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hy percholesterolemia model

Efeito hipolipemiante do extrato de canela (Cinnamomum
zeylanicum) em um modelo de hipercolesterolemia

Abstract

Introduction: Hypercholesterolemia is the main risk factor for the formation of
atheromatous plaques in the arteries and is an important risk factor for the
development of Alzheimer's disease. Among the plants that have been the
subject of various pharmacological studies, cinnamon (Cinnamomum
zeylanicum) stands out as having natural therapeutic potential. Objective: To
the
hypercholesterolemia using mice. Methods: This study used young male
C57BJ6 mice (90 days old) with and without hypercholesterolemia caused by
a genetic deficiency in LDL receptors. The animals were given cinnamon
extract or vehicle for 30 days. After treatment, blood levels of total cholesterol,
LDL, HDL, oxidized LDL and triglycerides were assessed. In addition, markers
of oxidative stress in the blood were analyzed, such as total antioxidant
capacity (TRAP), levels of reduced glutathione (GSH) and reactive oxygen
species (ROS), as well as cytokines related to inflammation in the
hippocampus (tumor necrosis factor-a and interleukins 1-3, 6 and 10). Results:
Mice deficient in the LDL receptor showed increased levels of total
cholesterol, LDL, oxidized LDL and triglycerides, as well as reduced HDL.
Treatment with cinnamon extract normalized these biochemical parameters,
protected against oxidative damage and reduced the production of pro-
inflammatory cytokines, increasing anti-inflammatory cytokines in the
hippocampus. Conclusion: Cinnamomum zeylanicum extract showed beneficial
effects in the treatment of hypercholesterolemia and may be useful as a

preventive or adjuvant therapy.

investigate effects of cinnamon extract in a model of

Keywords: Herbal medicine. Cholesterol. Oxidative stress. Inflammation.

Resumo

Introdugdo: A hipercolesterolemia constitui o principal fator de risco para a
formacgdo de placas ateromatosas nas artérias e € um importante fator de
risco para o desenvolvimento da doenca de Alzheimer. Dentre as plantas que
tém sido alvo de diversos estudos farmacoldgicos, a canela (CGinnamomum
zeylanicum) desponta como detentora de um potencial terapéutico natural.
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Objetivo: Investigar os efeitos do extrato de canela em um modelo de
hipercolesterolemia utilizando camundongos. Métodos: Para o presente
estudo, foram utilizados camundongos da linhagem C57BJ6, machos jovens
(90 dias de idade), com e sem hipercolesterolemia causada por deficiéncia
genética nos receptores de LDL. Os animais receberam, durante 30 dias,
extrato de canela ou veiculo. Apds o tratamento, foram avaliados os niveis
sanguineos de colesterol total, LDL, HDL, LDL oxidada e triglicerideos. Além
disso, foram analisados marcadores de estresse oxidativo no sangue, como
capacidade antioxidante total (TRAP), niveis de glutationa (GSH) reduzida e
espécies reativas de oxigénio (ROS), além de citocinas relacionadas com
inflamagdo no hipocampo (fator de necrose tumoral-a e interleucinas 1-3, 6
e 10). Resultados: Os camundongos com deficiéncia no receptor de LDL
apresentaram aumento dos niveis de colesterol total, LDL, LDL oxidada e
triglicerideos, além de redu¢do do HDL. O tratamento com extrato de canela
normalizou esses parametros bioquimicos, protegeu contra danos oxidativos
e reduziu a produgdo de citocinas pro-inflamatdrias, aumentando as citocinas
anti-inflamatdrias no hipocampo. Conclusdo: O extrato de Cinnamomum
zeylanicum  demonstrou  efeitos  benéficos no  tratamento  da
hipercolesterolemia e pode ser Util como terapia preventiva ou adjuvante.

Palavras-chave: Fitoterapico. Colesterol. Estresse Oxidativo. Inflamacdo.
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INTRODUCAO

Cardiovascular diseases (CVD), such as stroke and myocardial infarction, are currently the leading cause
of death in Western countries.' They originate mainly from complications of atherosclerosis, a syndrome
characterized by the accumulation of lipids and inflammatory cells in the inner walls of arteries and arterioles,
causing a reduction in blood perfusion to vital organs.? Although hypercholesterolemia has traditionally been
considered one of the main causes of atherogenesis, it has been widely demonstrated that inflammation and
oxidative stress also play key roles in both the progression of atherosclerosis and the formation of vulnerable
plaques.*

