Int. J. Pharm. Sci. Rev. Res., 41(1), November - December 2016; Article No. 18, Pages: 88-93 ISSN 0976 — 044X

Research Article

Antiinflmmatory and Antihyperlipidemic Effect of Adjuvant Cinnamon in Type 2 Diabetic Patients

Haitham Mahmood Kadhim*
Department of Pharmacology, Al- Nahrain College of Medicine, Baghdad, Iraq
*Corresponding author’s E-mail: haitham7424@yahoo.com

Accepted on: 20-08-2016; Finalized on: 31-10-2016.

ABSTRACT

This study aimed to determine the effect of adjuvant cinnamon on inflammatory markers and lipid profile in poorly controlled type 2
diabetic patients. This study was carried out on twenty six patients who are poorly controlled type 2 diabetics with dyslipidemia, the
patients of both sexes, aged 49.1 & 6.0, treated only with hypoglycemic agents glibenclamide were randomly assigned to receive
either 1g of cinnamon or placebo daily for 12 weeks. The serum level of tumor necrosis factor alpha was reduced after
administration of cinnamon 1000mg after six weeks by 6.19%, the level reduced significantly (P<0.05) by 11.38% after 12 weeks of
treatment compared to baseline value, At the same time periods, the value of C-reactive protein reduced in cinnamon treated group
by (6.94%) and (15%) after six and 12 weeks respectively compared to baseline value; concerning lipid profile, the cholesterol serum
level reduced by 2.88% and 7.52% after six and 12 weeks respectively compared to baseline value, the reduction in the mean value
of triglyceride was 5.9% after six weeks and 7.48% after 12 weeks of intervention, Concerning the serum high density lipoprotein
cholesterol level, treatment of diabetic patients with cinnamon resulted in 9.8% elevation after six weeks compared to baseline
value and 22.54% elevation after 12 weeks although this change was statistically not significant, finally administration of cinnamon
to diabetic patients for 12 weeks resulted in 3.1% and 10.1% reduction in LDL serum level after 6 and 12 weeks of cinnamon
treatment respectively. Administration of 1g of cinnamon powder for 12 weeks to poorly controlled type 2 diabetic patients reduced
the level of inflammatory markers and improved the lipid profile of patients, indicating the beneficial adjuvant effect of cinnamon
along with conventional medications used to treat type 2 diabetes mellitus.
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leading to diabetic dyslipidemia 7 furthermore, cytokines
deactivate the liver X receptors (LXR), resulting in an
increased rate of cholesterol accumulation ® , and
ultimately trigger the hepatic production and secretion of
acute-phase proteins such as C-reactive protein (CRP),
The synthesis of acute-phase reactants following the
cytokine release characterizes the early stages of T2DM
and exhibits graded increases as the disease progresses
and clinical complications ensue 10,

INTRODUCTION

he rapid growing of type 2 diabetes mellitus (T2DM)

worldwide mandate hard efforts regarding the

mechanisms contributing to complications of the
disease and at the same time fast and comprehensive
scanning of old agents and investigation of new agents
that acting by different mechanisms of action which may
be beneficial to prevent or slow the appearance of
diabetic complicationsl. Targeting of complications like
inflammation and dyslipidemia in T2DM represent
interesting strategy along with the main goal which is
good glycemic control. Many studies reporting the
relation between inflammation and T2DM have showed
the role of inflammation in development of insulin
resistance and other pathogenic processes of T2DM °. It
has been shown that the proinflammatory cytokine TNF-a
was able to induce insulin resistance’. It has been
suggested that abnormal levels of chemokines released

Tumor Necrosis Factor-alpha (TNF-a)

The major cellular source of TNF-a is activated
mononuclear phagocytes, antigen-stimulated T-cells,
natural killer (NK) cells, and mast cells. The TNF-a gene is
constitutively expressed in adipose tissue, where it

than from the adipocytes themselves, high TNF-a is
related to the pathophysiology of insulin resistance and
T2DM, possibly through its impact on insulin receptor

originates principally from macrophage infiltration rather

by adipose tissue activate monocytes and increase the
secretion of pro-inflammatory adipokines. Such cytokines
in turn enhance insulin resistance in adipose and other
tissues, thereby increasing the risk for T2DM °.

