097/MD.0000000000018708.

14. Duchnowicz P, Pilarski R, Michałowicz J, Bukowska B. Changes in Human Erythrocyte Membrane
Exposed to Aqueous and Ethanolic Extracts from Uncaria tomentosa. Molecules. 2021;26:3189.
https://doi.org/10.3390/molecules26113189.

15. Feltrin C, Oliveira Simões CM. Reviewing the mechanisms of natural product-drug interactions
involving efflux transporters and metabolic enzymes. Chem Biol Interact. 2019;314:108825.
https://doi.org/10.1016/j.cbi.2019.108825.

16. Filippello A, Urbano F, Di Mauro S, Scamporrino A, Di Pino A, et al. Chronic Exposure to Palmitate
Impairs Insulin Signaling in an Intestinal L-cell Line: A Possible Shift from GLP-1 to Glucagon
Production. Int J Mol Sci. 2018;19:3791. https://doi.org/10.3390/ijms19123791.

17. Franchina DG, Dostert C, Brenner D. Reactive Oxygen Species: Involvement in T Cell Signaling and
Metabolism. Trends Immunol. 2018;39:489–502. https://doi.org/10.1016/j.it.2018.01.005.

18. Freitas BL, Santos JF, Carvalho CRO, Nunes VA. 2020. Efeito do Extrato de Uncaria tomentosa e
Palmitato sobre a Morte Celular de Mioblastos C2C12, in: Atena, E, editor, Ciências Biológicas:
Campo Promissor Em Pesquisa – 4. p. 176–186. https://doi.org/10.22533/at.ed.40420240616.

19. Fung J, Berger A. Hyperinsulinemia and Insulin Resistance: Scope of the Problem. J Insul Resist.
2016;1:1–6. https://doi.org/10.4102/jir.v1i1.18.

20. Giuffrida FMA, Moises RS, Weinert LS, Calliari LE, et al. Maturity-onset diabetes of the young (MODY)
in Brazil: Establishment of a national registry and appraisal of available genetic and clinical data.



Page 13/21

Diabetes Res Clin Pract. 2017;123:134–42. https://doi.org/10.1016/j.diabres.2016.10.017.

21. Gonçalves C, Dinis T, Batista M. Antioxidant properties of proanthocyanidins of bark decoction: a
mechanism for anti-inflammatory activity. Phytochemistry. 2005;66:89–98.
https://doi.org/10.1016/j.phytochem.2004.10.025.

22. Guo A, Li K, Xiao Q. Fibroblast growth factor 19 alleviates palmitic acid-induced mitochondrial
dysfunction and oxidative stress via the AMPK/PGC-1α pathway in skeletal muscle. Biochem
Biophys Res Commun. 2020;526:1069–76. https://doi.org/10.1016/j.bbrc.2020.04.002.

23. Heitzman M, Neto C, Winiarz E, Vaisberg A, Hammond G. 2005. Ethnobotany, phytochemistry and
pharmacology of (Rubiaceae). Phytochemistry 66, p. 5–29.
https://doi.org/10.1016/j.phytochem.2004.10.022.

24. Hirata M, Crespo R. In: Curi R, Pompéia C, Miyasaka C, Procopio J, editors. Transporte de ácidos
graxos no plasma. Entendendo a Gordura: Os Ácidos Graxos. Edit. Manole; 2002. p. 598.

25. Hoehn KL, Hohnen-Behrens C, Cederberg A, Wu LE, Turner N, et al. IRS1-Independent Defects Define
Major Nodes of Insulin Resistance. Cell Metab. 2008;7:421–33.
https://doi.org/10.1016/j.cmet.2008.04.005.

26. International Diabetes Federation (IDF)., 2017. Diabetes by region. Diabetes Atlas, p. 1–3.

27. Kim K-H, Lee B, Kim Y-R, Kim M-A, Ryu N, Jung DJ, et al. Evaluating protective and therapeutic effects
of alpha-lipoic acid on cisplatin-induced ototoxicity. Cell Death Dis. 2018;9:827.
https://doi.org/10.1038/s41419-018-0888-z.

28. Lambertucci RH, Hirabara SM, Silveira LdosR, Levada-Pires AC, et al. Palmitate increases superoxide
production through mitochondrial electron transport chain and NADPH oxidase activity in skeletal
muscle cells. J Cell Physiol. 2008;216:796–804. https://doi.org/10.1002/jcp.21463.

29. Lehninger TM, Nelson DL, Cox MM. 2014. Princípios de Bioquímica de Lehninger, 6ª. ed., Edit Artmed,
p. 1298.

30. Lemaire E, O’Toole D, Sauvanet A, Hammel P, et al. Functional and morphological changes in the
pancreatic remnant following pancreaticoduodenectomy with pancreatic gastric anastomosis. Br J
Surg. 2000;87:434–8. https://doi.org/10.1046/j.1365-2168.2000.01388.x.