Excessive calorie and fat intake is associated with metabolic syndrome changes in lipid and glucose
metabolism. High-fat diets, especially those rich in saturated fatty acids, stimulate adipose tissue to produce
cytokines, which characterize subclinical inflammation, and also increase the storage of triglycerides in
adipocytes.”When storage is saturated by excess nutrients, there is a systemic release of free fatty acids and
more inflammatory cytokines, which can damage peripheral tissues such as skeletal muscle, liver, heart and
pancreas, causing peripheral lipotoxicity, which is an important mechanism for the emergence of insulin
resistance.®

For hypercholesterolemia, it is recommended to reduce the intake of foods rich in cholesterol and
saturated fatty acids. This means restricting the consumption of animal fats such as red meat, whole milk and
its derivatives, butter, egg yolks, sausages, animal skin and offal, seafood, creamy ice cream, palm oil and
coconut oil. The consumption of soluble fibers represented by pectin (fruits) and gums (legumes, oats and
barley) act by delaying gastric emptying and increasing intestinal transit time, slowing down the absorption
of glucose, delaying the hydrolysis of starch and reducing the concentrations of total cholesterol and LDL-c,
so consumption should be encouraged.”®

Mice with gene deletion for low-density lipoprotein receptors (LDLr") are a model of human familial
hypercholesterolemia. These animals show hypercholesterolemia, characterized by increased levels of LDL-
cholesterol, even when submitted to a standard diet, and may develop atherosclerotic lesions in the long
term. Due to the absence of LDL receptors, LDL remains free in the circulation for longer, causing blood
cholesterol levels to rise to twice the normal level.? These knockout animals have been widely used to study
the biological mechanisms underlying cardiovascular diseases, as well as to study substances with potential
therapeutic effects. In this sense, the search for drugs that can act in the prevention and treatment of factors
associated with hypercholesterolemia is a challenge for the pharmaceutical industry and government health
agencies.’

Even with the development of synthetic drugs, medicinal plants remain an alternative form of treatment
in various parts of the world, and in recent decades there has been an increase in the use of herbal
preparations for therapeutic purposes.’® Among the plants that have been the subject of various
pharmacological studies, Cinnamomum zeylanicum stands out as having therapeutic potential. It is popularly
known as cinnamon and is one of the best-known spices used in Portuguese cuisine and in other parts of
the world to add flavor, aroma and color to foods and drinks."" In addition to its organoleptic characteristics,
the polyphenols found in cinnamon may lead to improvements in the components of metabolic syndrome
(MS) and a reduction in the risk of factors associated with diabetes and cardiovascular disease. Animal and
human studies involving individuals with MetS, type 2 diabetes mellitus (DM) and polycystic ovary syndrome
have demonstrated beneficial effects using cinnamon and agueous extracts of cinnamon with regard to
biochemical parameters such as glucose, insulin, lipids and antioxidants, as well as effects on lean body mass
and inflammatory response.'?
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Epidemiological and experimental evidence supports the association between alterations in cholesterol
metabolism and the onset of cognitive impairment and dementia. Many of the classic vascular risk factors,
including hypertension, diabetes mellitus and, in particular, hypercholesteroclemia, are also considered risk
factors for neurodegenerative diseases, especially Alzheimer's disease.’”® However, the molecular
mechanisms by which cholesterol levels contribute to the pathophysiology of neurodegenerative diseases
have yet to be fully elucidated. Furthermore, as far as we know, there is no data in the literature on the
therapeutic effect of Cinnamomum zeylanicum in a transgenic model of hypercholesterolemic mice.

Therefore, the aim of this study was to investigate the therapeutic effects of cinnamon extract on
biochemical and neurochemical parameters in a mouse model of hypercholesterolemia.

METHODS

Wild-type male C57BJ6 mice (90 days old) with gene deletion for low-density lipoprotein receptors
(LDLr") weighing between 40-50g were used. The animals were kept in polypropylene boxes under controlled
conditions, with a 12-hour light/dark cycle and temperature (22 + 2°C). The experiments were conducted in
accordance with the principles and procedures described by the Brazilian College of Animal Experimentation
(COBEA).

Cinnamon extract (CE) was prepared using dehydrated cinnamon bark (Cinnamomum zeylanicum)
obtained from Santos Flora Comércio de Ervas Ltda, Sdo Paulo-SP, duly identified and packaged. The
dehydrated barks were ground and then the ethanolic extract was prepared, as indicated in the Brazilian
Homeopathic Pharmacopoeia (1997). The reagents for determining biochemical parameters were obtained
from Labtest Ltda. (Brazil) and the ELISA kits for determining inflammatory parameters were obtained from
R&D Systems (Minneapolis, MN, USA).