Exposure to exogenous factors triggers the release of pro-
inflammatory cytokines like tumor necrosis factor (TNF)-a
and other interleukins, These cytokines are derived
primarily from macrophages and can directly enhance
insulin resistance in adipocytes, muscle and liver cells
® Cytokines also act on the liver to increase the
production of very-low density lipoproteins (VLDL),

substrate (IRS-1) '
C-Reactive Protein (CRP)

CRP is an acute-phase reactant produced primarily in the
liver under the stimulation of adipocyte-derived IL-6 and
TNF-a. It exhibits several characteristics that imply a
fundamental immune-regulatory function. CRP also
enhances leukocyte reactivity, complement fixation,
modulation of platelet activation, and clearance of
cellular debris from sites of active inflammation “?. The
magnitude of its induction in innate immune response, as
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well as its ease of measurement, makes CRP a common
marker for inflammation. Furthermore, CRP is invariably
correlated with various parameters relevant to diabetes,
including obesity, lipogenesis, and adiponectin. These
findings make a role for CRP as a possible candidate
biomarker for early T2DM risk detection **

It has been reported that the mechanism by which CRP
plays a critical role in T2DM is primarily by its action on
pancreatic B-cell. CRP significantly inhibits cell
proliferation and increases the rates of apoptotic cell
death. This effect was connected to the CRP-mediated
modulation of protein kinase B (PKB), a key factor for cell
survival pathways and to its ability to induce the
production of TNF-a, IL-1B and matrix metalloproteinase-
9 (MMP-9) in a concentration-dependent manner **

Dyslipidemia

Dyslipidemia is a risk factor for macrovascular
complications in patients with type 2 diabetes.
Dyslipidemia associated with type |l diabetes includes
elevated triglycerides, low levels of HDL-C, and increase
level of small dense LDL particles. The cornerstone of
treatment for diabetic dyslipidemia is therapeutic lifestyle
change. In addition to these measures, recent clinical
trials have demonstrated the benefits of statin therapy.
Statins are the first-line drugs for most lipid disorders.
However, they cannot be used to treat all aspects of
dyslipidemia. Numerous novel therapeutic compounds
are currently being developed .

Cinnamon

There was a long history of using Cinnamon as spices in
the food, and as medicinal plant. Traditional medicine has
used cinnamon extracts for different health conditions.
The dry bark of cinnamon trees is rich in polyphenols and
has been used to improve general health and treat a
variety of disease conditions including diabetes '°. In
addition to anti-diabetic properties, cinnamon is known
to have anti- inflammatory, anti-bacterial and antioxidant
properties /. Several studies have indicated the anti-
inflammatory activities of cinnamon ¥ It has been
reported that 2'-hydroxycinnamaldehyde isolated from C.
cassia bark exhibited an inhibitory effect on the
production of nitric oxide by inhibiting the activation of
the nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB), indicating that this substance
can potentially be used as an anti-inflammatory agent ™.
Various compounds contained in C. ramulus showed anti-
inflammatory effects by suppressing the expression of
inducible nitric oxide synthesis (iNOS), cyclooxygenase-2
(COX-2), and nitric oxide (NO) production in the central
nervous system (CNS). Furthermore, the aqueous extract
of cinnamon decreases the lipopolysaccharide-induced
tumor necrosis factor-a level in the serum *°. By this
mechanism, Cinnamon could be a potential therapeutic
herbal agent for the treatment of inflammation-mediated
diseases such as T2DM. The administration of cinnamon
positively affected the lipid profile in an animal studies, it
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has been shown that the plasma total cholesterol,
triglycerides and LDL-C were reduced **. A study by Khan
et al. reported that the administration of cinnamon at 1,
3, and 6 g doses per day caused a reduction in serum
glucose, triglyceride, total cholesterol, and LDL
cholesterol levels in humans *