31. Lima TI, Silveira LR. A microplate assay for measuring cell death in C2C12 cells. Biochem Cell Biol.
2018;96:702–6. https://doi.org/10.1139/bcb-2018-0005.

32. Ly LD, Xu S, Choi S-K, Ha C-M, et al. Oxidative stress and calcium dysregulation by palmitate in type 2
diabetes. Exp Mol Med. 2017;49:e291–1. https://doi.org/10.1038/emm.2016.157.

33. Muniz LC, Schneider BC, Silva ICM, Matijasevich A, et al. Fatores de risco comportamentais
acumulados para doenças cardiovasculares no sul do Brasil. Rev Saúde Pública. 2012;46:534–42.
https://doi.org/10.1590/S0034-89102012005000021.

34. National Institutes of Health (NIH)., 2016. 2016 Strategic Plan. Natl. Institutes Heal. United States.

35. Navarro-Hoyos M, Alvarado-Corella D, Moreira-Gonzalez I, Arnaez-Serrano et al. 2018. Polyphenolic
Composition and Antioxidant Activity of Aqueous and Ethanolic Extracts from Uncaria tomentosa



Page 14/21

Bark and Leaves. Antioxidants 7, p. 65. https://doi.org/10.3390/antiox7050065.

36. Nunes VA, Gozzo AJ, Cruz-Silva I, Juliano MA, Viel TA, et al. Vitamin E prevents cell death induced by
mild oxidative stress in chicken skeletal muscle cells. Comp Biochem Physiol Part C Toxicol
Pharmacol. 2005;141:225–40. https://doi.org/10.1016/j.cca.2005.06.001.

37. Oter S, Jin S, Cucullo L, Dorman H. Oxidants and antioxidants: friends or foes? Oxid. Antioxid Med
Sci. 2012;1:1. https://doi.org/10.5455/oams.080612.ed.001.

38. Patková J, Anděl M, Trnka J. Palmitate-Induced Cell Death and Mitochondrial Respiratory
Dysfunction in Myoblasts are Not Prevented by Mitochondria-Targeted Antioxidants. Cell Physiol
Biochem. 2014;33:1439–51. https://doi.org/10.1159/000358709.

39. Sadeghi A, Shabani M, Alizadeh S, Meshkani R. Interplay between oxidative stress and autophagy
function and its role in inflammatory cytokine expression induced by palmitate in skeletal muscle
cells. Cytokine. 2020;125:154835. https://doi.org/10.1016/j.cyto.2019.154835.

40. Tarahovsky YS, Kim YA, Yagolnik EA, Muzafarov EN. Flavonoid–membrane interactions: Involvement
of flavonoid–metal complexes in raft signaling. Biochim Biophys Acta - Biomembr.
2014;1838:1235–46. https://doi.org/10.1016/j.bbamem.2014.01.021.

41. Vorn R, Yoo HY. Differential effects of saturated and unsaturated fatty acids on vascular reactivity in
isolated mesenteric and femoral arteries of rats. Korean J Physiol Pharmacol. 2019;23:403.
https://doi.org/10.4196/kjpp.2019.23.5.403.

42. Wirth C, Wagner H. 1997. Pharmacologically active procyanidins from the bark of Uncaria
tomentosa. Phytomedicine 4, p. 265–6. https://doi.org/10.1016/S0944-7113(97)80079-7.

43. World Health Organization (WHO). Definition, Diagnosis and Classification of Diabetes Mellitus and
its Complications. Rep. a WHO Consult. Part 1 Diagnosis Classif. Diabetes Mellitus; 2009.

44. World Health Organization (WHO)., 2013. WHO Traditional Medicine Strategy: 2014–2023, 76.

45. World Health Organization (WHO)., 2020. Diabetes. Fact Sheets.

46. Ying L, Ma X, Yin J, Wang Y, et al. The metabolism and transport of 1,5-anhydroglucitol in cells. Acta
Diabetol. 2018;55:279–86. https://doi.org/10.1007/s00592-017-1093-8.

47. Zhang X, Chen M, Zhu L, Zhou Q. 2017. Therapeutic Risk and Benefits of Concomitantly Using Herbal
Medicines and Conventional Medicines: From the Perspectives of Evidence Based on Randomized
Controlled Trials and Clinical Risk Management. Evidence-Based Complement. Altern. Med. 2017,
p. 1–17. https://doi.org/10.1155/2017/9296404.

