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Abstract: Obesity is one of the most
important public health problems and
involves a multifarious process including
environmental and genetic factors. Studies
have shown a close relationship between
a high body mass index (BMI), low-grade
chronic inflammation and oxidative stress in
humans. Natural pigmentsknown asbetalains
have significant antioxidant properties
through the direct elimination of free radicals
and a notable role in the restoration of the
balance of redox processes in the body. This
review reflects the effect of betalains in the
signaling pathways of obesity and associated
diseases as type 2 diabetes mellitus (T2DM)
and dyslipidemia. All studies on animal
models and humans were critically analyzed.
Results discussed here contributed to the fact
that different betalain sources have become
not only the raw material of food colorants
but also therapeutic agents that may play an
important role in a multimodal approach
to treat the negative effects of obesity and
associated comorbidities. A  few-steps
method to prepare a betalain supplement is
also presented in this work.
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OBESITY, CHRONIC
INFLAMMATION AND OXIDATIVE
STRESS

Genetic, environmental, socio-economic
and dietary factors are among the causes
of obesity that negatively affects the health
status increasing the risk of cardiometabolic
diseases, osteoarthritis, dementia, depression
and some types of cancers'. According
to World Health Organization (WHO),
individual’s choice of healthy foods is
one of the most accessible and affordable
measures to prevent obesity’. In a previous
work, we underline the role of betanin in
the industry as a functional food colorant

with antioxidant and anti-inflammatory
properties®>. Other authors have indicated
the potential use of betalains as functional
ingredients that promote health and prevent
diseases**®. In this work, we point out the
effect of betalains in the signaling pathways
related to obesity, insulin resistance, and
dyslipidemia (hypertriglyceridemia, elevated
non-esterified fatty acids, and decreased
high-density lipoprotein cholesterol).
Oxidative stress and inflammation are
involved in the development of obesity.
Oxidative stress is the result of an imbalance
between the production of reactive oxygen/
nitrogen species (ROS/RNS) and the
neutralizing capacity of antioxidant agents
in a living organism. ROS and RNS can be
classified into radicals and non-radicals.
Anion superoxide (O? ), hydroxyl (OH'),
alkoxyradical (RO"), peroxyl radical (ROO"),
nitrogen monoxide (‘NO) and nitrogen
dioxide ("NO?) are examples among radicals.
The non-radical species include hydrogen
peroxide (H,0,), hypochlorous acid (HOCI)
and peroxynitrite (ONOO -) among others”®.
Chronic low-grade inflammation is the
most accepted mechanism to explain insulin
resistance associated with obesity’. However,
oxidative stress has emerged as an inducer of
this pathological condition which arises from
the inability of insulin to act normally in
regulating nutrient metabolism in peripheral
tissues. ROS/RNS are capable of attacking
lipids, nuclear acids and proteins, resulting
in oxidative damage to cells Furukawa et al.
(2004) suggested that obesity may induce
systemic oxidative stress'’. Authors showed
that ROS production was increased in 3T3-
L1 adipocytes and the production of ROS
increased selectively in adipose tissue of
obese mice with an augmented NADPH
oxidase expression and decreased expression
of antioxidative enzymes including
superoxide dismutase (SOD), glutathione
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peroxidase (GPx), and catalase. These results
are in accordance with other studies in the
literature'*'>.  NADPH oxidase complex
is a major source of ROS in various cells.
Furukawa et al. also found that ROS increased
the expression of monocyte chemotactic
protein-1 (MCP-1), a chemoattractant for
monocytes and macrophages in adipocytes.

Obesity (especiallyabdominal obesity) and
insulin resistance are closely and reciprocally
interrelated. These two parameters are the
major causes of the metabolic syndrome
(MS)" and oxidative stress was proposed as a
mediator between obesity and MS'*. Among
the characteristics of the metabolic syndrome
are atherogenic dyslipidaemia and a pro-
inflammatory state, and each of these risk
factors has several components (Fig. 1). The
potential mechanisms of obesity-associated
insulin resistance were reviewed recently'>'¢.
Besides serving as a storage depot for lipid
energy, adipose tissue is a highly active
metabolic and endocrine organ'’. Adipocytes
produce a variety of biologically active
molecules known as adipocytokines. The
dysregulated production of adipocytokines,
including plasminogen activator inhibitor-1
(PAI-1), tumor necrosis factor-alpha (TNFa),
resistin, leptin, and adiponectin, participates
in the pathogenesis of obesity-associated
metabolic syndrome.