PATIENTS AND METHODS

This study was carried out on twenty six patients who are
poorly controlled type 2 diabetics with dyslipidemia who
attend the Specialized Center for Endocrinology and
Diabetes-AL-Risafa, Directoratc of Health-Baghdad. The
inclusion criteria: patients with type 2 diabetes mellitus of
both sexes on sulfonylurea (glibenclamide), with age
range 40-65 years (49.1 + 6.0), and have disease duration
of 5-10 years, the fasting blood glucose level was >10
mmol/l and Glycosylated hemoglobin HbAlc >8. The
exclusion criteria: they should not have other associated
chronic diseases like liver and kidney disorders and
cardiovascular complications. Patients who are pregnant
and breast feeding are excluded. They should not be on
insulin therapy or other antidiabetic drugs, or on
antioxidant drugs like aspirin, and any associated drugs
should be considered. They should not taking other
hypolipidemic agent; anti-inflammatory or nonsteroidal
anti-inflammatory drugs. The patients treated previously
with full maximum dose of sulfonylurea (glibenclamide)
(15 mg/day) and kept on dietary control, but with poor
glycemic control as evidenced by abnormal values of
fasting plasma glucose and glycated hemoglobin; those
patients are carefully evaluated while they are on their
already established treatment program for DM control for
2 weeks before randomization:

1-Group (A): includes 13 patients treated with placebo in
capsule dosage form in addition to the already given oral
hypoglycemic agent (glibenclamide) and dietary control,
for 12 Weeks.

2-Group (B): includes 13 patients treated with cinnamon
powder 500mg hard gelatin capsule twice daily
(1000mg/day) in addition to the already given oral
hypoglycemic agent (glibenclamide) and dietary control
for 12 Weeks.

Sample Collection and Preparation

After 12 hours fasting, blood samples were collected from
all subjects by venepunture (10 ml), before starting drug
treatment (as base line samples) and then after 6 weeks
and 12 weeks of treatment to follow the changes in the
studied parameters. Blood samples were collected in
plane tube, and then centrifuged at 3000 rpm for 10 min
at 4°C. after centrifugation and isolation of cellular
fraction; the obtained plasma fraction was divided into
two parts in ependorff tubes and stored frozen until
analysis performed.
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Biochemical Assay Methods

Measurement of serum Tumer necrosis factor-a (TNF-a)
levels

TNF-a human ELISA is a sandwich assay for the
determination of TNF-a in serum. During the first
incubation period, TNF-a in patient serum samples are
captured by the monoclonal antibody to human TNF-a
coated on the wall of the microtiter wells. After washing
away the unbound components from samples, a
peroxidase-labelled second monoclonal antibody
conjugate is added to each well and then incubated. After
a second washing step, the bound enzymatic activity is
detected by addition of tetramethylbenzidine (TMB)
chromogen-substrate. Finally the reaction is terminated
with an acidic stop solution. The intensity of reaction
color is directly proportional to the concentration of
human TNF-a in sample 3,

Measurement of serum C-reactive protein (CRP) levels

Microtiter strips coated with anti-CRP are incubated with
diluted standard sera and patient samples. During this
incubation step CRP is bound specifically to the wells.
After removal of the unbound serum proteins by a
washing procedure, the antigen-antibody complex in each
well is detected with specific peroxidase-conjugated
antibodies. After removal of the unbound conjugate, the
strips are incubated with a chromogen solution
containing tetramethylbenzidine and hydrogen peroxide;
a blue color develops in proportion to the amount of
immunocomplex bound to the wells of the strips. The
enzymatic reaction isstopped by the addition of 1N acidic
solution and the absorbance values at 450 nm are
determined **.

Measurement of Serum Lipid Profile
A- Serum Total Cholesterol (TC) Determination

Serum total cholesterol was estimated according to the
method of Richmond * where a readymade kit is used for
this purpose, based on the oxidation of cholesterol, which
resulted in the formation of H,0,, and when the later is
reacted with phenol, a red colored quinonimine was
formed and the intensity of color was measured at 505
nm and compared with standard cholesterol solution. The
results were expressed as mmol cholesterol /L.

B- Serum Triglyceride (TG) Determination

Serum triglyceride levels were determined according to
the method of Fossati and Prencipe *® and a readymade
kit was utilized for this purpose, based on enzymatic
oxidation of the glycerol-3-phosphate, which is generated
from the hydrolysis of triglyceride moiety. The oxidation
process resulted in the formation of H,0, which is
measured spectrophotometrically as indicated before.
The results were expressed in mmol TG/L.
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C. Dtermination of serum High and Low Density
Lipoprotein Cholesterol (HDL-C and LDL-C)

Serum HDL-C levels were estimated according to the
method of Burstein (Burstein et al,1970); through which
LDL-C and VLDL-C was determined calorimetrically by
measurement of light absorbance at 505 nm, using a
readymade kit for this purpose.