Thirty-six mice were used for all the experiments proposed in this study. The animals were randomly
divided into six groups (n= 6/group), three corresponding to the wild-type group and three to the LDLr"
group: (1) Wild-type/control group; (2) Wild-type/ethanol group; (3) Wild-type/CE group; (4) LDLr"/control
group; (5) LDLr"/ethanol group; (6) LDLr"/CE group.The mice were given pure water (control groups),
cinnamon ethanolic extract (CE groups) or 70% ethanol vehicle (ethanol group) in their drinking water at a
concentration of 4.5 ml/kg/body weight/day for 30 days. The amount of EC was based on the study by
Hagenlocher et al."*and corresponds to 0.8g of cinnamomum bark/kg body weight. The extract was prepared
weekly, bottles were changed and the extract intake was monitored. 24 hours after the end of the 30-day
treatment with cinnamon extract or vehicle, all the animals were euthanized with an injection of pentobarbital
(180mg/kg, intraperitoneally) and the blood and hippocampus were removed for biochemical
determinations.

The hippocampus was homogenized in 10Mm Tric-HCl (pH 7.4). The homogenate was centrifuged at
2,400g for 15 minutes at 4°C and the supernatant fraction (S1) was used for neurochemical assays. Blood
samples were collected by cardiac puncture from the anesthetized animals, using heparin as an
anticoagulant, and the plasma was separated by centrifugation (2,400g for 15 minutes).

The biochemical parameters total cholesterol, HDL cholesterol (high density lipoprotein), LDL (low
density lipoprotein), LDLox (oxidized LDL), triglycerides, total lipids and VLDL (very low density lipoprotein)
were analyzed spectrophotometrically using standardized diagnostic kits (Labtest®).The total antioxidant
capacity (TRAP) of hippocampal tissue was measured according to the method of Lissi et al.” The total
antioxidant reactivity (TAR) of the hippocampus was determined by measuring the luminol
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chemiluminescence intensity induced by 2,2'azo-bis-(2-amidinopropane) (ABAP) at room temperature.'® The
levels of reactive oxygen species (ROS) in the hippocampus were determined by a spectro-fluorimetric
method using the DCHF-DA assay."’

Glutathione (GSH) levels in the hippocampus were determined fluorometrically according to Hissin &
Hilf."® Levels of tumor necrosis factor-alpha (TNF-a), interleukin 1-beta (IL-1B), interleukin-6 (IL-6) and
interleukin-10 (IL-10) were analyzed in the hippocampus using Rat Cytokine Duo Set ELISA kits from R&D
Systems (Minneapolis, MN, USA), according to the manufacturer's instructions (protein range 31.25-2,000pg).

Results were presented as mean and standard error of the mean. Comparisons between groups were
analyzed using one-way ANOVA, followed by the Newman-Keuls post hoc test. A value of p<0.05 was
considered significant. All tests were carried out using Graph Pad Prism 5.0 software.

RESULTS

Triglyceride levels were elevated in the control (250.3 + 22.7), ethanol (236.6 + 26.6) and CE (207 + 15.0)
groups of the LDLr” strain, compared to the control (101.1 + 9.1), ethanol (98.5 + 8.3) and CE (91.0 + 6.0)
groups of the wild-type strain, respectively. However, the LDLr" CE group (207 + 15.0) showed lower
triglyceride levels compared to the control group (250.3 + 22.7) of the same strain (Figure 1A).

With regard to total cholesterol levels, the LDLr" animals in the control (312.1 + 19.0), ethanol (260 +
19.3) and CE (179.3 + 23.7) groups showed higher levels of this marker compared to the control (50.3 + 9.2),
ethanol (49.8 + 7.2) and CE (49.8 + 9.6) groups of the wild-type strain. Even so, the LDLr” CE group (179.3 +
23.7)showed lower levels of total cholesterol compared to the control group of the same strain (312.1 + 19.0)
(Figure 1B).

The wild animals in the CE group (41.5 £ 19.4) showed an increase in HDL levels compared to the wild
control group (24.4 + 7.3). Similarly, there was an increase in this parameter in the LDLr” CE group (54.7 +
17.4) compared to the control group of the same strain (17.4 + 4.7). Finally, the animals in the LDLr” control
group (17.4 + 4.7) had lower HDL levels compared to the wild-type control group (24.4 + 7.3) (Figure 1C).