Figure 1: Characteristics of the metabolic
syndrome. A-) Elevations in serum triglycerides
(TGs), apolipoprotein B (apo B), small low-density
lipoprotein (LDL) particles, and low levels of high-
density lipoproteins (HDLs). B-) Elevations in pro-
inflammatory cytokines.

During obesity, adipocytes increase
in their size; therefore, adipose tissues
become larger and dysfunctional, recruit
macrophages'® and other immune cells,
promote systemic inflammation and uphold
ectopic fat accumulation. Upon activation,
many immune cells generate free radicals and,
conversely, the synthesis of ROS/RNS species
promotes an inflammatory state. Other
evidences have shown an imbalance in the
ratio of M1/M2 macrophages, with M1 “pro-
inflammatory” macrophages being enhanced
compared with M2 “anti-inflammatory”
macrophages being down-regulated”. In this
scenario, increased cytokine levels released
by M1 macrophages and/or reduced anti-
inflammatory signals from the M2 promote
adipose tissue dysfunction and impairs
glucose tolerance.”

EFFECTS OF BETALAINS IN
OBESITY SIGNALING PATHWAYS

Betalains are natural pigments found in
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approximately 17 families of vegetables of
the Caryophyllales order. Many studies have
shown their significant antioxidant properties
through the direct elimination of free radicals
and in the restoration of the balance of redox
processes in the body. Betanin (betanidin
5-O-B-D-glucoside) is the main component of
red-violet betalains (betacyanins) in beets and
universally permitted as a food ingredient.
Other source of betalains that have gained
attention is pitaya, commonly known as
dragon fruit, because of its economic value but
also its health benefits*'. Pitaya is the source of
a relatively new identified betacyanin called
hylocerenin, but it also contains betanin,
phyllocactin, and their iso-forms*. Oxidative
stress and inflammation are involved in the
development of obesity. Altered circulating
levels of inflammatory cytokines have been
reported in obese adults. TNFa is secreted
in high amounts in adipose tissue of obese
rodents and is a potent negative regulator of
insulin signaling® able to modulate peripheral
insulin action* preventing the propagation of
its signal. In addition, TNFa increases lipolysis
in adipocytes, with consequent increase of
circulating fatty acids®, which can trigger
insulin resistance in various tissues, such as
liver and muscle®.

Another well-known pro-inflammatory
cytokine with increased levels in obese
individuals is interleukin-1p (IL-1p). Collins
et al. (2018) demonstrated a significant
increase in IL-1B level in obese animals
induced by a high-fat and high-sugar diet.
Recently, Dror et al. (2017) showed that a
postprandial rise in glucose leads to acute
elevation of macrophage-derived IL-1pB, which
contributes to postprandial insulin secretion.
Insulin stimulates macrophages to produce
IL-1B via glucose metabolism, subsequent
mitochondrial ROS production reinforces
a pro-inflammatory state’. Altogether, IL-
1B and insulin, a key hormone in glucose

metabolism, promote each other. Interleukin-6
(IL-6) also plays an important role in insulin
resistance in human and, furthermore, it may
act in concert with other cytokines that also
are up-regulated in adipose cells in insulin
resistance”. Human adipose tissue is a major
site of IL-6 secretion®, whose concentration
levels have been correlated with risk for
developing type 2 diabetes irrespective of the
amount of body fat®’.

Zielinska-Przyjemska et al.  (2009)
investigated the ability of red beetroot juice
and chips to protect in vitro neutrophils from
obese and non-obese individuals against
oxidative = damage®”.  Polymorphonuclear
neutrophils (PMN) are the most abundant
circulating immune cells and represent
the first line of immune defense against
infection. Neutrophils are among the cells
responsible for the excessive production of
reactive oxygen species observed in obesity™.
Despite the absence of isolated betalains,
authors observed that neutrophils from
obese individuals had a significantly higher
ROS production compared with the controls
and beetroot products inhibited neutrophil
oxidative metabolism in a concentration-
dependent manner®. Several studies have
shown that betalains prevent biological
molecules oxidation. Betanin scavenged
hypochlorous acid (HOCI) produced by
human neutrophils** and partly prevented
DNA damage in cultured HT-29 cells treated
with H,O,*. In other study, betanin attached to
LDL particles and showed be highly effective
in preventing copper-induced lipid oxidation,
likely due to its lipoperoxyl radical-scavenger
effect’.

