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Abstract: The anti-diabetic effect of Cinnamon Powder (CP) and Cinnamon
Aqueous Extract (CAE) in type I diabetic rats was studied. Cinnamon was admin-
istered at different doses (5, 10 and 15 g/100 gm diet of CP and 5, 10 and 15% of
CAE at 2 ml/kg rat body weight, P.O.) for five weeks. It was found that blood glucose
concentration significantly (p < 0.05) decreased compared with the control. Also,
serum High Density Lipoprotein Cholesterol (HDL-C) levels were significantly
(p < 0.05) increased and the concentration of Triglyceride (TGL), Total Cholesterol
(TC), Total Lipids (TL), Low-Density Lipoprotein Cholesterol (LDL-C), Alanine
Amino Transferase (ALT), Aspartate Amino Transferase (AST), urea and creati-
nine were significantly decreased after five weeks of the administration. The results
obtained indicated that using 10% and 15% from CP and CAE were more benefi-
cial than using 5% for glucose reduction in diabetic rats. These results suggested
that CP and CAE have a regulatory role in blood glucose level and lipids and the
most effective material used was 15% CAE.

Keywords: cinnamon; chemical composition; anti-diabetic; serum glucose;
cholesterol; lipids; transferases; urea; creatinine.

INTRODUCTION by 5.4% in 2025 (Kim et al., 2006). It is
Diabetes mellitus is a chronic metabolic dis- characterised by abnormalities in carbohy-
order affecting approximately 4% popula-  drate, lipid and lipoprotein metabolism,

tion worldwide and is expected to increase ~ which not only lead to hyperglycemia but
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also cause many complications, such hyper-
lipidemia, hyperinsulinemia, hypertension
and atherosclerosis (Chait and Brunzell,
1996). Diabetes mellitus is classified as:
Insulin-Dependent  Diabetes  Mellitus
(IDDM) and Non-Insulin-Dependent
Diabetes Mellitus (NIDDM). About 90%
of patients are NIDDM with insulin resis-
tance playing a key role in the development
of the disease (Fuller et al., 1980). Insulin
resistance includes decreased stimulation
of muscle glycogen synthesis, defects in
glycogen syntheses and hexokinase activity
(Muller et al., 1973). Plants have been used
for the treatment of diabetes since 1550
BC (Gray and Flatt, 1997). These plants
are important for the prevention and con-
trol of type 2 DM, especially for people
with elevated levels of blood glucose and
glucose intolerance who have a greater risk
of developing diabetes. Plant seeds, fruits,
leaves and bark contain polyphenols. These
compounds are the end products of the
flavonoid biosynthetic pathway in plants
and are used by plants for the protection
against predators (Dixon et al., 2005).
Plant polyphenols are also widely present
in the diet (Prior and Gu, 2005) and are
important for human health (Yang et al.,
2001). Cinnamon is one of the traditional
folk herbs used in Korea, China and Russia
for diabetes mellitus (Bailey and Day, 1989;
Chung, 1994). Cinnamon is the bark of the
Cinnamomi cassiae (Lauraceae). Cinnamic
aldehyde (Wijesekera, 1978), cinnamic acid
(Hiromu et al., 1974), tannin (Inokuchi
et al., 1984) and methylhydroxychalcone
polymer (MHCP) (Jarvull-Taylor etal., 2001)
areits main components. Cinnamon extract
decreases blood glucose in Wistar rats
(Qin et al., 2003) and cinnamon increases
the insulin sensitivity and glucose uptake
in adipocytes (Jarvull-Taylor et al., 2001).
Cinnamaldehyde was administered at

different doses (5, 10 and 20 mg/kg bwt)

for 45 days to streptozotocin (STZ) (60 mg/
kg bwt)-induced male diabetic Wistar rats.
It was found that plasma glucose concentra-
tion was significantly (p < 0.05) decreased
in a dose-dependent manner (63.29%)
compared to the control. In addition,
oral administration of cinnamaldehyde
(20 mg/kg bwt) significantly decreased
glycosylated hemoglobin (HbA1C), serum
Total Cholesterol (TC), triglyceride levels
and at the same time markedly increased
hepatic glycogen and
high-density lipoprotein-cholesterol levels.

plasma insulin,
Also cinnamaldehyde restored the altered
plasma enzyme (aspartate aminotrans-
ferase, alanine aminotransferase, lactate
dehydrogenase, alkaline phosphatase and
acid phosphatase) levels to near normal lev-
els (Subash Babu et al., 2007). Cinnamon
exhibits the potential to increase the
amount of proteins involved in insulin
signaling, glucose transport and anti-
inflammatory/anti-angiogenesis response

(Heping et al., 2007).