Plasma LDL-C was calculated by using this formula:
LDL-C = Total cholesterol — (TG/2.2) — (HDL-C)

Results were expressed in mmol/L 77,

Statistical analysis

The results were expressed as mean +SD. Student t-test
for paired and unpaired sample and ANOVA test was used
to examine the degree of significance, P-value less than
0.05 considered significant and less than 0.001
considered highly significant.

RESULTS

The serum level of the inflammatory marker tumor
necrosis factor alpha was reduced after administration of
cinnamon 1000mg to diabetic patients, although the
percent reduction was not significant after six weeks
6.19%, the level reduced significantly (P<0.05) by 11.38%
after 12 weeks of treatment compared to baseline value,
also, the there is significant change in the mean value of
TNF-a level between placebo and cinnamon treated
group after 12 weeks of intervention (figure 1).
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* = Significant difference from basline (P<0.05), a= Significant difference
(p<0.05) between cinnamon group and placebo group at corresponding
duration.

Figure 1: Effect of Cinnamon on Tumor Necrosis Factor-a
Serum Level in Type 2 Diabetic Patients.

At the same time periods, the value of C-reactive protein
reduced in cinnamon treated group by (6.94%) and (15%)
after six and 12 weeks respectively (figure 2), although
this reduction was non-significant compared to baseline
value, but it was in line with that of TNF-a level; and both
changes give an indication about the anti-inflammatory
effect of cinnamon in type 2 diabetic patients.
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Figure 2: Effect of Cinnamon on C - reactive protein
Serum Level in Type 2 Diabetic Patients.

Figure 3 showed that the cholesterol serum level reduced
by 2.88% and 7.52% after six and 12 weeks respectively
compared to baseline value.
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Figure 3: Effect of Cinnamon on Serum Cholesterol Level
in Type 2 Diabetic Patients.

The reduction in the mean value of triglyceride was non-
significant compared to baseline value; the percent
reduction was 5.9% after six weeks and 7.48% after 12
weeks of intervention (figure 4). It is clear that there is a
baseline difference in TG serum level exists between
placebo and cinnamon treated group.
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Figure 4: Effect of Cinnamon on Serum Triglyceride Level
in Type 2 Diabetic Patients.

Concerning the serum high density lipoprotein cholesterol
level, treatment of diabetic patients with cinnamon
resulted in 9.8% elevation after six weeks compared to
baseline value and 22.54% elevation after 12 weeks
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although this change was statistically not significant
(figure 5).
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Figure 5: Effect of Cinnamon on High Density Lipoprotein
Serum Level in Type 2 Diabetic Patients.

Finally, results of this study showed that there was
significant (P<0.05) difference in the baseline value of
serum low density lipoprotein cholesterol between
placebo and cinnamon treated groups, and highly
significant difference exists between the placebo and
cinnamon values after six weeks of treatment, in spite of
that, administration of cinnamon to diabetic patients for
12 weeks resulted in 3.1% and 10.1% reduction in LDL
serum level after 6 and 12 weeks of cinnamon treatment
respectively (figure 6).
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Figure 6: Effect of Cinnamon on Low Density Lipoprotein
Serum Level in Type 2 Diabetic Patients.

a= Significant difference (p<0.05) between cinnamon group and placebo
group at corresponding duration. b= Highly significant difference

(p<0.001) between cinnamon group and placebo group at corresponding
duration.