Other results underline that betanin
inhibits the production oflipid hydroperoxides
in human LDL submitted to MPO/nitrite-
induced oxidation protecting them from
oxidative damage®”. As the betalains are
cationized compounds, their affinity for
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membranes is improved by binding to the
polar head of fatty acids or polar residues
of apo B-100°%%, a great beneficial attribute
for antioxidants. High oxidized LDL (ox-
LDL) levels are also associated with insulin
resistance®, which is tightly linked to the
pathogenesis of metabolic syndrome®.
Electron spin resonance spectroscopy
(ESR) combined with spin trapping showed
that betanin was able to dose-dependently
scavenged DPPH- >  galvinoxyl- >
superoxide- > and hydroxyl-free radicals®.
Ahmadi et al. (2020) showed that betanin
(500 uM) attenuates neuroinflammatory
effects decreasing the production of ROS,
reactive nitrogen species, TNF-a, IL-1p, and
IL-6 on LPS (lipopolysaccharide)-activated
microglial cells in vitro*. In this scenario,
there are increasing evidences that betalain
supplementation may play an important role
alone or associated with other antioxidantsina
multimodal approach along with diet changes
and exercise to treat the negative effects of
obesity and associated comorbidities*.

In accordance with results above, Song
et al. (2016) observed that dietary of pitaya
peel betacyanins (PPBNs) significantly
reduced diet-induced body weight gain and
ameliorated adipose tissue hypertrophy,
hepatic  steatosis, glucose intolerance,
and insulin resistance of male C57BL/6]
mice®”. Authors observed that the body
weight gain started to significantly decrease
after 1 week in high-fat diet mice fed with
supplementation of betacyanins (50, 100,
and 200 mg of PPBNs /kg were tested).
A significant decrease of serum levels of
triglyceride (TG), total cholesterol (TC), and
low-density lipoprotein cholesterol (LDL-C)
were also observed and histological analysis
of liver demonstrated that administration
of PPBNs effectively attenuated hepatic
lipid accumulation in obese mice. Song et
al. identified a total of 14 betacyanins in

pitaya peel, including betanin, isobetanin,
phyllocactin, and isophyllocactin, however,
the authors do not know if all of them were
the bioactive agents®. Khalili et al. (2009)
have also observed the decrease of plasma
TG, TC, and LDL-C levels and increase
of high-density lipoprotein cholesterol
(HDL-C) level in high-fat diet rats fed with
red pitaya supplementation*. In this study,
red pitaya was blended, homogenized, frozen
at -80° C for two days, and freeze-dried for 3
days. The supplementation used in this study
were 0.5%, 0.83%, and 1.17% red pitaya per
daily diet (30 g) per day.

Betalain (betanin) lipid profile modulation
was also investigated by Yahaghi et al. (2020)
in a nonalcoholic steatohepatitis (NASH)
model. Levels of HDL-C considerably
increased and TG, TL (total lipid), LDL-C
as well VLDL (very low-density lipoprotein)
significantly lowered in mice that received
a high-fat regime (HFR) for 4 weeks and
shifted to a normal rodent diet with 5, 10
and 20 mg/kg doses of betanin by intra-
peritoneum injection for 3 weeks®*. At the
highest dose wused, betanin significantly
increased adiponectin and decreased
leptin as well. This study is a rare case
where betanin was administered by intra-
peritoneum injection. However, conflicting
results were observed by Lugo-Radillo et
al. (2020) wherein the consumption of
isolated betanin from fresh red-purple pitaya
fruits (Hylocereus ocamponis) produced
no significant differences in body weight,
increased blood serum total cholesterol levels
(TC), and showed no relevant variations
in TG and HDL-C levels in mice fed a
high-fat diet*. Authors, by the other hand,
showed that betanin significantly reduced
epididymal fat pad weight and inhibited the
inflammatory infiltration of the liver and the
necrosis of hepatocytes in the steatosis and
inflammatory infiltration of liver produced

