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ABSTRACT

In an attempt for utilization of some common
spices, cinnamon bark, clove bud and ginger rhi-
zom are popular implementations because of their
flavoring and antioxidative activity, which mainly
comes from polyphenols. The aim of the study was
to investigate the effect of spices or their essential
oils compared with Diamicron30MR (60mg /100g
diet) on the occurrence of oxidative stress in serum
of induced diabetic rats by measuring the extent of
oxidative damage as well as the status of the anti-
oxidant defense system. Albino rats weighing 150
x 5 g were injected with STZ (50 mg/kg) intraperi-
toneally for induction of diabetes mellitus. Rats
were divided into 17groups (each of 8 rats) of non-
diabetic ,diabetic non-treated and diabetic treated
rats with spice powders or their essential oils and
mixtures. After B8 weeks, the diabetic rats fed on
spices or their essential oils significantly decreased
levels of biood glucose and significantly increased
insulin level. The treatment also resulted in a sig-
nificant improvement in lipid profile, liver functions
and kidney functions. However, a significantly in-
crement in the activities of giutathione peroxidase
(GPH-Px) and concentration of glutathione (GSH)
were observed in blood of diabetic rais treated with
all of the essential oils. The treated groups showed
a significant decrement in thiobarbituric acid reac-
tive substances (TBARS) in serum. Since the study
of induction of the 1edox enzymes is considered to
be a reliable marker for evaluating the antiperoxi-
dative efficacy of the spices, these findings sug-
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gest a possible antiperoxidative role derived from
such essential oils. Treatment with spices or their
essential oils reduces the hepatic, renal, pancre-
atic and cardiac histopathological abnormalities
associated with STZ — induced diabetes mellitus.

INTRODUCTION

Oxidative stress, defined as an imbalance be-
tween oxidants and antioxidants leads to many
biochemical changes and is an important causative
factor in several human chronic diseases, such as
atherosclerosis and cardiovascular diseases,
mutagenesis and cancer, several neurodegenera-
tive disorders and the aging process (Vijayakumar
et al 2006). Diabetes mellitus is one of these dis-
eases and it is estimated that the number of dia-
betic patients will continue to increase in the future
(Furusho et al 2002). Diabetes is a multifactorial
disease, which is characterized by hyperglycemia
and lipoprotein abnormalities (Scoppola et al
2001). These traits are hypothesized to damage
cell membranes, which results in elevated produc-
tion of reactive oxygen species (ROS). This gen-
eration of oxygen-free radicals during ceflular me-
tabolism, and by certain environmental factors,
including lifestyle appears to play a critical role in
the pathogenesis of diabetes (Hartnett et af 2000).
Anti-oxidants provide protection to living organism
from damage caused by uncontrolled production of
ROS concomitant lipid peroxidation, protein dam-
age and DNA strand breaking. Many minor com-
ponents of foods, such as secondary plant me-
tabolites, have been shown to alter biological proc-
esses, which may reduce the risk of chronic dis-
eases in diabetic humans (Gupta et al 2008). Cin-
nameon is one of the traditional folk herbs used in
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Korea, China and Russia for diabetes meiflitus.
Cinnamon is the bark of the Cinnamomi cassiae
(Lauraceae). Cinnamic aldehyde, cinnamic acid,
tannin  and methylhydroxychafcone  polymer
{(MHCP) (Badee et al 2005a) are its main com-
ponets. Qin et af (2003); Alam et af (2003}; Kim
et al {2006) and Subash Babu et al (2007) have
recently reported that cinnamon extract decreases
blood glucose in rats, has hypoclipidemic effect
{Lee et al 2003; Badee et al 2005b and Kannap-
pan et al 2008}, increases the insulin sensitivity
and glucose uptake in adipocytes (Jarvull-Taylor
et al 2001). Clove was also the most bioactive,
followed by witch hazel, green and black tea, all-
spice, bay leaves, nutmeg,cinnamon, mushrooms
and brewer's yeast (Broadhurst et al 2000). Spe-
cific ptant-derived compounds also regulate glu-
cose metabolism (Prasad et al 2005).

Zingiber officinale Roscoe (family, Zingib-
eraceae), known commonly as ginger, is con-
sumed worldwide in cockeries as spice and fiavor-
ing agent. It has been used as spice and medicine
for thousands of years. Antioxidants in ginger in-
clude gingercls, shogaols and some related phe-
nolic ketone derivatives. lts dried exiract contains
monoterpens and sesquiterpens. Ginger extract
has antioxidative properties and scavenges super-
oxide anion and hydroxyl radicals (Badee et af
2005b). Feeding rats on ginger significantly ele-
vated the activity of hepatic cholesterol 7
a-hydroxylase which is a rate-limiting enzyme in
the biosynthesis of bile acids and stimulates the
conversion of cholesterol to bile acids leading to
the excretion of cholesterol from the body (Srini-
vasan and Sambaiah 1991). Ethanolic ginger-
extract consumption has also been shown to re-
duce plasma cholestercl and inhibit LDL oxidation
in atherosclerotic, apolipoprotein E-deficient mice
{Ahmed et a/ 2000 and Fuhrman et al 2000).
Afshari et a/ (2007) and Al-Qattan et al (2008)
have recently reported that ginger extract de-
creases blood glucose in rats.

The present study was undertaken to investi-
gate the effect of spices or their essential oil ex-
tracts of cinnamon, clove and ginger on strepto-
zotocin-induced diabetic comparing to Diamicron
30MR.

MATERIALS AND METHODS

Materials

Spices: the following spices, Cinnamon (Cin-
namorum zeylancium), Clove (Syzygium aromali-

cum} and Ginger { Zingiber officinale ) were pur-
chased from Pharmaceutical Science Laboratory,
National Research Centre, Giza, Egypt.

Diamicron30MR was purchased from a phar-
macy.

Streptozotocin: was purchased from Sigma
Chemical Co. { St.L.ouis. Mo).