DISCUSSION

This study demonstrates the antiinflammatory and
antihyperlipidemic effects of one gram cinnamon powder
daily in combination with classical treatment
(glibenclaimide) for type 2 diabetic patients, the used
cinnamon dose was well tolerated by the patients and
there was no any adverse effect appear during treatment
course. In this regard, Qin et al suggest that a water
extract of cinnamon reverses TNF-alpha-induced
overproduction of intestinal apoB48 by regulating gene
expression involving inflammatory, insulin, and
lipoprotein signaling pathways % In separate study, Qin
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et al, review the effect of cinnamon in diabetic patients
with metabolic syndrome, they reported that cinnamon
and components of cinnamon have beneficial effects on
essentially all of the factors associated with metabolic
syndrome, including insulin sensitivity, glucose, lipids,
antioxidants, inflammation, blood pressure, and body
weight *°.Hong et al showed that treatment with
cinnamon water extract decreased LPS-induced TNF-a in
serum. In vitro inhibition of TNF-a gene by cinnamon
water extract may occur via the modulation of IkBa
degradation and JNK, p38, and ERK1/2 activation. They
suggest that the observed anti-inflammatory action of
cinnamon water extract may originate from the presence
of polyphenols **.In animal model of inflammation and
arthritis, Rathi et al concluded that cinnamon produce
prominent action in animal models of inflammation and
arthritis through inhibiting many cytokines, and therefore
can be considered as a potential anti-rheumatic agent
with disease-modifying action *'.In a double-blind,
placebo-controlled trial with two parallel groups, fifty
patients with nonalcoholic fatty liver disease were
randomized to receive daily supplementation with either
two capsules of cinnamon each capsule contain 750 mg
cinnamon or two placebo capsules, daily for 12 weeks.
Patients in the treatment group showed significant
decreases in fasting blood glucose, total cholesterol,
triglyceride, liver enzymes, and high-sensitivity C-reactive
protein, but there was no significant change in serum
high-density lipoproteins levels. In both groups, low-
density lipoproteins decreased significantly (P <
0.05). They suggest that taking 1500 mg cinnamon daily
may be effective and beneficial in such condition 2 In
this study, administration of one gram of cinnamon
powder to diabetic patients resulted in reduction of
tumor necrosis factor alpha level in the serum of these
patients after six and twelve weeks of treatment, the
level of C-reactive protein also reduced at the same
durations of TNF-a indicating the anti-inflammatory effect
of cinnamon powder. The values of lipids including total
serum cholesterol, serum triglycerides and low density
lipoprotein cholesterol reduced in diabetic patients after
cinnamon administration compared to placebo group,
while high density lipoprotein cholesterol level increased
in the serum of diabetic patients compared to placebo
group, although these changes are not significant, but
they give indication about the improvement in lipid
profile of diabetic patients; results in several studies are
compatible with results obtained in this study, Khan et al.
reported that cinnamon improves the blood glucose,
triglyceride, total cholesterol, HDL cholesterol and LDL
cholesterol levels in patients with type 2 diabetes *. It
has been suggested that Cinnamon extract regulates
plasma levels of adipose-derived factors and expression
of multiple genes related to carbohydrate metabolism
and lipogenesis in adipose tissue of fructose-fed rats via
regulation of the expression of multiple genes involved in
insulin sensitivity and lipogenesis **. In a type 2 diabetic
animal model Kim and Choung suggested that cinnamon
extract significantly increases insulin sensitivity, reduces
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serum, and hepatic lipids, and improves hyperglycemia
and hyperlipidemia possibly by regulating the PPAR-
medicated glucose and lipid metabolism *. Javed et al
showed that administration of cinnamon extract to
hyperlipidemic albino rabbits resulted in improvement of
lipid profile of the animals effectively compared to
simvastatin  *°®. Ranasinghe et al showed that
administration of Ceylon cinnamon extract to diabetes
induced rats lowered blood glucose, reduced food intake,
and improved lipid parameters in these animals after
short and long term use 37, Furthermore, Li et al showed
that cinnamaldehyde an active and major compound
in cinnamon has antihyperglycemic and
antihyperlipidemic actions in db/db mice and could be
useful in the treatment of type-2 diabetes 3, Finally, in a
double blind, randomized, placebo controlled clinical trial,
Vafa et al showed that administration of three grams per
day of cinnamon to type 2 diabetic patients for eight
weeks period resulted in reduction of fasting blood
glucose level, HbA1lc, triglyceride, weight, BMI and body
fat mass significantly compared to baseline, but not in
placebo group; they suggest that cinnamon may have a
moderate effect in improving glycemic status indicators®.
In conclusion, administration of 1g of cinnamon powder
for 12 weeks to poorly controlled type 2 diabetic patients
reduced the level of inflammatory markers and improved
the lipid profile of patients, indicating the beneficial
adjuvant effect of cinnamon along with conventional
medications used to treat type 2 diabetes mellitus.

REFERENCES

1. Wild S, Roglic G, Green A, Sicree R, King H: Global prevalence of
diabetes: estimates for the year 2000 and projections for 2030.
Diabetes Care 2004, 27(5):1047-1053.