-



Biological Effect

Betalains Source

Model

Reference

Red beetroot juice Zielinska-
Neutrophil oxidative metabolism | o) Human neutrophils Przyjemska et al.
and chips
(2009)
. . Human
HOCI | Betanin from.prlckly myeloperoxidase ALLEGRA, M. et al.
pear fruits (MPO) (2005)
Commercial red beet ESATBEYOGLU, T.
DNA damage | extract HT-29 cells et al. (2014)
Copper-induced lipid oxidation | Betalains from Human LDL TESORIERE, L. et al.
PP b prickly pear fruits particles (2003)
LDL oxidation | Betanin from cactus Human LDL ALLEGRA, M. et al.
pear fruits particles (2007)

ROS |, RNS |, TNF-a |, IL-1B |,

Betanin from red

Rat microglia cells

AHMADI, H. et al.

Hey |

from red beetroot

IL-6 | beetroots (2020)
Body weight gain |, TG |, TC |, .
A ! Pitaya peel . SONG, H. et al.
LDL-C |, hepatic lipid accumulation betacyanins Mice (2016)
. KHALILL R. M. A.
TG |, TC |, LDL-C |, HDL-C | Red pitaya Rat et al. (2009)
HDL-C |, TG |, TL |, LDL-C |, Betanin Mice YAHAGHL, L. et al.
VLDL |, leptin |, adiponectin |, (2020)
. . Betanin from red . Lugo-Radillo et al.
Epididymal fat pad weight|, TC | pitaya Mice (2020)
NF-«B |, TC |, TG |, LDL-C |, . . Abedimanesh et al.
HDL-C | Commercial betanin Rat (2021)
Glucose |, TG |, TC |, LDL-C |, | Betalain-rich extracts Human Rahimi et al. (2019)

* Hypochlorous acid (HOCI), triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol

(LDL-C), total lipid (TL), very low-density lipoprotein (VLDL), homocysteine (Hcy).

TABLE 1: In vivo/in vitro effects observed from different sources of betalains in biological models.




1-) The beet roots are grinded with ethanol (enough 2-) Another amount of ethanol is added to the liquid phase
for grinding) for 10 min and the liquid phase is (1:%, v/v) and stirred for 20 min (120 rpm). A black solid
separated using nylon fabric (25 um). dispersed in the liquid phase is observed in this step.

The black solid isolated in the
filter paper.

3-) A vacuum filtration is used to separate

4-) A third t of ethanol i
the black solid in the liquid phase. ) frd amount of ethanot 1s

added to the liquid phase (1:4, v/v)
and stirred for 40 min (90 rpm).




A red solid (beet colorant) dispersed in the liquid phase is observed after step 4.

5-) The liquid phase is -easily
poured after the precipitation of red

colorant.

6-) Beet colorant is dried
under vacuum until

constant weigh.

Beet colorant dried.

7-) Beet colorant grinded.

Figure 2: Production of beet colorant via precipitation with anhydrous ethanol®.




in mice chronically fed a high-fat diet.
Neither inflammatory infiltrate nor necrotic
hepatocytes were found in livers from the
betanin group. All key results from the studies
mentioned are presented in Table 1.

Other potential targets for the development
of therapies to prevent and reduce the
incidence of metabolic disease complications
are adenosine 5'-monophosphate-activated
protein kinase (AMPK) and sirtuin-1 (SIRT1).
Studies have shown that the activation of
AMPK signaling suppresses the expression
of the nuclear factor-kappa B (NF-xB) by
increasing the expression of SIRT1*. NF-xB
acts on genes for pro-inflammatory cytokines,
chemokines, immunoreceptors, and adhesion
molecules. Several research groups have
explored the modulation action of new
bioactive compounds on the transcription
factor NF-«B in the control of inflammatory
process®. The effect of betanin on AMPK,
SIRT1, and NF-«xB gene expression by real-
time PCR in the whole blood and liver of
the diabetic rats was recently investigated
by Abedimanesh et al. (2021)*. Authors
used commercial betanin purchased from
TCI (Japan) and their findings reveled
the antidiabetic, antihyperlipidemic, and
hepatoprotective properties related to this
betacyanin. The results demonstrated that
treatment of diabetic rats with betanin (10 and
20 mg/kg.b.w/day) significantly upregulated
the mRNA expression of AMPK and SIRT1
and downregulated the expression of NF-
kB in comparison with diabetic control rats.
Furthermore, the effect of betanin on serum
lipid profile was in accordance with other
studies described above. Betanin significantly
lowered TC levels at the dose of 20 mg/kg
and LDL-C and TG at the doses of 10 and 20
mg/kg as well increase HDL-C serum levels
compared to the diabetic control rats.