A cinnamon extract improves the post-
prandial overproduction of intestinal
apoB48-containing lipoproteins by ame-
liorating intestinal insulin resistance and
may be beneficial in the control of lipid
metabolism (Qin et al., 2009). The con-
ventional pharmacological treatments for
type II diabetes have a number of limita-
tions, such as adverse effects and high rates
of secondary failure. However, medicinal
herbs are expected to have a similar degree
of efficacy without the troublesome side
effects associated with conventional drug
treatment. So the aim of this work was
to investigate the effect of administration
Cinnamon Powder (CP) and oral admin-
istration of Cinnamon Aqueous Extract
(CAE) on serum glucose, TC, TL, TGL,
HDL-C, LDL-C, ALT, AST, urea and crea-

tinine in diabetic rats.
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MATERIALS AND METHODS
Sample and chemicals

Commercial cinnamon was obtained
from Giza local market — Giza, Egypt. kits
of glucose; TC; HDL-C; TGL; TL; ALT;
AST; urea and creatinine were obtained
from Biodiagnostic Co., 29 El-Tahreer St.,
Dokki-Giza, Egypt, E-mail Biodiagonstic
eka @ Lycos. Com. STZ was obtained
from Sigma Chemical Co., Saint Louis,

Missouri, USA.

Chemical analysis of cinnamon

Moisture, crude protein, crude fibre, Crude
oil and ash contents were determined
according to the methods outlined AOAC
(2000). Total hydrolysable carbohydrates
were determined according to the method
described by Montgomry (1961).

Extraction of CAE

The CAE was prepared by heating 5, 10 and
15 g cinnamon in 100 ml boiling water for
5 min.

GC/MS spectrum for
cinnamon essential oil

After steam distillation of raw cinnamon
essential oil, GC/MS spectrum (Hp. 5890A
Hewlett Packard type) was used to identify
the components of cinnamon essential oil

as Naglaa (1998).

The conditions of GC/MS
technique

The conditions of GC/MS technique used
were 50 m x 0.2 mm x 0.3 for thickness
film of carbowax20M capillary column; 20
cm/sec. for helium carrier gas; 100:1 for
split ratio; 150°C for injector temperature;

60°C, prog. 3°C/min up to 200°C for oven
temperature; 280°C for transferring temper-
ature; 2 ul for sample volume (1:10 diluted
in alcohol); 10 min for initial time and 60
min for final time. The conditions of MS
selective detector were 8 min. for scan start
delay; 35-350 amu. for scan range(Atom
Mass Unit); 2000 for threshold; 3 scan/sec
for a/d sampling rate and 2000 for electron
multiplier.

Automatic injection

The HP 7673A automatic injector was used

to inject 2.0 wl of sample diluted in ethyl
alcohol (1:10).

Mass spectrum chemstation

The colour computer 10 MHZ 68,010
processor 30.48 cm monitor, 2 Megabyte
RAM with 40 Megabyte Hard disc drive
was used to control and compare the spec-
trum with the other stored in NBS Mass
Spectral library containing over 43,000
compounds.

Biological methods

Male albino adult rats (48 animals weighing
120 g + 2) were obtained from the private
market, Helwan, Giza, Egypt, and then trans-
ported to Animal House of Ophthalmology
Research Institute, Giza, Egypt.

Rats were housed in individual cages
with screen bottoms and fed on basal diet
(corn starch 70%, casein 10%, corn seed
oil 10%, cellulose 5%, salt mixture 4%
and vitamins mixture 1%) for seven days.
After equilibration, rats were weighted
and assigned to one of eight diet groups
(normal, diabetic and six diabetic groups
given CP and CAE) six animals per group
as illustrated in Table 1.
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Diabetes was induced in rats as described
(Dawson et al., 1986) as follows: over night
fasted rates were injected intraperitoneal
by streptozotocin (STZ) at dose 60 mg/kg
bwt. After four days of injection (zero time),
blood samples were taken from each rat
for the determination of serum glucose to
ensure the occurrence of diabetes. Animals
with serum glucose levels of 250-550
mg/100 ml were considered as diabetic
rats. Total body weight of the animals was
recorded at the beginning and during the
experimental period. The extracts (2 ml/
kg bwt) were given orally per 48 hr and the
rats were weighted weekly. Blood samples
were collected from the orbital plexus by
mean of heparinized capillary glass tubes
according Schermer (1967). Each sample
was placed into a dry clean centrifuge tube
and centrifuged 1500 x g for 30 min. at
4°C to obtain serum. Serum glucose was
determined according to the method

described Trinder(1969). TCwasdetermined

according to the method described Allain et
al. (1974), TL were determined according to
the method described Kinght et al. (1972)
and TGL were determined according to

the method described Fossati and Prencipe
(1982).