2. World Health Organization: WHO Diabetes Fact Sheet No 312.
Available at www.who.int/mediacentre/factsheets.

3. Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin
resistance. J Clin Invest 2006; 116: 1793-1801.

4, Feinstein R., Kanety H., Papa M.Z., Lunenfeld B., Karasik A. Tumor
necrosis  factor-a  suppresses  insulin-induced  tyrosine
phosphorylation of insulin receptor and its substrates. J. Biol.
Chem.1993; 268:26055-26058.

5. King GL. The role of inflammatory cytokines in diabetes and its
complications. J Periodontol. 2008; 79:1527-1534.

6. Hotamisligil GS. Inflammation and metabolic disorders. Nature.
2006; 444:860-867.

7. Sjoholm A, Nystrom T. Inflammation and the etiology of type 2
diabetes. Diabetes Metab Res Rev. 2006; 22:4-10.

8. Castrillo A, Joseph SB, Vaidya SA, et al. Crosstalk between LXR and
Toll-like receptor signaling mediates bacterial and viral
antagonism of cholesterol metabolism. Mol Cell. 2003; 12:805—-
816.

9. Pickup JC, Crook MA. Is type Il diabetes mellitus a disease of the
innate immune system? Diabetologia. 1998; 41:1241-1248.

10.  Fernandez-Real JM, Pickup JC. Innate immunity, insulin resistance
and type 2 diabetes. Trends Endocrin Metabol. 2007; 19:10-16.

11.  Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression
of tumor necrosis factor-alpha: direct role in obesity-linked insulin
resistance. Science. 1993; 259:87-91.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

92



Int. J. Pharm. Sci. Rev. Res., 41(1), November - December 2016; Article No. 18, Pages: 88-93

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Steel DM, Whitehead AS. The major acute phase reactants: C-
reactive protein, serum amyloid P component and serum amyloid
A protein. Immunol Today. 1994; 15:81-87.

Dehghan A, Kardys |, de Maat MP, et al. Genetic variation, C-
reactive protein levels, and incidence of diabetes. Diabetes. 2007;
56:872-878.

Nabata A, Kuroki M, Ueba H, et al. C-reactive protein induces
endothelial cell apoptosis and matrix metalloproteinase-9
production in human mononuclear cells: Implications for the
destabilization of atherosclerotic plaque. Atherosclerosis. 2008;
196:129-135.

Wang SY, Hsieh MC, Tu ST, Chuang CS. New frontiers in the
treatment of diabetic dyslipidemia. Rev Diabet Stud. 2013; 10(2-
3):204-12.

Mang B, Wolters M, Schmitt B, Kelb K, Lichtinghagen R,
Stichtenoth DO, et al. Effects of a cinnamon extract on plasma
glucose, HbAlc, and serum lipids in diabetes mellitus type 2. Eur J
Clin Invest. 2006; 36:340-4.

Dugoua JJ, Seely D, Perri D, Cooley K, Forelli T, Mills E, et al. From
type 2 diabetes to antioxidant activity: a systematic review of the
safety and efficacy of common and cassia cinnamon bark. Can J
Physiol Pharmacol. 2007 Sep; 85(9):837-47.

Li RW, David LG, Myers SP, Leach DN. Antiinflammatory activity of
Chinesemedicinal vine plants. J Ethnopharm 2003, 85:61-67.

Lee SH, Lee SY, Son DJ et al. Inhibitory effect of 2'-
hydroxycinnamaldehyde on nitric oxide production through
inhibition of NF-xkB activation in RAW264.7 cells. Biochem
Pharmacol 2005, 69(5): 791-799.

Hong JW, Yang GE, Kim YB, Eom SH, Lew JH, and H. Kang H. Anti-
inflammatory activity of cinnamon water extract in vivo and in
vitro LPS-inducedmodels. BMC Complementary and Alternative
Medicine 2012, 12(1): 237.

Rao PV, Gan SH. Cinnamon: a multifaceted medicinal plant. Evid
Based Complement Alternat Med. 2014; 2014:642942.

Khan A, Safdar M, Ali Khan MM, Khattak KN, Anderson RA.
Cinnamon improves glucose and lipids of people with type 2
diabetes. Diabetes Care. 2003; 26(12):3215-8.