Kits of (Glucose, Total cholesterol, High density
lipoprotein cholesterol (HDL), Low density lipopro-
tein cholesterot (LDL), Triglycerides (TG), Alanine
amino transferase (ALT), Aspartate amino trans-

ferase (AST), Alkaline phosphatase (AP),
Creatinine, Urea, Uric acid, Malondialdehyde
(MDA), reduced Glutathione (GSH) and Glu-

tathione peroxides (GSPX) were cbtained from
Randox laboratories Ltd., Diamond Road, Crum-
lin, Co., Antrim, United Kingdom, BT294QY. The
insulin kit was obtained from Biosource Europe
S.A., B-1400 Nivelles, Belgiumn. Insulin was meas-
ured by Ins-ELISA.

Methods

Extraction of essential oils from spices: The
essential oils of cinnamon, clove and ginger fruits
were obtained by water distiliation using a
(Clevenger-type apparatus) for 4 hours, The sepa-
rated voiatile oif was dried over anhydrous sodium
sulphate before holding glass boltles at -20°C,
according to Guenther (1561).

Animal feeding experiment

Hundred thirty six young male Albino rats, av-
erage weight of 15015 g., raised in the animal
house of the Ophthalmology Research institule,
Giza , Egypt, were used in the present study, The
rats were kept under normal healthy laboratory
conditions; temperature was adjusted at 25 + 2 C
and 12 hour light — dark periods. Animals were
adapted on free access of water, and fed for one
week on standard basal diet before the initiation of

the experiment.

Composition of the basal diet (g/kg): Ca-
sein, 10%; cellulose, 5%; corn oil, 10%; corn starch,
70%; salt mixture, 4% and vitamin mixture, 1%
according to Lane Peter and Pearson (1871).

Design: After the adaptation period, diabetes mei-
litus was induced by intraperitoneal injection of 50
mg/kg body weight streplozotocin dissolved in 0.2
m mote sodium citrate at pH 4.5 according to the
method described by Lutz and Pardridge {1993).
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Blood samples were coliected after 48 hours of
injection and glucose levels were determined. Rats
with blood glucose levels about 320 mg/d! were
considered to be diabetic animals. Seventeen
groups of rats (8 rats each) were studied according
to the following scheme for 60 days: {N. control)
negative control (non diabetic rats), (P. control)
positive control (untreated diabetic rats), (Diami-
cron} diabetic rats fed on basal diet containing
Biamicron30MR (60 mg/100 g diet ), (cinnamon
2.5g) diabetic rats fed on basal diet containing cin-
namon powder {2.5 g / 100 g diet), {clove 2.5g)
diabetic rats fed on basal diet containing clove
powder (2.5 g /100 g diet),(ginger 2.5g) diabetic
rats fed on basal diet containing ginger powder
(2.5 g 100g diet),{cinnamon + clove 2.5g) diabetic
rats fed on basal diet containing a mixture of 1:1
cinnamon and clove powders {2.5 g /100 g diet )},
{cinnamon+ ginger 2.5g) diabetic rats fed on basal
diet containing a mixture of 1:1 cinnamon and gin-
ger powders (2.5g / 100 g diet ), {clove + ginger
2.5¢g) diabetic rats fed on basal diet containing a
mixture of 1:1 clove and ginger powders (2.5 g /
100 g diet }, (cinnamon + clove + ginger 2.5g) dia-
betic rats fed on basal diet containing a mixture of
cinnamon, clove and ginger powders by ratio of
1:4:1 (2.5 g 100 g diet), (cinnamon 0.9%} diabetic
rats fed on basal diet containing cinnamon essen-
tial oil {0.9 g/100 g oil ),(clove 0.9%]) diabetic rats
fed on basal diet containing clove essential oil (0.9
g/M00 g oil), {ginger 0.9%) diabetic rats fed on
basa! diet containing ginger essential oil (0.9 g/100
g ail ), {cinnamon + clove 0.9%) diabetic rats fed
on basal diet containing a mixture of 1:1 cinnamon
and clove essential oils { 0.9 g/100 g oil), (cinna-
mon + ginger 0.9%) diabetic rats fed on basal diet
containing a mixture of 1:1 cinnamon and ginger
essential oils { 0.9 g/100 g oil}, {clove + ginger
0.9%) diabetic rats fed on basal diel containing a
mixture of 1.1 clove and ginger essential oils { 0.9
g/100 g «il), (cinnamon + clove + ginger 0.9%}
diabetic rats fed on basal diet containing a mixture
of 1:1:1 cinnamen, clove and ginger essential oils
(0.9 g /100 g oi!) Badee ef al (2005b).

Biochemical parameters

Growth of rats: The rals were weighed twice
weekly; total feed intake of each rat was weighed
and feed conversion efficiency, (gain of rat weigh /
total feed intake, g} was calculated. At the end of
the experimental period, rats were weighed and
killed.
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Biochemical assay: At the end of experimental
period, biood samples were collected from the
animals from the eye plexuses on ice. Each sam- -
ple was collected into both heparinized tubes to
obtain the plasma and inte a dry clean centrifuge
glass tube without any coagulant to prepare se-
rum. Blood was left for15 min at room temperature,
then the tubes were centrifuged for 15 min at 3000
rpm and the cliean supernatant serum was kept
frozen at -20°'C until the time of analysis. Serum
glucose and insulin were determined by Trinder
(1969) and Temple et al (1992}, respectively. Total
cholesterol (TC.), high density lipoprotein (HDL},
low density lipoprotein (LDL), VLDL- cholesterol
and triglycerides {TG.) in serum were determined
by using the methods described by Waston
(1960); Assmann {1979); Wieland and Seidel
(1983); Wallach (1992) and Fossati and Pren-
cipe (1982}, respectively. Liver function in serum:
Alanine aminotransferase (ALT) and asparate
aminotransferase (AST) activities were assayed by
the method of Bergmeyer and Harder {19886).
Alkaline phosphatase (ALP) activity was measured
using the method of Varley et al {1980). Kidney
function in serum: Creatinine was measured using
the method of Henry {1974} and urea was meas-
ured using the method of Fawcett and Scott
(1960}. The lipid peroxidation level (Malondialde-
hyde, MDA) in serum was determined by the col-
orimetric method described by Meltzer et al
{1997). Total reduced glutathione (GSH) in eryth-
rocyles and glutathione peroxidase activity in blood
(GSPX) were measured calorimetrically according
to the method of Eilman (1959) and Rotruck et al
{1973}, respectively.