Despite their beneficial biological effects,
betalain supplements are commercially rare.

In this scenario, a method that precipitates
betalains using anhydrous ethanol brings
a new option for supplement industries®
Fig. 2 illustrates the steps involved in the
production of beet colorant via precipitation
with ethano'. Products obtained from this
method show 6% (m/m) betalain content, are
nitrate free, and have shown significative anti-
inflammatory and analgesic properties®2.

Regarding biological effects of betalains
observed in clinical trials, Rahimi et al.
(2019) highlighted protective effects in
individuals with coronary artery disease
(CAD), Table 1. This study indicated that
consumption of betalain-/betacyanin-rich
extracts significantly reduced homocysteine
(Hcy) concentration in CAD patients.
Elevated levels of homocysteine can induce
the ROS formation and inflammation?.

CONCLUSION

Obesity represents a major health
challenge. Results discussed here reinforce
betalains as functional ingredients since
they show a large variety of effects aligned
on the improvement of lipid profile, inhibit
neutrophil oxidative metabolism, prevent
biological molecules oxidation as observed
in LDL particles, decrease the production of
ROS, reactive nitrogen species, TNF-a, IL-
1B, and IL-6, and reduce diet-induced body
weight gain and ameliorated adipose tissue
hypertrophy. Even though the majority of
these studies have been performed with
extracts, there are a significant proof of the
extraordinary potential of these compounds.
More research is needed to ensure the efficacy
of betalains working alone or associated
with other antioxidants and with current
pharmacotherapy in preventing/ reverting
associated comorbidities of obesity.

-



REFERENCES
1. BLUHER, M. Obesity: global epidemiology and pathogenesis. Nat Rev Endocrinol 2019, 15, 288-298.

2. World Health Organization (WHO). Obesity and overweight. Available: https://www.who.int/mediacentre/factsheets/ fs311/
en/. Accessed 25 March 2022.

3. SASSONIA, R. C. Betanin, more than a food colorant. International Journal of Health Science 2021, 1, 2, 1-9.

4. MARTINEZ-RODRIGUEZ, P; GUERRERO-RUBIO, M. A.; HENAREJOS-ESCUDERO, P; GARCIA-CARMONA, F;
GANDIA-HERRERQO, F. (in press) Health-promoting potential of betalains in vivo and their relevance as functional ingredients:
A review. Trends in Food Science & Technology, 2022.

5. CLIFFORD, T., HOWATSON, G., WEST, D. J., STEVENSON, E. J. The potential benefits of red beetroot supplementation in
health and disease. Nutrients 2015, 7, 2801-22.

6. RAHIMI, P; ABEDIMANESH, S.; MESBAH-NAMIN, S. A.; OSTADRAHIMI, A. Betalains, the nature-inspired pigments, in
health and diseases, Critical Reviews in Food Science and Nutrition 2019, 59:18, 2949-2978.

7. PHANIENDRA A, JESTADI DB, PERIYASAMY L. Free radicals: properties, sources, targets, and their implication in various
diseases. Indian J Clin Biochem. 2015, 30, 11-26.

8. HALLIWELL, B. Free Radicals and other reactive species in disease. Nature Encyclopedia of life sciences. 2001; 1-7.

9. XU, H. et al. Chronic inflammation in fat plays a crucial role in the development of obesity-related insulin resistance. The
Journal of Clinical Investigation 2003, 112, 12, 1821-1830.

10. FURUKAWA, S.; FUJITA, T.; SHIMABUKURO, M.; IWAKI, M.; YAMADA, Y.; NAKAJIMA, Y; NAKAYAMA, O;
MAKISHIMA, M.; MATSUDA, M.; SHIMOMURA, I. Increased oxidative stress in obesity and its impact on metabolic
syndrome. J Clin Invest. 2004, 114, 1752-61.