LDL levels were higher in the control (165.5 + 38.2), ethanol (185.8 + 36.7) and CE (93.9 + 22.6) groups
of the LDLr” strain, compared to the control (21.8 + 7.5), ethanol (25.5 + 8.5) and CE (18.9 + 8.5) groups of
the wild-type strain, respectively. However, the LDLr” CE group (93.9 + 22.6) showed reduced LDL levels
compared to the control group (165.5 + 38.2) of the same strain (Figure 1D).

As for oxidized LDL levels, the LDLr” animals in the control (1.8 + 0.18) and ethanol (1.8 + 0.26) groups
showed higher levels compared to the respective wild-type groups: control (1.2 + 0.10) and ethanol (1.2 +
0.34). Wild animals in the CE group (1.01 + 0.30) showed a reduction in oxidized LDL levels compared to the
ethanol group (1.2 + 0.34), from the same strain. In addition, the LDLr"" CE group (1.26 + 0.16) showed a
reduction in this marker compared to the control group of the same strain (1.8 £ 0.18) (Figure 1E).
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Figure 1: Effect of EC treatment on the levels of (A) triglycerides, (B) total cholesterol, (C) HDL cholesterol, (D) LDL
cholesterol and (E) oxidized LDL in the plasma of wild-type and LDLr”" mice. Data are expressed as mean and standard
error of the mean (n=6 per group). * indicates a significant difference when compared to the wild-type group in the
same treatment; 'a' and 'b' denote a significant difference when compared to the control group and the ethanol group,
respectively, within the same strain (wild-type or LDLr”"). One-way ANOVA was performed followed by the Newman-

Keuls post hoc multiple comparisons test.
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The post-hoc test showed a reduction in TRAP levels in the ethanol group (92.8 £ 6.1), compared to the
control (100 + 6.2), and an increase in the CE group (128.2 + 17.5) compared to the ethanol group, in the
wild-type strain. In the LDLr” strain, the CE group (92.5 + 5.8) showed an increase in TRAP levels compared
to the control (64.3 + 11.7) and ethanol (62.3 + 17.7) groups. Finally, the animals in the control and ethanol
groups of the LDLr” strain showed reduced levels of TRAP compared to the respective groups of the wild-
type strain (Figure 2A).
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As for TAR levels, there was a reduction in the ethanol group (87.3 + 4.5) compared to the control (100
+18.0) and anincrease in the CE group (131.3 + 8.9) compared to ethanol in the wild-type strain. In the LDLr
"strain, the CE group (84.0 + 10.4) showed an increase in TAR levels compared to the control (68.2 + 9.3) and
ethanol (57.0 £ 9.9) groups. Comparing the strains, the control and ethanol groups of the LDLr” strain
showed reduced levels of TAR compared to the respective groups of the wild-type strain (Figure 2B).

In the assessment of ROS generation, wild-type animals in the ethanol group (182.5 + 30.7) showed an
increase in this marker compared to the control (153.6 + 37.9) and CE groups (124.4 + 22.5). In the LDLr”
strain, the CE group (165.8 + 8.6) showed a reduction in ROS levels compared to the control (2184 + 22.5)
and ethanol (212.5 + 20.8) groups. In addition, the control and ethanol groups of the LDLr”strain showed
higher values than the respective groups of the wild-type strain (Figure 20C).

There was a reduction in GSH levels in the ethanol group (118.3 + 22.2) compared to the control (147.1
+18.7), and an increase in the CE group (184.6 + 12.4) compared to ethanol, in the wild-type strain. In the
LDLr” strain, the CE group (152.3 + 29.8) showed increased GSH levels compared to the control (103.6 +
18.4) and ethanol (85.8 + 18.3) groups. Finally, the control and ethanol groups of the LDLr” strain showed a
reduction in GSH compared to the same groups of the wild-type strain (Figure 2D).

Figure 2: Effect of EC treatment on the levels of (A) TRAP, (B) TAR, (C) ROS and (D) GSH in the hippocampus of wild-type
and LDLr""mice. Data are expressed as mean and standard error of the mean (n=6 per group). * indicates a significant
difference when compared to the wild-type group in the same treatment; 'a' and 'b' denote a significant difference
when compared to the control group and the ethanol group, respectively, within the same strain (wild-type or LDLr™).