48. Zhang X, Gaetani M, Chernobrovkin A, Zubarev RA. Anticancer Effect of Deuterium Depleted Water -
Redox Disbalance Leads to Oxidative Stress. Mol Cell Proteomics. 2019;18:2373–87.
https://doi.org/10.1074/mcp.RA119.001455.

49. Zhao Y, Barrere-Cain RE, Yang X. Nutritional systems biology of type 2 diabetes. Genes Nutr.
2015;10:31. https://doi.org/10.1007/s12263-015-0481-3.

Figures



Page 15/21

Figure 1

Schematic experimental approaches. (A) Cells were pretreated, for 2 or 6 h, with Uncaria tomentosa (Ut)
aqueous extract; after these periods, cultures were washed with phosphate buffer saline (PBS) before
incubation with the palmitate (PA) solution in different concentrations, for 24 h ("preventive" condition);
(B) Cells were pretreated, for 2 or 6 h, with Ut aqueous extract and cultures were incubated with PA in
different concentrations, for 24 h. (C) Cells were incubated with PA in different concentrations, for 24 h;
after, cultures were washed with PBS and, then, Ut aqueous extract was added, for 2 or 6 h (“therapeutic”
condition).
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Figure 2

Effect of palmitate (PA) on C2C12 myoblasts viability. Cells were incubated for 24 or 48 h, with PA, at
concentrations from 10 to 1000 μM and evaluated by the MTT method. The data are presented as the
mean ± SE of four individual experiments in triplicates. The values are expressed as the percentage in
relation to the control. * Indicates difference compared to the control without the FFA; # indicates
difference between the two periods of time (p<0.05).



Page 17/21

Figure 3

Effect of the Uncaria tomentosa (Ut) aqueous extract on the viability of C2C12 myoblasts. Cells were
incubated for 24 h with the Ut aqueous extract (10, 50, 100, 250, 500, 750 and 1000 μg/ml) and evaluated
by the MTT method. The data are presented as the mean ± SE of four individual experiments in
triplicates. The values are expressed as a percentage in relation to the control. * Indicates difference in
comparison to control without the Ut extract (p<0.05).
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Figure 4

Effect of the Ut aqueous extract against the toxicity of PA in C2C12 myoblasts cells. A) The cultures were
pretreated with 250 μg/ml Ut extract, for 2 or 6 h, and then incubated with PA for 24 h. B) Cultures were
pretreated with the 250 μg/ml Ut extract, for 2 or 6 h, washed with PBS and, subsequently, incubated with
PA, for 24 h. Cell viability was assessed using the MTT method. The data are presented as the mean ± SE
of four individual experiments in triplicates and the values are expressed as a percentage, in relation to
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the control with only FFA. * Indicates difference in comparison to control of each group; # indicates the
difference between pretreatment with Ut for 2 or 6 h (p<0.05).

Figure 5

Effect of the Ut aqueous extract against the toxicity of PA in C2C12 myoblasts. Cells were treated with the
250 μg/ml Ut aqueous extract, for 2 or 6 h, and incubated with 100 or 500 μM PA, for 24 h. Cell viability
was assessed by flow cytometry using propidium iodide. 10.000 events were acquired per sample. The
data are presented as the mean ± SE of three individual experiments in duplicates and the values are
expressed as the percentage in relation to the control. * Indicates difference compared to control with
only the FFA; # indicates difference between treatments with Ut extract for 2 or 6 h; ∆ indicates a
difference from the control (cultures incubated with only ethanol) (p<0.05).
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Figure 6

Effect of the Ut aqueous extract on palmitate-induced DNA fragmentation in C2C12 myoblasts. The cells
were treated with the 250 μg/ml Ut extract, for 2 or 6 h, and incubated with 100 or 500 μM PA, for 24 h.
10.000 events were acquired per sample. The data are presented as the mean ± SE of three individual
experiments in duplicates and the values are expressed as the percentage in relation to the control,
according to the number of viable cells in each sample. * Indicates difference in relation to the control
with only the FFA; # indicates the difference between treatments with Ut for 2 or 6 h; ∆ indicates
difference in relation to the cultures incubated with only ethanol (p<0.05).
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Figure 7

Determination of ROS production in C2C12 myoblasts incubated with PA, in the absence or presence of
Ut extract. The samples were evaluated by fluorescence spectroscopy, at λexcitation = 485 nm and λemission

= 528 nm. The ROS formation was measured in fluorescence arbitrary units (FAU) and expressed as the
percentage considering the number of viable cells in each sample, in relation to the control. The data are
presented as the mean ± SE of three individual experiments in triplicates. * Indicates difference in relation
to the control with only the FFA; # indicates difference between treatments with Ut extract for 2 or 6 h; ∆
indicates difference in relation to cultures incubated with only ethanol (p<0.05).
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