11. DEVALLANCE, E; LI, Y,; JURCZAK, M. J.; CIFUENTES-PAGANO, E.; PAGANO, P. J. The Role of NADPH Oxidases in
the Etiology of Obesity and Metabolic Syndrome: Contribution of Individual Isoforms and Cell Biology. Antioxid Redox Signal.
2019, 31, 10, 687-709.

12. DEN HARTIGH, L. J.; OMER, M.; GOODSPEED, L.; WANG, S.; WIETECHA, T.; O'BRIEN, K. D.; HAN, C. Y. Adipocyte-

specific deficiency of NADPH oxidase 4 delays the onset of insulin resistance and attenuates adipose tissue inflammation in
obesity. Arterioscler Thromb Vasc Biol 2017, 37, 466-475.

13. GRUNDY, S. M. Drug therapy of the metabolic syndrome: minimizing the emerging crisis in polypharmacy. Nat Rev Drug
Discov. 2006, 5, 295-309.

14. MATSUDA, M.; SHIMOMURA, I. Increased oxidative stress in obesity: implications for metabolic syndrome, diabetes,
hypertension, dyslipidemia, atherosclerosis, and cancer. Obes Res Clin Pract 2013, 7:¢330-e341.

15. ROHM, T. V,; MEIER, D. T.; OLEFSKY, J. M.; DONATH, M. Y. Inflammation in obesity, diabetes, and related disorders.
Immunity. 2022, 11, 55, 31-55.

16. AHMED, B.; SULTANA, R.; GREENE, M. W. Adipose tissue and insulin resistance in obese. Biomed Pharmacother. 2021;
137,111315.

17. KERSHAW, E. E; FLIER, J. S. Adipose tissue as an endocrine organ. ] Clin Endocrinol Metab. 2004; 89, 6, 2548-56.

18. WEISBERG, S. P; MCCANN, D.; DESAIL M.; ROSENBAUM, M.; LEIBEL, R. L.; FERRANTE, A. W. JR. Obesity is associated
with macrophage accumulation in adipose tissue. ] Clin Invest. 2003; 112, 1796-808.

19. KRAAKMAN, M. J; MURPHY, A. J.; JANDELEIT-DAHM, K.; KAMMOUN H. L. Macrophage polarization in obesity and
type 2 diabetes: weighing down our understanding of macrophage function? Front. Immunol. 2014, 5, 470.

20. KAMMOUN, H. L; KRAAKMAN, M. J; FEBBRAIO, M. A. Adipose tissue inflammation in glucose metabolism. Rev
Endocr Metab Disord 2014, 15, 31-44.




21. Wybraniec, S.; Mizrahi, Y. Fruit flesh betacyanin pigments in Hylocereus cacti. J. Agric. Food Chem. 2002, 50, 6086—6089.

22. WYBRANIEG, S.; PLATZNER, I.; GERESH, S.; GOTTLIEB, H. E; HAIMBERG, M.; MOGILNITZKI, M.; MIZRAHI, Y.
Betacyanins from vine cactus Hylocereus polyrhizus. Phytochemistry 2001, 58, 1209-1212.

23. HOTAMISLIGIL, G. S.; SHARGILL, N. S.; SPIEGELMAN, B. M. Adipose expression of tumor necrosis factor-alpha: direct
role in obesity-linked insulin resistance. Science 1993, 259, 5091, 87-91.

24. WENSVEEN, E M. et al. Interactions between adipose tissue and the immune system in health and malnutrition. Seminars
in Immunology 2015, 27,5, 322-333.

25. NAKAMURA, K.; FUSTER, J. J; WALSH, K. Adipokines: A link between obesity and cardiovascular disease. Journal of
Cardiology 2014, 63, 4, 250-259.

26. ZHANG, X. et al. Selective inactivation of c-Jun NH2-Terminal kinase in adipose tissue protects against diet induced obesity
and improves insulin sensitivity in both liver and skeletal muscle in mice. Diabetes 2011, 60, 2, 486-495.

27. COLLINS, K. H.; HART, D. A.; SEERATTAN, R. A,; REIMER, R. A;; HERZOG, W. High-fat/high-sucrose diet-induced
obesity results in joint-specific development of osteoarthritis-like degeneration in a rat model. Bone & Joint Research 2018, 7,
4,274-281.