Aderka D, Sorkine P, Abu-Abid S, Lev D, Setton A, Cope AP,
Wallach D, Klausner J. Shedding kinetics soluble tumour necrosis
factor receptors, after systemic TNF leaking during isolated limb
perfusion. J. Clin. Inves.1998; 101(3); 650-659.

Mitra B, Panja M. High sensitive C-reactive protein: a novel
biochemical markers and its role in coronary artery disease. J
Assoc Physicians India. 2005; 53:25-32.

Richmond W. Proceedings: The development of an enzymic
technique for the assay of cholesterol in biological fluids. Clin Sci
Mol Med. 1974; 46(1):6P-7P.

determined
hydrogen

Fossati P, Prencipe L. Serum triglycerides
colorimetrically with an enzyme that produces
peroxide. Clin Chem. 1982; 28(10):2077-80.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

ISSN 0976 — 044X

Burtis CA and Ashwood ER. Tietz, Text book of clinical chemistry,
3rd Edition; WB Sawanders Comp.1999, P: 837 -46. 766 -73. 921-
2.

Qin B, Dawson H, Polansky MM, Anderson RA. Cinnamon extract
attenuates TNF-alpha-induced intestinal lipoprotein ApoB48
overproduction by regulating inflammatory, insulin, and
lipoprotein pathways in enterocytes. Horm Metab Res. 2009;
41(7):516-22.

Qin B, Panickar KS, Anderson RA. Cinnamon: potential role in the
prevention of insulin resistance, metabolic syndrome, and type 2
diabetes. J Diabetes Sci Technol. 2010; 4(3):685-93.

Hong JW, Yang GE, Kim YB, Eom SH, Lew JH, Kang H. Anti-
inflammatory activity of cinnamon water extract in vivo and in
vitro LPS-induced models. BMC Complement Altern Med. 2012;
12:237.

Rathi B, Bodhankar S, Mohan V, Thakurdesai P. Ameliorative
Effects of a Polyphenolic Fraction of Cinnamomum zeylanicum L.
Bark in Animal Models of Inflammation and Arthritis. Sci Pharm.
2013; 81(2):567-89.

Askari F, Rashidkhani B, Hekmatdoost A. Cinnamon may have
therapeutic benefits on lipid profile, liver enzymes, insulin
resistance, and high-sensitivity C-reactive protein in nonalcoholic
fatty liver disease patients. Nutr Res. 2014; 34(2):143-8.

Khan A, Safdar M, Ali Khan MM, Khattak KN, Anderson RA.
Cinnamon improves glucose and lipids of people with type 2
diabetes. Diabetes Care. 2003; 26(12):3215-8.

Qin B, Polansky MM, Anderson RA. Cinnamon extract regulates
plasma levels of adipose-derived factors and expression of
multiple genes related to carbohydrate metabolism and
lipogenesis in adipose tissue of fructose-fed rats. Horm Metab
Res. 2010; 42(3):187-93.

Kim SH, Choung SY. Antihyperglycemic and antihyperlipidemic
action of Cinnamomi Cassiae (Cinnamon bark) extract in C57BL/Ks
db/db mice. Arch Pharm Res.2010; 33(2):325-33.

Javed |, Faisal I, Rahman Z, Khan MZ, Muhammad F, Aslam B,
Ahmad M, Shahzadi A. Lipid lowering effect of Cinnamomum
zeylanicum in hyperlipidaemic albino rabbits. Pak J Pharm Sci.
2012; 25(1):141-7.

Ranasinghe P, Perera S, Gunatilake M, Abeywardene E, Gunapala
N, Premakumara S, Perera K, Lokuhetty D, Katulanda P. Effects of
Cinnamomum zeylanicum (Ceylon cinnamon) on blood glucose
and lipids in a diabetic and healthy rat model. Pharmacognosy
Res. 2012; 4(2):73-9.

Li J, Liu T, Wang L, Guo X, Xu T, Wu L, Qin L, Sun W.
Antihyperglycemic and antihyperlipidemic action of
cinnamaldehyde in C57BLKS/J db/db mice. J Tradit Chin Med.
2012; 32(3):446-52.

Vafa M, Mohammadi F, Shidfar F, Sormaghi MS, Heidari |,
Golestan B, Amiri F. Effects of cinnamon consumption on glycemic
status, lipid profile and body composition in type 2 diabetic
patients. Int J Prev Med. 2012; 3(8):531-6.

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

93