Histopathological examination: Samples from
the liver, kidneys, pancreas and heart were col-
lected from rats in all groups at the end of experi-
ments (60 days), fixed in 10% neutral buffered
formalin, dehydrated in alcohol, cleared in xylol
and embedded in paraffin. Thick sections (4p)
were prepared and stained with Hematoxylene and
Eosin (Yoon et af 2001).

Statistical analysis: The obtained resulls were
subjected to statistical analysis using the standard
analysis of variance as outlined by Snedecor and
Cochran (1980).

RESULTS

Data presented in Table (1) show that initial
body weights did not significantly differ among the
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Tabie 1. Effect of cinnamon, clove and ginger powders and their essential oils on body and organ weights of experimental diabetic rats

Feed conversion 1
Treatments Initiai Final efficiency, (F.C.E) Liver Kidney Heart Brian Spleen
{g) {g) {g gain /g feed } % % % Y% %
N. control 154.3" £0.667 228.09+1.155 0.079% £0.002 350°+ 0174 | 0.77°:0015 | 0.32°+0003 | 0.59%+0042 | 0.22%+0.003
P. controt 154.0%+1.000 188.01£1.155 0.040°£0.002 4807+ 0059 | 1.18°+0.0861 051°£0027 | 068°+£0.010 | 0.35°£0.012
Diamicron 154.0°+1.900 205.0'+2.887 0.057 * +0.002 5.06°£0129 | 1.21°+0.107 | 0.53°#0.030 | 0.66°+0.009 | 0.36%+0.022
Powders
Cinnamon (2.5g) 155.0%:0.577 | 249.3%:1.764 0.098° +0.002 I 361°:0087 | 0.77°£0073 | 0.32°:0022 | 066°+0.015 | 0.24%:0.020
Clove (2.5} 154.07+0.577 218.0" +2.082 0.068 * £0.003 364°+0.168 | 0.80°+0.033 0.33°20008 | 065°+0.012 | 0.23°+ 0,000
Ginger (2.5g) 1543740333 | 257.0°+1.732 0.104 %+ 0.001 363°:0.162 | 082°:0087 | 034"+0024 | 0687+0019 { 0.24%+0.042
Cinnamon+ Clove (2.5g) 153.3°20.882 | 2227%+3.180 0.076 *®+0.003 376°+0075 | 083°+0070 | 03540027 | 069°+0012 | 0.26°+0.023
Cinnamon+ Ginger (2.5g) ' 153.7°:0.882 | 222.7%1.333 0.075%° £0.002 379°:0113 | 0.78"+ 0026 0.37°+£ 0022 | 064°+0.017 | 0.25"+0.023
Clove+ Ginger (2.5g) 154.0%40.577 | 225.0°+2.646 0.076® £0.004 360°£0.057 | 0.80%:0072 | 0.34°20009 | 065°:0.017 | 0.27°+0.035
Cinnamont+ Clove+ Ginger (2.5g) 154.3°30.333 | 228.09:2.848 0.080°°+0.005 3.71°20113 | 0.80°+0.088 [ 035°+0.015 | 0677 +0024 | 0.26%+0.012
Essentlal olls
Cinnamon (0.9%) 153.3%40.882 | 262.0"13.055 0.094 * +0.003 3.53°£0.295 | 079°%0045 | 0356°£0033 | 069°+£0.032 | 025°+0.035
Clove {0.9%) 153.77+0.667 | 234.0%+2.082 0.071%°£0.002 3.51°£0.350 | 0.78%:0.052 034"+ 0040 | 0.65°+0.012 | 0.25°+0.055
Ginger (0.9%) 153.7°+0.667 | 277.0°%1.528 0.104 ° +0.001 3.43°+0015 | 074°+0.069 | 0.33°20026 | 0.67°+0.054 | 0.26"% 0.027
Cinnamon+ Clove (0.9%) 1543941202 | 242.7%£2.028 0.075% £0.001 370°10.122 0.81°20.30 0.36°+0.026 | 0.66°+0.024 | 0.25%+0.023
Cinnamon+ Ginger (0.9%) 163.7°40.882 | 240.0%x2.082 0.074*+0.003 368°+0.096 | 0.80°:0.052 | 039°+0017 | 069°+£0032 | 0.26%+0.023
Clove+ Ginger (0.9%) 154.3°1.202 | 243.0:1.528 0.078%+0.002 | 365°20.130 { 0.79°x0085 | 031720018 | 067%+0.020 | 0.25%+0.032
Cinnamon+ Clove+ Ginger (0.9%) | 154.7°+0.882 | 239.7%+1.453 0.074 * £0.001 3.60°1 0.061 0.80" + 0.054 034°+0.023 | 064°+0.022 | 0.26°+0.026
LsD _
2,061 J 5.912 [ 0.05259 L 0.4463 I 0.1896 1 0.0744 0.07438 ] 0.07438

- Means, within the same column, followed by the same letter are not significantly different at <0.05.
- Means are followed by the corresponding standard deviation.
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groups and at the end of experiment, regardless of
the diet variation, there was increased significant
differences among all the tested rat groups, except
in case of the (P. control) diabetic which was sig-
nificantly decreased (34.72 %) in food consump-
tion and also decreased (49.36 %) in body weight
comparing to non-diabetic control group. Spices or
their essential oils and mixtures increased food
consumption insignificantly and increased the body
weight in diabetic rats .The same Table shows no
significant differences in brain %, among all the
tested rat groups and the significant differences in
the corresponding records, calculated as % of the
final weight, that was due to the significant varia-
tions in rat weights, The variances in weights of
experimental rat organs are also monitored for
indirect diabetes diagnosis and it was reported that

the weights of the liver, kidney, heart and spieen
were increased in diabetic rats. On contrary, there
were no significant differences in liver, kidney,
heart and spleen weights of the tested rat groups.
Table (2) displays the levels of serum glucose
and insulin hormone in normal and experimental
animals. The data revealed a significant increased
elevation (222.83 %) in bicod glucose and a
significant decline in insulin levels (41.61 %} in
(P. control) diabetic rats compared to (N. control)
normal rats. Supplemented administration of
diamicron30MR; cinnamon, clove and ginger
spices or their essential oils and mixtures to dia-
betic rats significantly decreased the level of blood
glucose and significantly increased the level of
insulin compared to (P. control) control diabetic

group,

Table 2. Effect of cinnamon, clove and ginger powders and their essential oils on
serum glucose and insulin concentrations in experimental diabetic rats