HDL-C was determined according to the
method described Lopezvirella et al. (1977)
and LDL-C levels and risk ratio were calcu-
lated for serum samples using the formula
of Friedewald et al. (1972) using the follow-
ing equations:

IDLC=TC—_ LG
5+ HDL-C
Risk ratio = LDL-C
HDL-C

Serum transaminases sAST and sALT
(Aspartate transferase and Alanine trans-
ferase)were measured colorimetricallyaccord-
ing to the method described Reitaman and

Table I Composition of diets (%) for male rats
Diet Corn Casein Oil Cellu- Salt Vit. CP (5 CP (10 CP (15
starch lose mixture  mixture gm/100  gm/100  gm/100

gm) gm) gm)

C 70.00 10.00 10.00 5.00 4.00 1.00 S — N

STZD 70.00 10.00 10.00 5.00 4.00 1.00 — — N

CP (5%) 66.47 9.80 9.88 3.85 4.00 1.00 5 — N

CP (10%) 62.92 9.60 9.77 2.7 4.00 1.00 o 10 N

CP (15%) 59.39 9.40 9.65 1.56 4.00 1.00 - o 15

CAE (5%)  70.00 10.00 10.00 5.00 4.00 1.00 . — N

CAE (10%)  70.00 10.00 10.00 5.00 4.00 1.00 . — N

CAE (15%)  70.00 10.00 10.00 5.00 4.00 1.00

Note: C = Control (basal diet); STZD = streptozotocin diabetic rat; CAE = cinnamon aqueous
extract; CP = cinnamon powder (5, 10 and 15 gm/100 gm diet).
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Frankel (1957). Serum urea was determined
according to Fawcett and Soctt (1960) and
creatinine was determined according to the

method of Barthes et al. (1972).

Statistical analysis of data

Data collected from biological evaluation
were statistically analysed using one-way
ANOVA with post-hoc Newman Keuls, test.
P < 0.05 was considered significant. All data
are expressed as mean = S.D.

RESULTS AND DISCUSSION

Diabetes mellitus is becoming a major
public health problem worldwide, includ-
ing in the WHO Eastern Mediterranean
Region. Due to the lack of physical activity
as well as dietary changes, the incidence of
diabetes is increasing at an alarming rate.
Diabetes affects more than 230 million
people worldwide. If the current trend con-
tinues, 370 million people worldwide are
expected to have diabetes by the year 2030
(WHO, 2006). In Egypt, diabetes mellitus
is a major emerging clinical and public
health problem. Considering the popula-
tion distribution of Egypt, in 1993, 5.4%
had diagnosed diabetes and 4.0% had pre-
viously undiagnosed diabetes and the com-
bined prevalence of diagnosed and undiag-
nosed diabetes in the Egyptian population3
20 years of age was 9.3%. When these age-,
sex- and residence-specific diabetes preva-
lence rates are applied to the projected
demographics of the Egyptian population
for the years 1995, 2000 and 2025, the total
number of persons with diagnosed and
undiagnosed diabetes in Egypt will increase
from 3.24 million in 1995 to 3.80 million
in 2000 and to 8.80 million by the year
2025. Between 1995 and 2025, the number

of people with diabetes 65 years of age will
increase 3.6 times, from approximately
515,000 to 1.87 million. The number of
urban residents with diabetes will increase
3.2 times from approximately 2.28 million
to 7.21 million. By the year 2025, 13.3%
of the population 20 years of age will have
diabetes. The elderly will represent 21%
of the total population with diabetes
and urban residents will represent 82%

(William et al., 1997).