28.DROR, E. et al. Postprandial macrophage-derived IL-1p stimulates insulin, and both synergistically promote glucose disposal
and inflammation. Nature Immunology 2017, 18, 3, 283-292.

29. ROTTER, V; NAGAEYV, L; SMITH, U. Interleukin-6 (IL-6) induces insulin resistance in 3T3-L1 adipocytes and is, like
IL-8 and tumor necrosis factor-alpha, overexpressed in human fat cells from insulin-resistant subjects. ] Biol Chem 2003, 278,
45777-84.

30. MOHAMED-ALL V.; GOODRICK, S.; RAWESH, A.; KATZ, D. R.; MILES, J. M.; YUDKIN, J. S.; KLEIN, S.; COPPACK, S.
W. Subcutaneous adipose tissue releases interleukin-6, but not tumor necrosis factor-alpha, in vivo. J Clin Endocrinol Metab.
1997, 82, 12, 4196-200.

31. PRADHAN, A. D.; MANSON, J. E; RIFAL N.; BURING, J. E.; RIDKER, P. M. C-reactive protein, interleukin 6, and risk of
developing type 2 diabetes mellitus. JAMA 2001, 286, 3, 327-34.

32. ZIELINSKA-PRZYJEMSKA, M.; OLEJNIK, A.; DOBROWOLSKA-ZACHWIEJA, A.; GRAJEK, W. In vitro effects of beetroot
juice and chips on oxidative metabolism and apoptosis in neutrophils from obese individuals. Phytother Res. 2009, 23, 1, 49-55.

33. BROTFAIN, E; HADAD, N.; SHAPIRA, Y.; AVINOAH, E.; ZLOTNIK, A.; RAICHEL, L.; LEVY, R. Neutrophil functions in
morbidly obese subjects. Clin Exp Immunol. 2015, 181, 156-63.

34. ALLEGRA, M.; FURTMULLER, P. G.; JANTSCHKO, W.; ZEDERBAUER, M.; TESORIERE, L.; LIVREA, M. A.; OBINGER,
C. Mechanism of interaction of betanin and indicaxanthin with human myeloperoxidase and hypochlorous acid. Biochem
Biophys Res Commun. 2005, 332, 837-44.

35. ESATBEYOGLU, T.; WAGNER, A. E.; MOTAFAKKERAZAD, R.; NAKAJIMA, Y.; MATSUGO, S.; GERALD RIMBACH, G.
Free radical scavenging and antioxidant activity of betanin: Electron spin resonance spectroscopy studies and studies in cultured
cells. Food Chem. Toxicol. 2014, 73, 119-126.

36. TESORIERE, L.; BUTERA, D.; DARPA D, et al. Increased resistance to oxidation of betalain-enriched human low-density
lipoproteins. Free Radic Res 2003, 37, 689-96.

37. ALLEGRA, M.; TESORIERE, L.; LIVREA, M. A. Betanin inhibits the myeloperoxidase/nitrite-induced oxidation of human
low-density lipoproteins. Free Radical Research 2007, 41, 335-41.

38. KANNER, J.; HAREL, S.; GRANIT, R. Betalains--a new class of dietary cationized antioxidants. J. Agric. Food Chem. 2001,
49, 5178-85.

39. LINNA, M. S.; AHOTUPA, M.; KUKKONEN-HARJULA, K.; FOGELHOLM, M.; VASANKARI, T. J. Co-existence of insulin
resistance and high concentrations of circulating oxidized LDL lipids. Ann Med 2015, 47, 394-398.




40.. LACLAUSTRA, M.; CORELLA, D.; ORDOVAS, J. M. Metabolic syndrome pathophysiology: the role of adipose tissue. Nutr
Metab Cardiovasc Dis 2007, 17, 125-139.

41. AHMADI, H; NAYERI, Z.; MINUCHEHR, Z.; SABOUNI, E; MOHAMMADI, M. Betanin purification from red beeetroots
and evaluation of its anti-oxidant and anti-inflammatory activity on LPS-activated microglial cells. PLoS ONE 2020, 15, 5,
e0233088.