Treatments Glucose Insulin
{mg/dl} (g 1U/m]}
N. control 83.17" £0.008 46.62°£0.716
P. control 268.50%+0.318 27.22° £0.508
Diamicron 118.00% £0.196 39.65°+0.375

Powders

Cinnamon (2.5g)

Clove (2.5g)

Ginger (2.5g)

Cinnamon+ Clove (2.5g)
Cinnamon+ Ginger (2.5g)
Clove+ Ginger (2.59)
Cinnamon+ Clove+ Ginger (2.5g)

150.25° +0.289
150.29° +0.167
150.58 ° £0.162
150.67 © +0.387
150.24° +0.139
150.93 ° £0.537
158.78 ° £0.450

30.82° 10.473
30.62°+0.117
31.19°+0.687
30.61°+0.352
31.21°+0.109
30.92°+0.531
28.91% £0.121

Essential oils

Cinnamon (0.9%)

117.50 % £0.635

39.80° +0.260

Clove (0.9%) 117.67 * £0.387 40.00°+0.312
Ginger (0.9%) 117.36 ™ 10.370 39.86° +0.497
Cinnamon+ Clove (0.9%) 117.65% £0.953 39.98" 40.393
Cinnamon+ Ginger (0.9%) 117.20% £0.231 40.17°+0.008
Clove+ Ginger (0.9%) 117.65% 10.260 39.86° +0.497
Cinnamon+ Clove+ Ginger {0.9%) 116.90° £0.266 40.57"° £0.231
LSD
1067 | 1.008

- Means, within the same column, followed by the same letter are not significantly different at <0.05.

- Means are followed by the corresponding standard deviation.
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The oxidation stress (STZ) significantly in-
creased serum f{otal cholesterol (TC), low-density
lipoprotein- cholesterol (LDL-C), triglycerides (TG)
and very low- density lipoprotein-cholesterol (VLDL
- C) .While HDL- cholesterol was significantly de-
creased, as shown in Table {3). Administration of
the tested antioxidants improved or returned these
values to the normal ones.

Administration of STZ produced significantly
adverse effects on the liver functions and kidney
functions of the rats, which are evidenced by a
significant increase in the activities of ALT, AST
and ALP enzymes and kidney functions (cealinine
and urea} as compared with normal (Table 4).
Treatment of diabetic rats with cinnamon, clove
and ginger spices or their essential oils and mix-
tures exhibited improvement in liver and kidney
functions compared to diabetic rats.

Table (5} show the levels of malonaidehyde
(MDA), GSH-Px activity and reduced GSH in nor-
mal and experimental rat groups. The maloalde-
hyde (MDA) was significantly increased, while the
activity of GSH-Px and reduced GSH were signifi-
cantly decreased in (P. control) diabetic rats, when
compared with the (N. control) normal group. Sup-
plementation of the experimentai diabetic rat
groups with cinnamon, clove and ginger powders
or their essential oils and mixtures extracts in-
creased the GSH-Px activity and reduced GSH
tevel in blood.

Figure {1) showed the microscopic examina-
tion of the liver of the tested rat groups. N. control
(untreated rat group) revealed a normal histologi-
cal structure of hepatic lobule (Slide 1). Meanwhile,
the liver of rat from p. contro!l (diabetic group)
showed kupffer cells activation, necrosis of spo-
radic hepatocytes as well as simusoidal leucocyto-
sis (Slide 2). However the liver of diabetic rat
treated with diamicron30MR showed hydropic de-
generation of hepatocytes as well as simusoidal
leucocytosis (Slide 3) in addition to congestion of
hepatoportal biood vessels and edema in the por-
tal triad in some examined sections .While, the
liver of rat from group {cinnamon 2.5g and cinna-
mon + ginger (2.5g )] showed vacuolization of
some hepatocytes (Slide 4). Moreover, the fiver of
rat from group (clove 2.5g) showed hydropic de-
generation of hepalocytes and simusoidal leucocy-
tosis (Slide 5). Whereas, the liver of rat from group
{ginger 2.59) showed, sfight kupffer cells activation
(Slide 8). Hydropic degeneration of some hepato-
cytes as well as necrosis of sporadic hepatocytes
(Slide 7) was observed in fiver of rat from group
[cinnamon + clove (2.5g) and clove + ginger

(2.59)}. Meanwhile, the liver of rat from group [cin-
namon + clove + ginger (2.5g )] showed vacuoliza-
tion of hepatocytes (Slide 8). In addition, the liver
of rat from all groups fed on all essential oils
showed no changes with apparent normal hepato-
cytes. On the other hand, Figure {1) showed also
the microscopic examination of the kidney of the
tested rat groups. N. control (untreated rat group)
revealed a normal histolegicai structure (Slide 9).
Meanwhile, the kidney of rat from p. control (dia-
betic group) showed vacuolation of epithelial lining
renal tubutes {Slide 10), dilatation and congestion
of renal blood vessels associated with hypertrophy
of glomerular tufts (Slide 11) were noticed in exam-
ined sections of kidneys from diabetic rat. How-
ever, the kidney of diabetic rat treated with diami-
cron30MR showed granularity of epithelial lining
renal fubules as weli as atrophy of some glomeru-
lar tufts (Slide 12}, revealed vacuolations of epithe-
lial lining some renal tubules associated with
pyknosis of some nuclei {Slide 13). The kidney of
rat from groups [cinnamon 2.5q, clove 2.5g, ginger
2.5g, cinnamon + clove (2.5g), cinnamon +ginger
(2.5g) and clove+ ginger{2.5g)}] showed congestion
of renal blood vessels (Slide 14).Meanwhile, the
kidney of rat from. group [cinnamon + clove + gin-
ger (2.5g)] showed vacuolations of epithelial lining
renal tubules (Slide 15), dilatation and congestion
of renal blood vessels (Slide 16). In addition, the
kidney of rat from alt greups fed on alt essential
oits showed no changes with apparent normal his-
tological structure.