So that, a comprehensive strategies to
address the problem of diabetes in Egypt
are urgently needed. And thus could be
achieved via developing a plan for preven-
tion and control this disorder. For example
using some plants for the prevention and
control of type 2 DM, especially for people
with elevated levels of blood glucose and glu-
cose intolerance who have a greater risk of
developing diabetes. In our area of research
we tested the anti-diabetic effect of CP (CP)
and CAE in type II diabetic rats.

Sample of commercial CP was subjected
to chemical analysis with mean of three rep-
licate for every determination. Ash, crude
protein, crude oil, crude fiber and hydrolyz
able carbohydrates. The results showed that
ash; crude protein, crude oil, crude fibre
and hydrolyzable carbohydrates amounted
to 3.4269%, 4.0217%, 2.3207%, 22.9247%
and 69.2911%, respectively.

The chemical composition of cinnamon
essential oil was shown in Table 2; it was
analysed by using GC/MS spectrum. The
results showed that cinnamaldehyde, cin-
namic acid and cinnamyle acetate were
found to be the highest (75.57, 11.91 and
2.83%). Eugenol, linalool, carbophellene,
p-cymene and limoncenene amounted to
1.72, 1.61, 1.44, 1.033 and 1.00%. On the
other hand, a-pinine, mycene, phenyl ethyl
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benzaldehyde and
comphene were found to be lowest (0.64,

0.45, 0.35, 0.34, 0.33 and 0.24%).

alcohol, orterpineol,

These results are partially in accordance
with those (De Paula et al., 2004). That iso-
lated coumarin, p-hydroxybenzoic acid and
cinnamic acid from the methanolic extracts

from leaves of Cinnamon osmophloeum.
Coumarin and its derivatives are known to
exhibit photosensitizing properties and find
that the application as fragrances, pharma-
ceuticals and agrochemicals. Cinnamic acid
and its derivatives, in particular, are widely
found in edible plants produced from the
shikimate pathway and their biological

Table 2 Chemical composition of cinnamon essential oil

Chemical constituent Sub chemical constituents %
1. Cyclic terpines a-pinine 0.64
B-pinine 0.20
Limoncenene 1.00
a-Terpineol 0.34
Total 2.18
2. Aliphatic hydro carbons Mycene 0.45
3. Aromatic hydro carbons p-cymene 1.033
4. Aromatic aldehydes Benzaldehyde 0.33
Cinnamaldehyde 75.51
Total 75.90
5. Aromatic terpine alcohol ~ Phenyl ethyl 0.35
alcohol
Eugenol 1.72
Total 2.07
6. Terpine Ester Cinnamyle acetate 2.83
7. Aliphatic terpine alcohol  Linalool 1.61
8. Sesquterpine Caryophellene 1.44
Comphene 0.24
Total 1.68

9. Aromatic acid

Cinnamic acid

11.91
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Table 4 Effect of CP and CAE on TC,TL and TGL levels (mg/ dI) in normal and
streptozotocin- induced diabetic rats

Treatments TC mg /dl TL mg /dl TGL mg /dl
C 107.83 + 4.39 247.32 £ 12.74 87.31 £ 3.85
STZD 268.03 + 13.89 482.01 +25.78 228.31 £ 10.42
5% CP 181.11 £ 9.65 288.35 + 15.96 119.38 + 4.97
10% CP 150.03 + 7.73 260.70 + 12.04 108.81 + 4.41
15% CP 121.31 £ 5.07 25237 £12.28 100.00 + 4.03
5% CAE 163.23 + 7.59 273.91 = 12.69 111.39 £ 4.86
10% CAE 139.81 + 6.36 253.82 + 13.10 101.31 + 4.96
15% CAE 119.32 + 6.02 251.45 + 12.97 99.91 + 4.55

Note: C = Control (basal diet); STZD = streptozotocin diabetic rat; CP = cinnamon

powder (5, 10 and 15 gm/100 gm diet); CAE = cinnamon aqueous extract. Each value is

mean + SD for six rats in each group.