42. TUN, S.; SPAINHOWER, C. ]J.; COTTRILL, C. L; LAKHANI, H. V;; PILLAL S. S.; DILIP, A.; CHAUDHRY, H.; SHAPIRO,
J. 1; SODHI, K. Therapeutic Efficacy of Antioxidants in Ameliorating Obesity Phenotype and Associated Comorbidities. Front
Pharmacol. 2020; 11, 1234.

43.SONG, H,; CHU, Q.; XU, D.; XU, Y.; ZHENG, X. Purified Betacyanins from Hylocereus undatus Peel Ameliorate Obesity and
Insulin Resistance in High-Fat-Diet-Fed Mice. ] Agric Food Chem. 2016 Jan 13;64(1):236-44.

44. KHALILIL, R. M. A; NORHAYATI, A. H; ROKIAH, M. Y; ASMAH, R; MUSKINAH, M. S; MANAE A. A.
Hypocholesterolemic effect of red pitaya (Hylocereus sp.) on hypercholesterolemia induced rats. Int. Food Res. J. 2009, 16,
431-440.

45. YAHAGHLI, L.; YAGHMAEI, P; HAYATI-ROODBARI, N; IRANI, S.; EBRAHIM-HABIBI A. Betanin effect on PPAR-a and
SREBP-1c expression in NMRI mice model of steatohepatitis with fibrosis. Physiol. Int. 2020, 107, 67-81.

46. LUGO-RADILLO, A.; DELGADO-ENCISO, 1; RODRIGUEZ-HERNANDEZ, A.; PENA-BELTRAN, E.; MARTINEZ-
MARTINEZ, R.; GALVAN-SALAZAR, H. “Inhibitory Effect of Betanin from Hylocereus Ocamponis against steatohepatitis in
mice fed a high-fat diet” Natural Product Communications 2020. https://doi.org/10.1177/1934578X20932013.

47. YANG, H.; ZHANG, W;; PAN, H,; FELDSER, H. G.; LAINEZ, E; MILLER, C.; LEUNG, S.; ZHONG, Z.; ZHAO, H;
SWEITZER, S. SIRT1 activators suppress inflammatory responses through promotion of p65 deacetylation and inhibition of
NF-«B activity. PLoS ONE 2012, 7:e46364.

48. BAKER, R. G.; HAYDEN, M. S.; GHOSH, S. NF-kB, inflammation, and metabolic disease. Cell Metab. 2011, 13, 1, 11-22.

49. ABEDIMANESH, N.; ASGHARI S.; MOHAMMADNEJAD, K. et al. The anti-diabetic effects of betanin in streptozotocin-
induced diabetic rats through modulating AMPK/SIRT 1/NF-kB signaling pathway. Nutr Metab (Lond) 2021, 18, 92.

50. CAMAS, E. M., MATOS, S.C. G., SASSONIA, R. C. Production process of beet colorant. 1998, Brazil. Patent: Innovation
Privilege. Registration number: P198021486, title: “Production process of beet colorant”, Registration institution: INPI - National
Institute of Industrial Property. Deposit: 03/06/1998; Concession: 06/05/2008.

51. MARTINEZ, R. M.; LONGHI-BALBINOT, D. T,; ZARPELON, A. C; STAURENGO-FERRARI, L.; BARACAT, M. M,;
GEORGETTIL S. R.; SASSONIA, R. C; VERRI, W. A. JR; CASAGRANDE, R. Anti-inflammatory activity of betalain-rich dye
of Beta vulgaris: effect on edema, leukocyte recruitment, superoxide anion and cytokine production. Arch Pharm Res. 2015, 38,
4, 494-504.

52. MARTINEZ, R. M.; HOHMANN, M. S.; LONGHI-BALBINOT, D. T.; ZARPELON, A. C.; BARACAT, M, M.; GEORGETTI,
S. R, VINCENTIAN, E T. M. C., SASSONIA, R. C,, VERRI, W. A. JR, CASAGRANDE, R. Analgesic activity and mechanism
of action of a Beta vulgaris enriched colorant in betalains in inflammatory models in mice. Inflammopharmacology 2020, 28,
6, 1663-1675.

53. WELCH, G. N.; LOSCALZO, J. Homocysteine and atherothrombosis, N. Engl. J. Med. 1998, 338, 1042-1050