Figure (2) showed the microsceopic examina-
tion of the pancreas of the tested rat groups. N.
control {(untreated rat group) revealed a normal
histological structure (Slide 1). Meanwhile, the
pancreas of rat from p. control (diabetic group)
showed a focal pancreatic hemorrhage (Slide 2),
cystic dilatation of pancreatic duct and atrophy of
langerhan's istel's (Slide 3). However, pancreas of
diabetic rat treated with diamicron30MR showed
vacufar degeneration of epithelial lining pancreatic
acini {Slides 4 and 5).While, pancreas of rat from
groups [cinnamon 2.5g, clove 2.5g, ginger 2.5g,
cinnamon + clove (2.5g), cinnamon +ginger (2.5g)
and clove+ ginger(2.5g)] showed vacular degen-
eration of epithelial lining some pancreatic acini
(Slide 6).Meanwhite, the pancreas of rat from
group [cinnaman + clove + ginger (2.5g)] showed
cystic dilatation of pancreatic duct (Slide 7) and
hyperplasia of B celis of langerhan's islet's (Slide
8). In addition, the pancreas of rat from all groups
fed on all essential ¢ils showed no changes with
apparent normal histological structure. in addition, -
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Table 3. Effect of cinnamon, clove and ginger powders and their essential oils on serum total cholesterol, HOL and triglycerides levels in
experimental diabetic rats

Treatments TC (mg/d!) HBL -C (mg/dl) LDL -C (mg/dl) VLDL -C (mg/d!) TG (mg/di)

N. control 72.50'+ 0.404 43.81°+0.335 10.92° + 0.060 12.73'£0.046 63.67%+0.242

P. control 184.3%£1.016 36.17°+ 0.242 119.9%+0.490 27.36°+£ 0.055 136.8%+0.272

Diamicron 79.53° + 0.421 44.64°+ 0,081 18.08%+ 0472 16.63°% +0.023 83.16°+0.115
Powders

Cinnamon {2.5g)

85.55°+ 0.867

40,17+ 0.185

26.34°+ 0,733 19.13° + 0.058 95.67°% + 0.286
Clove (2.5g) 86.00°% 0.139 39.56% + 0.208 26.82° & 0.257 19.25° £ 0.064 96.29°° +0.318
Ginger {2.5g) 85.89°x 0.410 39.90% 0.242 26.53° £ 0,247 19.06° +0.046 95.30% £ 0.231
Cinnamon+ Clove (2.5g) 86.81°+ 0.162 39.95%+ 0.029 27.19°20.043 19.24° £ 0.046 96.23° +0.223
Cinnamon+ Ginger (2.5g) 86.29°+ 0.251 39.59°+ 0.177 27.19° £ 0.569 18.10° + 0.035 9552 £ 0.171
Clove+ Ginger {2.5g) 86.71°+ 0.075 39.78% £ 0.046 2721+ 0054 19.29° £ 0.032 96.46° £ 0.162
Cinnamon+ Clove+ Ginger (2.5g) 90.40° + 0.398 38.94° + 0.368 31.47°+0.821 19.72° + 0.101 98.66° + 0.508

Essential oiis
Cinnarmon (0.9%) 78.85%+ 0.514 45.63" £ 0.502 16.25% + 0.046 16.48" + 0.087 82.40% +0.433
Clove (0.9%) 79.20™ £ 0.185 45.73" + 0.098 16.56° + 0.239 16.55% + 0.043 82.75% + 0.208
Ginger (0.9%) 78.91%° + 0.084 45.80°+ 0.318 16.52°+ 0.290 16.38 ° £ 0.061 81.94 " £0.308
Cinnamon+ Clove (0.9%) 78.55"+ 0.185 45.85° + 0.029 15.84% £ 0.271 16.43% + 0.097 82.19% + 0.498
Cinnamon+ Ginger (0.9%) 78.25° + 0.144 45.88" + 0.046 15.34" £ 0.056 16.51% + 0.040 82.57% + 0.201
Clove+ Ginger (0.9%) 78.13°+0.277 45.77°+ 0.058 15.56 % + 0.229 16.48% 1 0.098 82.42° £0.491
Cinnamon+ Clove+ Ginger (0.9%) 78.18% + 0.364 46.25°+ 0.260 15.22' £ 0.133 16.46 ™ + 0.218 82.32% £ 1.087
LSD
| 1118 06548 | 1,066 02292 | 1.145

- Means, within the same column, followed by the same letter are not significantly different at <0.05.
- Means are followed by the corresponding standard deviation,
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Table 4. Effect of cinnamon, clove and ginger powders and their essential oils on the liver function and kidney function levels in experi-

mental diabetic rats

Liver functions

§1.00° +0.452

29059 +1.120

52.39° +0.473

Kidney functions
Treatments
ALT (UiL) AST (UIL) ALP (UiL) Urea {mg/di) Creatnen (mgldl)
N. control 22.05+0.237 28.809 +1.426 70.85" £0.387 22.69'+0.178 0.071° £0.085
P. control 56.49° £1.311 67.64° +63.164 278.6° +1.975 62.73% +2.537 1.307 ® +0.033
Diamicron 59.37% +1.241

[ 1.223910.026

Powders

Cinnamon (2.5g)

Clove (2.5g)

Ginger (2.5g)

Cinnamon+ Clove (2.5g)
Cinnamon+ Ginger (2.5g)

Clove+ Ginger (2.59)

Cinnamon+ Clove+ Ginger (2.5g)

27.77°£1.236
28.14* +0 600
27.68% +1.951

28.37 % +0.096
27.86" £0.043
28.63° 10.266
30.10° +0.058

35.64° +0.600
37.87 %1247
36.55°% +1.680
36.48 % +0.191
36.12° 20.086
38.26 “40.110
39.73°+2 633

121.2°+2.194
123.7% +1.184
122.8 % +1.801
121.2° +0.346
121.4% $0.332
122.3% +0.315
132.7 ° +1.241

40.83%+0.229
40619 +0.407
40.71°% £0.808
41.589+0.203
40.699 +0.197
42.32°% £0.146
47.90° +0.428

0.980° 0,012
0.966™ +0.019
0.970™ +0.012
0.980° +0.046
0.960™ +0.017
0.993° 10.026
1.223° +0.032