Table 5 Effect of CP and CAE on HDL-C and LDL-C level (mg/dl) in normal and
streptozotocin- induced diabetic rats

Treatments HDL-C mg/dl LDL-C mg/dl Risk ratio

C 66.80 +2.34 30.01 +£0.58 1.61 £ 0.085
STZD 36.71 £ 0.93 211.97 + 10.16 7.30 £ 0.365
5% CP 46.21 = 1.31 120.31 £5.33 3.92 £0.196
10% CP 53.01 £ 1.96 100.71 £ 6.92 2.83 £0.149
15% CP 63.21 £2.33 61.37 £2.07 1.92 £ 0.101
5% CAE 49.32 £ 1.47 115.81 +5.43 3.32 £0.184
10% CAE 60.21 £ 2.01 75.20 £2.95 232 +£0.912
15% CAE 65.99 +2.67 55.31 £ 1.77 1.81 £ 0.091

Note: C = Control (basal diet); STZD = streptozotocin diabetic rat; CP = cinnamon

powder (5, 10 and 15 gm/100 gm diet); CAE = cinnamon aqueous extract. Each value

is mean * SD for six rats in each group.
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Table 6 Effect of CP and CAE on ALT and AST levels (U/dl) in normal and

streptozotocin-induced diabetic rats

Treatments ALT U/dl AST U/dl

C 16.03 £ 0.79 2818 + 1.31
STZD 65.81 + 3.07 83.71 + 4.01
5% CP 38.21+1.98 35.80 + 1.89
10% CP 2831 +1.29 31.08 = 1.54
15% CP 26.13 £ 1.28 30.12 + 1.59
5% CAE 30.01 £ 1.57 33.07 + 1.74
10% CAE 2731 £1.32 30.11 + 1.67
15% CAE 25.51 + 1.04 30.00 = 1.07

Note: C = Control (basal diet); STZD = streptozotocin diabetic rat; CP = cinnamon powder
(5, 10 and 15 gm/100 gm diet); CAE = cinnamon aqueous extract. Each value is mean + SD
for six rats in each group.

Table 7 Effect of CP and CAE on urea and creatinine levels (mg/dl)
in normal and streptozotocin-induced diabetic rats

Treatments Urea mg/dl Creatinine mg/dl
C 18.99 +0.85 0.65 +0.024
STZD 69.81 = 2.67 4.83 +0.170
5% CP 25.31 £ 1.31 1.01 £ 0.041
10% CP 22.10 = 1.01 1.00 £ 0.040
15% CP 20.99 + 1.07 0.91 £0.038
5% CAE 22.81 £ 1.10 1.00 + 0.046
10% CAE 21.13 £ 0.96 0.99 +0.042
15% CAE 20.81 + 1.06 0.89 + 0.037

Note: C = Control (basal diet); STZD = streptozotocin diabetic rat;
CP = cinnamon powder (5, 10 and 15 gm/100 gm diet); CAE =

cinnamon aqueous extract. Each value is mean + SD for six rats in

each group.
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activities are well described in the literature
(Castelli et al., 1999). Also, Adisakwattana
et al. (2005) investigated the antihyperg
lycemic effect of p-methoxycinnamic acid
(p-MCA), a cinnamic acid derivative, on
plasma glucose and insulin concentra-
tions, activities of hepatic glucose-regulating
enzymes and hepatic glycogen content in
normal and streptozotocin (STZ)-induced
diabetic rats. They found that, p-MCA
administration increased glycogen storage in
diabetic rats by 80%. P-MCA also increased
hepatic G6-P and increased the glucokinase
activity and inhibiting gluconeogenesis in
the liver in diabetic rats. While, McCarty
(2005) reported that Cinnamon contains
hydroxychalcone compounds which inhibit
a tyrosine phosphatase that targets the insu-
lin receptor; thus, these compounds have
the potential to potentiate insulin signal-
ing. Wang et al. (2009) extracted essential
oils from five types of cinnamon leaves and
identified of their volatile compound com-
positions. However, there were significant
difference of volatile compound composi-
tion between species but, trans-Cinnamalde-
hyde was detected to exist in all the species
tested as an important volatile component.

The effect of various doses of CP and
CAE are reported in Table 3 which shows
a comparison between levels of serum glu-
cose in normal and diabetic rats fed for five
weeks. On the starting day (zero time) of the
experiment (after streptozotocin induced
diabetes in rats), the data showed that CP at
5%, 10% and 15% significantly (p < 0.05)
decreased serum glucose after five weeks
from 378.21, 372.71 and 369.31 to 198.32,
168.01 and 130.82 mg/dl, respectively, com-
pared with diabetic group (370.81 to 399.01
mg/dl) of the same groups at the start of
the experiment. Administration of CAE at
5, 10 and 15% significantly (p < 0.05) low-
ered serum glucose from 369. 32, 368.10 and
375.21 to 188.31, 139.91 and 121.81 mg/dl,

respectively.