One-way ANOVA was performed followed by the Newman-Keuls post hoc multiple comparisons test.
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In the wild-type strain, the CE group (19.8 + 8.6) showed a reduction in TNF-a levels compared to the
ethanol group (42.4 £ 5.7). In the LDLr” strain, the CE group (75.1 + 20.7) showed a reduction in this marker
compared to the control (145.4 + 28.3) and ethanol (175.8 + 6.2) groups. In addition, the control and ethanol
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groups of the LDLr” strain showed increased levels of TNF-a compared to the respective groups of the wild-
type strain (Figure 3A).

Wild-type animals in the CE group (39.7 + 6.5) showed reduced IL-1[3 levels compared to the ethanol
group (68.62 + 6.3). In the LDLr” strain, the CE group (100.1 + 5.9) showed a reduction compared to the
control (142.4 £ 12.4) and ethanol (176.1 + 26.1) groups. The control and ethanol groups of the LDLr” strain
also showed increased levels of IL-13 compared to the respective groups of the wild-type strain (Figure 3B).

In the wild-type strain, the CE group (16.4 + 3.4) showed a reduction in IL-6 levels compared to the
ethanol group (34.3 + 8.6). In the LDLr" strain, the CE group (60.8 + 12.5) showed a reduction in levels
compared to the control (104.6 + 15.1) and ethanol (120 + 31.8) groups. In addition, the control and ethanol

groups of the LDLr” strain showed higher levels of IL-6 compared to the respective groups of the wild-type
strain (Figure 3Q).

Animals in the EC group (66.1 + 11.7) of the wild-type strain showed increased levels of IL-10 compared
to the ethanol group (42.7 + 12.5). Similarly, animals in the LDLr” CE group (53.33 + 16.2) showed higher
levels compared to the ethanol group (23.2 + 5.6) of the same strain. Finally, the control (21.5 + 6.6) and
ethanol (23.2 + 5.6) groups of the LDLr” strain showed reduced levels of this marker compared to the
respective groups of the wild-type strain (Figure 3D).

Figure 3: Effect of EC treatment on the levels of (A) TNF-q, (B) II-13, (C) IL-6 and (D) IL-10 in the hippocampus of wild-type
and LDLr""mice. Data are expressed as mean and standard error of the mean (n=6 per group). * indicates a significant
difference when compared to the wild-type group in the same treatment; 'a' and 'b' denote a significant difference
when compared to the control group and the ethanol group, respectively, within the same strain (wild-type or LDLr™).

One-way ANOVA was performed followed by the Newman-Keuls post hoc multiple comparisons test.
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DISCUSSION

Atherosclerosis is an inflammatory disease characterized by the formation of plaques inside the
arteries, causing them to thicken and lose elasticity. These plaques result from the accumulation of lipids and
cholesterol. When atherosclerosis forms, blood is prevented from circulating normally, leading to the
development of myocardial ischemia. The development of atherosclerosis causes the onset of cardiovascular
diseases that can lead to death, such as infarction and/or heart attack. Atherosclerosis is one of the main
causes of death from cardiovascular disease.'??° The development of this disease results from high
concentrations of total cholesterol, triglycerides, low-density lipoprotein (LDL) cholesterol and/or a low level
of high-density lipoprotein (HDL) cholesterol. LDL is oxidized through the action of free radicals or by enzymes
that mediate its oxidation. Once altered, LDL binds to the artery walls, forming fatty plagues, thus initiating
the inflammatory process.?®?" Plasma high-density lipoprotein (HDL) promotes the outflow of cholesterol,
which is inversely associated with the risk of atherosclerotic CVD.*?

The present study showed that LDLr” animals had increased levels of TG, TC, LDL and LDLox and
decreased levels of HDL cholesterol. Cinnamon extract prevented these changes in biochemical parameters
caused by the absence of the LDL receptor. In another study, cinnamon and its extract showed lipid-lowering
effects in animal experiments. Treatment with cinnamic acid, a phytochemical compound found naturally in
various plants, especially in essential oils extracted from cinnamon bark and leaves and with many biological
effects, reduced TC and LDL-C levels and increased high-density lipoprotein cholesterol (HDL-C) levels in
mice.” In addition, the aqueous extract of C. zelanicum significantly prevented dyslipidemia and protected
the aortas from atherosclerotic changes induced by dexamethasone in Wistar rats.*