Essential oils

Cinnamon (0.9%) 24637 +2.044 32.51" +0.064 86.74'+2.610 35.81° £0.227 0.843%10.029
Clove (0.9%) 25.29'+1.796 32.90% +1.617 87.88'11.472 35.90° +0.398 0.850“ 40.012
Ginger (0.8%) 24.97"+1.045 31.74' +0.878 87.14" £1.236 35.86¢ +0.047 0.853°+0.018
Cinnamon+ Clove (0.9%) 25341 £0.123 32.78% £0.344 87.45'+0.318 36.41° +0.120 0.880° £0.012
Cinnamon+ Ginger (0.9%) 24.62"+0.192 32.62"10.215 86.34'9+0.127 34.65° +0.084 0.856 ¢ £0.020
Clove+ Ginger (0.9%) 25.54 % +0 225 33.00° £0.289 87.65'+0.226 35.66 ° £0 241 0.860 0,035
Cinnamon+ Ciove+ Ginger (0.9%) 23.82"9+1.951 | 30.29" +1.259 84.08° +0.456 35.51° +0.324 0.806¢ +0.027
LSD
T 2.214 2.861 2.266 1.978 L 0.09109

- Means, within the same column, foliowed by the same letter are not significantly different at <0.05.
- Means are followed by the carresponding standard deviation.
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Table 5. Effect of cinnamon, clove and ginger powders and their essential oils on the activity
levels of glutathione peroxidase, reduced giutathione and TBARS concentrations in

experimental diabetic rats

l TBARS GSH ! GSPX ]

Treatments {mg/dl) (mg/dl) (Uml) ‘

N. control 0.576°:0.044 | 40.85°:0.491 i 170.80° £0.450 |
P. control 2.875% £0.043 19.77%#0.431 | 85.49°10.860

Diamicron L 0.97210.013 33.37°:0.214 l 136.65° +0.173 l

Powders {

Cinnamon (2.59) 1.323°:0.013 2563°10.364 109.39° +0.295 ]
Clove (2.5g) 1.316° 0.009 25.50° +0.289 109.65° £0.375
Ginger (2.5g) 1.289°+0.011 25.80°40.279 109,87 © +0.502
Cinnamon+ Clove (2.5¢) 1.316° +0.008 2560°10.208 109.74° £0.427
Cinnamon+ Ginger (2.5g) 1.286° +0.050 25.66° +0.393 109.76° +0.439
Clove+ Ginger (2.5g) 1.297° £0.016 25.19° 10.687 109.40° +0.231
Cinnamon+ Clove+ Ginger (2.5g) 1.537° +0.021 25.66° +0.266 103.72° +0.416

Essential oils

Cinnamen (0.9%) 0.986° +0.038 33.86°+0.497 137.17° £0.346
Clove (0.9%) 0.968" +0.039 33.95° +0.548 137.00 ° +0.537
Ginger (0.9%) 0.984° +0.048 33.67°+0.387 136.78° 40.450
Cinnamon+ Clove (0.9%) 0.962° +0.007 33.49" 10,283 136.85° +0.491
Cinnamon+ Ginger (0.9%) 0.958° £0.010 33.96" +0.554 137.00° £0.266
Ciove+ Ginger (0.9%) 0.965° £0.009 33.70" 20.404 136.80" £0.115
Cinnamon+ Clove+ Ginger (0.9%) 0.945° +0.026 34.00° £0.202 137.48° £0.155

LSD ]

0.05258 0.7419 1.002 }

- Means, within the same column, followed by the same lelter are not significantly different at <0.05.
- Means are followed by the corresponding standard deviation.

Figure (2} showed the microscopic examination of
the heart of the tested groups. N. control {un-
treated rat group) showed apparent normal cardiac
muscle fibers with no histopathological changes
(Slide 8). Meanwhile, the heart of rat from p. con-
trol (diabetic group) showed vacuolation of some
cardiac muscles fibers and granularity of other
muscle fibers (Siide 10) and zenker's necrosis of
sporadic muscle fibers associated with intermuscu-
lar edema (Slide11). However, the heart of diabetic
rat treated with diamicron30MR showed zenker's
necrosis of sporadic muscle fibars (Slides12) and
intermuscular edema (Slide13).While, the heart of

rat from group [cinnamon 2.5g, clove 2.5g, ginger
2.5g, cinnamon + clove (2.5g), cinnamon +ginger
{2.5g) and clove+ ginger(2.5g)] showed no
changes except vacuolations of sporadic cardiac
muscles fibers (Slide14). Meanwhile, the heart of
rat from group [cinnamon + clove + ginger {2.5g)]
showed marked dilatation and congestion of car-
diac blocd vessels (Slide15) and zenker's necrosis
of sporadic muscle fipers {Slide 16). In addition,
the heart of rat from all groups fed on all essential
oils showed apparent normal cardiac mucle fibers
with no histologicat changes.
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Slide (4): [cinnamon 2.5g and  Slide (11): P. Control group, Slide (12); Diamicron group,
kidney kidney

lide (3): Diamicron group,
liver cinnamon + ginger (2.5g )]
groups, liver

Uiamicron group,

Shide (1

; ; 14): [cinnamon 2.

liver kidney clove 2.5g, ginger 2.5g, clnna-

mon + clove (2.5g), cinnamon

+ginger (2.5g) and clove+ gin-
2

i 1% N ' W LS
Slide (7): [cinnamon +
clove (2.5g} and clove +

ginger (2.5g)] groups Jiver

Slide (16): [cinnamon + clove +
ginger (2.5g)] group kidney ginger {2.5g)] group, kidney

Slide (8): [cinnamon + clove +  Slide (15): [cinnamon + clove +

ginger (2.5g)] group, liver

Figure 1. Histopathological changes in sections of liver and kidney
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Shde t‘t} N. Control Slide (2): P. Control group

pancreas

Siide (3): P. Control
group, pancreas

Slide (5): Diamicron
group, pancreas

Slide (4): Diamicron group
,pancreas

Slide (6): [cinnamon 2.5g, clove
2.5g, ginger 2.5g, cinnamon +
clove (2.5g), cinnamon +ginger
{2.5g) and clove+ ginger{2.5g)]
groups, pancreas