The data indicated that using 10% and
15% from CP and CAE were more benefi-
cial than using 5% for glucose reduction in
diabetic rats.

This hypoglycemic effect may be due to
the content of CP and CAE from cinnamal-
dehyde (75.57%).

McCarty (2005) mentioned that doses of
1-6 g daily, whole cinnamon decreases the
fasting glucose of diabetics by about 20%.
And, the suggested mechanisms of action
reported by Villasenor et al. (2004) whom
mentioned that insulin producing cells are
functioning and the stimulation of insulin
release could be responsible for most of the
metabolic effects (Sheehan and Zemaitis,
1983). It may be suggested that the mecha-
nism of action of cinnamaldehyde is similar
to glibenclamide. Although a number of
active principles have also been observed
with antidiabetic activity.

Identified polyphenolic polymers from
an aqueous extract of commercial cin-
namon that increase glucose metabolism
several fold in an epididymal fat cell assay
(Anderson et al., 2004). Strong evidence
suggests that cinnamon polyphenols
exhibit insulin-like activity in cells, animals
and people with type II diabetes. Firstly,
a watersoluble Cinnamon Extract (CE),
like insulin, increases the activity of auto-
phosphorylation of the insulin receptor
B (IRP) and decreases the activity of tyrosine
phosphatase in vitro (Imparl-Radosevich
et al,, 1998). Secondly, cinnamon poly-
phenols, like insulin, stimulate glucose
uptake inhibit glycogen synthase kinase-3f3
(Jarvull-Taylor et al., 2001). Thirdly, CE
potentates in vitro insulin-regulated glu-
cose utilisation via increasing glucose
uptake, and prevents insulin resistance
induced by a highfructose diet in rats
(Qin et al., 2003, 2004). It also decreases

glucose and increases insulin in blood of
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rats fed diets containing CE (Verspohl et
al., 2005) and decreases blood pressure
(Preuss et al., 2006). While, Rudkowska
(2009) reported that not all studies have
reported beneficial effects of cinnamon.
More research is needed before cinnamon
can be recommended for treatment of type
2 diabetes. Therefore, studies should be
conducted to determine how specific vari-
ables, such as diet, population type, Body
Mass Index (BMI), glucose levels, cinnamon
type/dose and concurrent medication affect
cinnamon responsiveness.

Lipids play a vital role in the pathogen-
esis of diabetes mellitus. The most com-
mon lipid abnormalities in diabetes are
hypercholesterolemia, hyperlipidemia and
hypertriglyceridemia. In our study, we have
noticed elevated levels of serum lipids such
as cholesterol, total lipid and triglycerides in
diabetic rats to evaluate the role of CP and

CAE on metabolism of TC, TL and TGL.
The effect of CP and CAE oral adminis-

tration during five weeks on lipid pattern is

recorded in Table 4.

The present results indicated that the
levels of serum TL and TGL were highly
significantly decreased to (288.35, 260.70,
252.37, 273.91, 253.82, 251.45 mg/dl) and
(119.38, 108.81, 100.00, 111.39, 101.31,
99.19 mg/dl) at 5%, 10% and 15% CP
and CAE, respectively. Also, a significant
decrease occurred in TC to (181.11, 150.03,
121.31, 163.23, 139.81 , 119.32 mg/dl) at
5%, 10% and 15% CP and CAE, respec-
tively, was observed relatively to STZD. This
indicates that CAE has lasting hypocholes-
terolemic, hypolipidemic and hypotriglycer-
demic effects in diabetic rats.

Spices and natural products have an
effect on cholesterol in humans. Cinnamon
bark has also shown strong lipolytic (abil-
ity to hydrolyze fats) action (Leung and
Foster, 1996). Spices-Murraya Koenigii and

Brassica juncea reduce the concentrations
of cholesterol, TGL and phospholipids in
serum (Khan et al., 1998).

The changes in HDL-C, LDL-C and the
ratio of LDL-C and HDL-C (risk ratio) of
hyperglycemic rats fed on CP and CAE
(5%, 10% and 15%) were investigated. The
results are summarised in Table 5.

The data revealed that HDL-C value close
to the C (66.80 mg/dl) in all treatments
even in STZD (36.71 mg/dl) except those
administrations CP and CAE (46.21, 53.01,
63.21 and 49.32, 60.21, 65.99 mg/dl) at
5%, 10% and 15%, respectively. These val-
ues were near that observed for C. LDL-C
increased from 30.01 in C to 211.97 mg/
dlin STZD.