Favorable results have also been found in humans further east on the Asian continent, specifically in
India. Researchers have shown that continuous and prolonged use of cinnamon reduced not only LDL, but
also TG and TC values.” Another study showed that treatment of animals for a period of thirty days with an
agueous extract of cinnamon is active against DM (diabetes mellitus) since it influences glucose
concentration, reduces food consumption and lowers cholesterol levels.?® Similarly, another study showed
the long-lasting antihypertensive effect of administering cinnamon extract (5, 10 and 20 mg/Kg) in a rat model,
as well as significantly reducing levels of triglycerides, total cholesterol, LDL-cholesterol and increasing HDL-
cholesterol in plasma.?” A review study on medicinal plants that can be used as functional foods reported
that the consumption of some species of cinnamon may have beneficial effects in the prevention and
management of cardiovascular diseases, hypertension and diabetes, due to its antioxidant properties.?®

There is great interest in antioxidant studies, mainly due to discoveries about the effect of free radicals
on the body.?’ Free radicals and other reactive oxygen species (ROS) are toxic molecules and can cause
damage to DNA, membranes and cell death in extreme cases.?? In this context, oxidative stress is related to
the pathogenic mechanisms of atherosclerosis and neurodegenerative diseases.

In the present study, the antioxidant potential of cinnamon extract was assessed using the TRAP
technigue, which measures the time that the sample or standard maintains free radical sequestration, and
the TAR index, which reflects the capacity and speed of a substance or mixture of them to participate in the
process of electron transfer to luminol-derived radicals,*>" in other words, it measures the capacity to react
in the face of an increase in free radicals. In this respect, the present study showed that cinnamon extract
reversed the decrease in TAR and TRAP levels in the hippocampus of hypercholesterolemic animals,
corroborating previous studies which have shown that cinnamon extract has defense mechanisms against
cell damage caused by free radicals in order to maintain cellular balance.®?
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Among the mammalian antioxidant defense systems, GSH (glutathione), a low molecular weight
tripeptide composed of glutamate, cysteine and glycine, is considered the main endogenous non-enzymatic
antioxidant. Among its antioxidant functions, GSH acts as a chelator of free radicals and reactive oxygen
species.® In the present study, we demonstrated that cinnamon extract was able to reverse GSH depletion
in the hippocampus of hypercholesterolemic animals. A probable mechanism for the antioxidant effect of
cinnamon is the presence of cinnamaldehyde (an aromatic acid naturally found in cinnamon oil
(Cinnamomum  zeylanicum), which is capable of raising glutathione levels.** In addition, Khedkar et al.*
concluded that cinnamon extract has significant antioxidant activity in humans. Therefore, cinnamon, which
is used as a flavoring agent in food or tea, can act as a potent antioxidant and can be used in individuals who
have diseases related to oxidative stress.

Despite the impact that cardiovascular diseases have, they can be controlled by adopting healthy
lifestyle habits, as well as correcting some of the risk factors associated with them, such as
hypercholesterolemia, hypertension and oxidative stress.®

It has been suggested that hypercholesterolemia can induce alterations in the blood-brain barrier,
causing extravasation of serum components into the brain through the wall of small cerebral vessels, allowing
a recruitment of immune-inflammatory cells from the bloodstream.' These deleterious effects may be
related to neuroinflammation and oxidative damage in brain structures in response to hypercholesterolemia,
increasing the risk of developing Alzheimer's disease.

In the present study, we found that LDLr” animals had markedly elevated levels of the inflammatory
cytokines TNF-q, IL-13 and IL-6, as well as decreased levels of the anti-inflammatory cytokine IL-10 in the
hippocampus. This corroborated previous studies in which the polyphenolic fraction of cinnamon showed
anti-inflammatory and anti-arthritic activity in animal models at doses of 200 mg/kg, with a high reduction in
tumor necrosis factors (TNF-a).>’ He also confirmed that daily consumption of proanthocyanidins - a phenolic
compound found in cinnamon leaves - helps prevent low-grade inflammation, both systemic and local, in
adipose tissue, as well as in muscle and liver, which improves obesity-induced insulin resistance.®

CONCLUSION

The study showed that Cinnamomum zeylanicum (cinnamon) extract has significant therapeutic effects
in the treatment of hypercholesterolemia, a condition associated with cardiovascular disease and possibly
Alzheimer's disease. After 30 days of treatment with cinnamon extract, the biochemical changes in the
treated animals were normalized, with a reduction in cholesterol and triglyceride levels and an increase in
HDL.

Cinnamon is therefore a natural and effective alternative for controlling high cholesterol. In addition,
the treatment showed antioxidant properties. These results obtained in animals indicate that cinnamon
extract can be useful not only for prevention, but also in the adjuvant therapy of pathologies.
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