Slide (7): [cinnamon +
clove + ginger (2.5g)]
group, pancreas

Slide (8): [cinnamon + clove +
ginger (2.5g)] group, pancreas

Slide (9): N. Control group,
heart

Slide (111 P. Control group,
heart

Slide (13): Diamicron group,
heart

Slide (15): [cinnamon + clove
+ ginger (2.5g)] group, heart
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Slide (10): P. Control group,
heart

Slide {12): Diamicron group,
heart

Slide (14): [cinnamon 2.5g,
clove 2.5g, ginger 2.5¢g,
cinnamon + clove (2.5g),
cinnamon +ginger {2.5g)
and clove+ ginger (2.5g)]
Jroups, heart

Slide (16): [cinnamon +

clove + ginger (2.5g)] group,
heart

Figure 2. Histopatholagical changes in sections of pancreas and heart

Arab Univ. J. Agric. Sci., 18(1), 2010
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DISCUSSION

Diabetes is a chranic metabolic disorder affect-
ing a major praportion of the population worldwide.
A sustained reduction in hyperglycemia will de-
crease the risk of developing microvascular dis-
eases and reduce their complications (Kim et af
2006). The conventional therapies for diabetes
have many shortcomings like side effects and high
rate of secondary failure. On the other hand, spic-
es extracts are expected to have similar efficacy
without side effects as that of conventional drugs.
The present investigation reports the anti-
diabetogenic and hypoglycemic effects of diami-
cron30MR and essential oils on STZ induced di-
abetic rats. STZ injection resulted in diabetes melli-
tus, which is probably due to the destruction of g
cells of islets of Langerhans as proposed by many
authors (Maiti et al 2004; Maiti et a/ 2005 and
Beppu et al 2006}

Diabetic rats showed a significant decrease in
body weight compared to control rats. Decreased
body weight observed in diabetic rats is due to
excessive breakdown of tissue proteins (Ravi et al
2004b). These results are in accordance with the
present results previously as shown in streptozoto-
cin-induced diabetic rats (Yanardag et af 2003). in
our study, administration of spices and their essen-
tial cils for 60 days caused an increase in body
weights in the diabetic groups (Darias e¢ al 2001
and Ozsoy —Sacan 20086). '

Oxidative free radicals have been implicated in
the pathogenesis of diabetes mellitus. In addition,
diabetic patients have significant defects of anti-
oxidant protection, and it is believed that the meta-
bolic disorders in diabetes mellitus may be due to
increasing cellular oxidative stress and reduced
antioxidant protection. The antidiabetic action of
spices seems to be mediated through; stimulation
of the pancreas to produce and recreate insulin,
interference with dietary glucose;absorption and
insulin sparing action of the constituent bioactive
compounds (Srinivasan, 2006 and Saravanan &
Pari, 2008). |n other study, noted that some essen-
tial oil extract decreased blood glucose levels by
facilitating glucose usage via extra-pancreatic
ways (Subash Babu et a/ 2007, Hassan et al
2009 and Zari & Al-l.ogmani, 2009).

The present study showed that there were
higher levels of cholesterol and triglycerides in STZ
induced-diabetic rats. The level of lipids is usually
raised in diabetes and such an elevation
represents a risk factor for coronary heart disease
{Pacheco et af 2001). The abnormal high concen-
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tration of lipids in diabetes are mainly due to an
increase in adipose tissue lipolysis in absence of
insulin and mobilization of free fatty acids from the
peripheral depots, since insulin inhibits the hor-
mone sensitive lipase. On the other hand, gluca-
gon, catecholamines and other hormones enhance
lipolysis. The marked hyperlipidamia that characte-
rizes the diabetic state may therefore be regarded
as a consequence of the uninhibited actions of
lipolytic hormones cn the fat depots (Akula ef af
2003 and Pruneta-Deloche et alf 2004). STZ-
induced diabetus mellitus increases oxidative
stress and the presence of oxidized LDL-
cholesterol and other lipoproteins. Oxidation con-
verts LDL-cholesterol to a form that is rapidly taken
up and degraded by macrophages and increased
degradation of unoxidized LDL-cholesterol. Oxi-
dized lipoproteins play an important role in the de-
velopment of atherosclerosis {Jafarmejad ef af
2008). The resuits of the study under investigation
show that continuous administration of the essen-
tial cils of cinnamon, clove and ginger prevent ele-
vation of serum lipids (Badee et af 2005b). The
hypolipidaesmic effect can be explained as a direct
reduction in blood glucose concentration, lowering
cholesterof and triglycerides could also be proba-
bly attributed to regenerate pancreatic R-cells and
by decreasing 3-hydroxyl-3-methylglutaryl coen-
zyme A reductase (HMG-CoA reductase aclivity), a
key enzyme of cholesterol biosynthesis and/or by
reducing the NADPH required for fatty acids and
cholesterol biosynthesis (Sharma et af 2003; Ves-
sal ef af 2003 and Srinivasan et al 2005} or the
extract might stimulate the production of insulin
which in turn inhibits lipoprotein lipase activity (Ra-
vi ef al 2005). Antioxidants inhibit metabolism of
LDL-cholesterol and reduce toxicity of oxidized
LDL-cholesterol {Ravi et al 2004a).

Liver function could detect the state of liver.
Liver Function Tests (LFTS) are commonly used in
clinical practice to screen for liver disease, monitor
the progression of known disease, monitor the
effects of potentially hepatotoxic drugs and necro-
sis in the liver of animals. The most common LFTS
include the serum aminotransferases, alkaline
phosphatase, bilirubin, albumin and prothrombin
time Harris {2005). Aminotransferases such as
alanine aminotransferase {ALT) and aspartate
aminotrasferase (AST) measure the concentration
of intracetiular hepatic enzymas that have leaked
into the circulation and serve as a maker of hepa-
tocyte injury. Moreover, ALT and AST levels also
act as indicators of liver function and restoration of
normal levels of these parameters indicate normal