It could be said that in hyperglycemic
rats LDL-C significantly (p < 0.05) high
compared with C. In addition, administra-
tion of CP and CAE significantly decreased
LDL-C in rats. It was increased to 211.97
mg/dl in STZD and decreased to 120.31,
100.71,61.37and 115.81,75.20,55.31 mg/dl
in rats taken 5%, 10% and 15% CP and
CAE respectively.

These values are close to the C. The risk
ratio was increased to 7.30 in STZD as com-
pared with C (1.61). It decreased to 3.92,
2.83,1.92 and 3.32, 2.32, 1.81 in rats taken
5%, 10% and 15% CP and CAE, respec-
tively. The increase in HDL-C and decrease
in LDL-C may be due to the increase in
hepatic HDL-C binding activity and sig-
nificant increase in hepatic LDL-C recep-
tor activity. HDL-C is an antiatherogenic
lipoprotein. It transports cholesterol from
peripheral tissues into the liver and thereby
acts as a protective factor against coronary
heart disease. The level of HDL-C, which
increased after cinnamaldehyde administra-
tion, might be due to the increase in the
activity of lecithin cholesterol acyl trans-
ferase (LCAT), which may contribute to the
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regulation of blood lipids (Patil et al., 2004).
Cinnamon was shown to decrease the level
of glucose, triglycerides and LDL cholesterol
in people with type II diabetes (Khan et al.,
2003). Administration of CP and CAE low-
ers serum LDL-C, and also increases the
serum HDL-C level in diabetic rats.

The activities of ALT and AST were
determined in serum to evaluate the role of
CP and CAE on liver functions. The results
are shown in Table 6. The increase in the
activities of serum ALT and AST indicated
that diabetes may be induced due to liver
dysfunction.

Data of ALT activity showed that it
increased in serum of hypoglycemic rats
from 16.03 in C to 65.81 U/dl in STZD.
On the other hand, serum AST activity was
also increased from 28.18 in C to 83.71 U/
dl in STZD; all these values are highly sig-
nificant. The effect of CP and CAE admin-
istration during five weeks on ALT and
AST are recorded in the same Table. The
results showed that the activity of serum
ALT and AST highly significantly decreased
from 65.81 and 83.71U/dl in STZD to
38.21, 28.31, 26.13U/ dl and 35.80, 31.08,
30.12U/dl after administration of CP at
5%, 10% and 15% to hyperglycemic rats for
five weeks, respectively.

The activity of serum ALT and AST
highly significantly decreased to (30.10,
27.31, 25.51 U/dl) and (33.07, 30.11, 30.00
U/dl) after oral administration of CAE at
5%, 10% and 15%, respectively, compared
with STZD (65.81 and 83.71 U/dl). The
present findings are in agreement with
those obtained by Subash Babu et al. (2007)
whom said that the activities of plasma
enzymes AST, ALT, LDH, ALP and ACP
significantly (p < 0.05) increased in diabetic
rats compared to controls. Oral administra-
tion of cinnamaldehyde for 45 days signifi-
cantly restores the enzyme levels to near nor-
mal in diabetic rats.

Urea and creatinine values in serum
of streptozotocin-induced diabetic rats
after five weeks (mg/dl) are presented in

Table 7.

Data showed that the level of urea and
creatinine in rats as administration and
oral administration different levels of CP
and CAE. C showed the lowest levels, while
STZD gave the highest levels of these param-
eters. Data of urea and creatinine, showed
that they increased in STZD from 18.99 and
0.65 to 69.81 and 4.83 mg/dl, respectively
compared with C.

Also, the results showed that the level of
serum urea highly significantly decreased
from 69.81 in STZD to 25.31, 22.10, 20.99
mg/dl after administration of CP (5%, 10%
and 15%), respectively, and to 22.81, 21.13,
20.81 mg/dl after oral administration of
CAE (5%, 10% and 15%), respectively. In
the same table, the effect of CP and CAE
at 5%, 10% and 15% on serum creatinine
showed a significant decrease from 4.83 in
STZD to 1.01, 1.00, 0.91, 1.00, 0.99 and
0.89 mg/dl after administration of CP and
oral administration of CAE at 5%, 10%
and 15%, respectively. Administration
of CP and oral administration of CAE
for five weeks significantly restores urea
and creatinine levels to near normal in
diabetic rats.
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