Arab Univ. J. Agric. Sci., 18{1), 2010
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functioning of liver. The increased gluconeogene-
sis and ketogenesis observed in diabetes may be
due to high level in the activities of these transami-
nases (McAuff et af 2003). Moreover, Ozlem et al
(2006) and Subash Babu et al (2007) who men-
tioned that in STZ-induced diabetic rats, the activ-
ity of serum ALP was significantly increased which
supporting our findings. Therefore, the increase of
the activity ALP in serum is mainly due to the leak-
age of the enzymes from the liver cytosal inio the
blood stream (Mansour et aJ 2002), which gives
an indication on the hepatotoxic effect of strepto-
zotocin, On the other hand, the administration of
some essential oil extract to STZ-induced diabetic
rats reduced ALP activily towards its normal val-
ues. The increase in ALP activity in serum is an
indicator of liver destruction .In our study, the de-
crease in ALP activity in STZ-induced diabetic rats
given essential oils extract shows that essential
oils prevented liver damage.Generally, the serum
ALT , AST and ALP levels increase as a result of
metabolic changes in the liver, such as administra-
tion of toxin, cirrhosis of the liver, hepatitis, and
liver cancer {Chalasani et af 2004 and Hwang et
al 2005). Thus, they can be used as markers to
assess the extent of liver damage.

Histopathological study of liver showed fatty
changes surrounding ponrtal triad in the liver of dia-
betic rats and the treatment with spices or their
essential oils recovered the membrane damage by
decreasing lipid peroxidation and improving anti-
oxidants' status which was reported earlier by us
(Ramesh and Pugalendi 2006a).

Creatinine is the major waste product of
creatine metabolism. In the kidney, it is filtered by
the glomerulus and actively excreted by the tu-
bules. Moreover, free creatinine appears in the
blood serum (Foley et af 2005; Myers et al 2006
and Stevenes et al 2008), urea is the principal
waste products of protein catabolism, They syn-
thesized in the liver from ammonia produced as a
result of the deamination of amino acids. The rate
of production is accelerated by a high protein diat
or by increased endogenous catabolism due to
starvation or tissue damage {Bequette and Sunny
2005). Kidney function tests help to determine if
the kidney is performing their iask adequately. The
diabetic rats had increased levels of creatinine and
urea which are considered as significant markers
of renal function and this is in agreement with the
present result (Ozsoy-Sacan et al 2006). The kid-
neys of rats with streptozotocin-induced diabetes
become enlarged (Ramesh et al 2007). Histopa-
thological studies of kidney showed enlargement of
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lining cells of tubules, fatty infiltration, large area of
hemorrhage and lymphocyte infiltration in the dia-
betic rats, which may be associated with mem-
brane damage caused by hyperglycemia mediated
oxidative stress and altered fatty acid composition
and treatment with essential oils reversed these
changes to near normalcy, which could be associ-
ated with decreased membrane damage as evi-
denced by improved antioxidants status (Ramesh
and Pugalendi 2006a), reversed fatty acid
changes as evidenced by improved insulin level

‘(Ramesh and Pugalendi, 2005), and also sup-

ported by regulated glycoprotein components
(Ramesh and Pugalendi 2006b).

Oxidative stress plays an important role in
chronic complications of diabetes and is postulated
to be associated with increased lipid peroxidation
{(Murugan and Pari 2007). Streptozotocin is fre-
guently used to induce diabetes mellitus in experi-
mental animals through its toxic effects on pancre-
atic -cells {Kim et al 2003). The cytotoxic action
of STZ is associated with the generation of reac-
tive oxygen species causing oxidative damage
(Szkudelski, 2001).The increased free radicals
produced may react with polyunsaturated fatty
acids in cell membranes leading to lipid peroxida-
tion. Lipid peroxide-mediated damage has been
observed in the development of diabetes (Anwer
et al 2007). The most commonly used indicator of
lipid peroxidation is TBARS. The increased lipid
peroxidation in the serum of diabetic animals may
be due to the observed remarkable increase in the
concentration of free radical in the serum of dia-
betic rats. In the current study, level of serum
TBARS in diabetic rats groups supplemented with
essential oils extractions showed a significant re-
duction which indicates a decreased rate of lipid
peroxidation {Afshari et al 2007).

Concerning to the changes in lipid peroxidation,
the serum diabetic showed decreased the concen-
tration of the key antioxidants reduced GSH and
activity of GSH-Fx which play an important role in
scavenging the toxic intermediate of incomplete
oxidation. The decrease in the activity of these
antioxidants can lead to an excess availability of
the superoxide anion (027 and hydrogen peroxide
in biological system, which generate hydroxyl radi-
cals resulting in initiation and propagaticn of lipid
peroxidation. Administration of diabetic rats with
essential oils extraction increased the activity of
enzymes and may help to control free radicals
{Lee 2006).

GSH plays a central rele in antioxidant defense
by detoxifying reactive oxygen species, direclly or
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in a glutathione peroxidase catalyzed mechanism.
and in the repair of radically caused biological
damage (Ananthan et af 2004), and its level re-
duced in diabetes meillitus (Latha and Pari 2003).
The decrease in GSH levels represents increased
utilization due to oxidative stress (Venkateswaran
and Pari 2003). The elevated level of GSH pro-
tects cellular proteins against oxidation through the
glutathione redox cycle and also directly detoxifies
reactive oxygen species generated from exposure
to STZ (Latha and Pari 2003).

The GSH content increment in the serum of
rats treated with essential oils extractions. Essen-
tial oils can be directly scavenging the free radicals
in diabetic rats, may reduce the utilization of GSH
and thereby exhibiting an increase in the GSH con-
tent in treated diabetic rats (Ozsoy-Sacan et al
2006). Furthermaore, insufficient availability of GSH
may also reduce the activity of GSH-PX (Anwer et
al 2007). The GSH content increment in the serum
of rats treated with essential oils extractions may
be a responsible factor for inhibition of lipid peroxi-
dation. The elevated level of GSH protects cellular
proteins against oxidation through glutathione re-
dox cycle and also directly detoxifies reactive oxy-
gen species,

In general, the present study conciuded that
the concentration of lipid peroxidation is a success-
ful indicator to the increment of free radicals in the
serum of diabetic rats. Consequently, administra-
tion of essential oils extracts (cinnamon, clove and
ginger), significantly declined the levels of fipid
peroxidation and thus prevent tissue damage.

The author thanks Dr. Kawkab Abd-ElAziz Ah-
med from department of pathology, Faculty of Vet.
Med., Cairo. Univ., for providing the explanation
about histopathology.
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