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ABSTRACT

Background: Obesity is one of the most serious global health problems of the 21% century and it is
considered as a principal risk factor in the initiation of various non-communicable chronic diseases such as
dyslipidemia, atherosclerosis, cardiovascular, non-insulin dependent diabetes mellitus. Objective: The
current study was designed to evaluate the effect of Rosmarinus Officinalis L. extract (RE) on serum
cholesterol, HDL, LDL, TG, glucose and insulin, as well as enzymatic activity of serum GPx, SOD and
catalase, body weight, adiposity index and insulin resistance in high fat diet (HFD) fed rats. Materials and
Methods: Forty adult male albino rats of local strain were randomized into four equal groups. The first group
was fed on basal diet and received 0.2 ml distilled water daily by oral intubations and kept as control group.
The second group was fed on basal diet and received RE (100 mg/kg body weight daily by oral intubations).
The third group was fed on high fat diet and received 0.2 ml distilled water by oral intubations, and the fourth
group was fed on high fat diet with RE (100 mg/kg body weight daily by oral intubations). Results: Rats fed
HFD showed significant increase in body weight, body weight gain, adiposity index, serum cholesterol, LDL,
TG, fasting glucose, fasting insulin and HOMA-IR, and significant decrease in serum HDL and GPx, SOD
and catalase in comparison to control group. Rats fed HFD with RE showed significant decrease in body
weight, body weight gain, adiposity index, serum cholesterol, LDL, TG, fasting glucose, fasting insulin, and
HOMA-IR, and significant increase in serum HDL, GPx, SOD and catalase in comparison to HFD group
and showed significant increase in body weight, body weight gain, adiposity index, serum cholesterol, LDL,
TG in comparison to control group. Rats fed basal diet with RE showed insignificant changes in comparison
to control group. Conclusion: The administration of RE showed increased oxidative activities of serum SOD,
GPx and catalase enzymes as well as improvement of lipid profile and decreased glucose, insulin, body
weight, adiposity index, and insulin resistance in HFD fed rats.
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INTRODUCTION obesity might reflect other problems such
as dietary fat intake, fat storage and
metabolism, and lifestyle (Power and
Schulkin, 2008). Obesity increases the
risk for many diseases including diabetes
mellitus, cardiovascular diseases, hyper-
tension (Afolayan and Mbaebie, 2010),
several forms of cancer (such as breast,
colon, and  prostate), pulmonary,
osteoarticular and metabolic diseases (Pi-
Sunyer, 2009). Consumption of a high-fat

Obesity is an excessive fat accumulation
in the body in the form of increased
adipocyte number (hyperplasia) and/or
increased adipocyte size (hypertrophy) (Jo
et al, 2009) that results from an
imbalance between energy intake and
energy expenditure. It is associated with
genetic, metabolic, and behavioral com-
ponents, and the rapid development of
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diet is a major risk factor for the
development of obesity. Epidemiological
studies have shown that obesity is
generally more prevalent in people who
consume a Western-style diet, which, in
addition to being deficient in several
nutrients, is also high in fat (Chan and
Woo, 2010).

Rosmarinus Officinalis L. (R Offici-
nalis), known as Rosemary, is a plant
belonging to Labiatae (Lamiaceae) family.
It is Native to the Mediterranean region,
the plant is now widely distributed all
over the world mainly due to its culinary,
medicinal, and  commercial  uses
(Habtemariam 2016). R. officinalis is a
woody, aromatic, perennial herb with
evergreen needle-like leaves, and reaching
a height of 2 m (Socaci et al., 2007 and
Orhan et al., 2008). In addition to
Rosemary’s role as a spice and flavoring
in food, it has been traditionally consumed
for its health benefits. Its aerial parts are
used in oral administration to relief renal
colicc and dysmenorrhea and as
antispasmodic and antibacterial effect
(Soyal et al.,, 2007 and Orhan et al.,
2008). The plant has been shown to be
safe and nontoxic in animal models.
Because of its powerful antioxidant
activity, R. Officinalis extracts are found
to exhibit different protective effects as
hepatoprotective, anticancer, anti-
hyperglycemic (Bakirel et al., 2008),
asthma and rheumatism (Ulbricht et al.
2010).

More than two hundred components
have been identified from R. officinalis,
which includes mainly volatile and
phenolic  constituents. The chemical
constituents of the volatile oil fraction are
complex, but most of them are

monoterpenes and sesquiterpenes (Ojeda-
Sana et al., 2013). R. officinalis contains
high percentages of phenolic diterpenes,
triterpenes, phenolic  acids, and
flavonoids. The phenolic compounds of R.
officinalis were reported to exert
antioxidant, anti-inflammatory (Poeckel
et al., 2008), antiproliferative, and anti-
tumorigenic effects in vitro or in animal
studies (Johnson et al., 2008). An
evidence has shown the potential of R.
officinalis for treatment of obesity due to
its anti-hyperlipidemic effect (Sedighi et
al., 2015).

The present study was demonstrated to
investigate the effect of aqueous extract of
R. Officinalis on serum cholesterol, HDL,
LDL, TG, glucose and insulin, as well as
enzymatic activity of serum GPx, SOD
and catalase and body weight, adiposity
index and insulin resistance in HFD fed
rats.

MATERIALS AND METHODS

Animals and experimental design: Forty
adult male albino rats of local strain
weighing 120-150 g. Animals were kept
in cages (20 x 30 x 50 cm -5 rats per
cage) at room temperature, maintained on
normal light/dark cycle, and fed on a
commercial rat pellets and water ad
libitum. They were left for two weeks for
acclimatization before experimental work.

The rats were randomly divided into
four equal groups as follows: Group 1
(control group) Rats were kept on a basal
diet with 0.2 ml distilled water by oral
intubations, group 2 (normal/RE group)
rats were kept on a basal diet and given
RE 100 mg/kg body weight daily by oral
intubations, group 3 (HFD group) Rats
were kept on a high fat diet (25% fat) to
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induce obesity with 0.2 ml distilled water
by oral intubations, and group 4
(HFD/RE group) rats were kept on high
fat diet and given RE 100 mg/kg body
weight daily by oral intubations. The
experiment was conducted for a period of
8 weeks.

Diet: Basal diet (Commercial rat pellets)
consisted of 54% fat, 53.8%
carbohydrate, 21.9% protein, fiber,
minerals, added vitamins A, D, and E, and
cholesterol (350 kcal per 100 g). while
High fat diet consisted of 25% fat, 44.8%
carbohydrate, 18.3 % protein, fiber,
minerals, added vitamins A, D, and E, and
cholesterol (530 kcal per 100 g) by adding
200 grams of sheep fat to each 1000 gram
of basal diet.

Plant material: Leaves of R. Officinalis
were purchased from local market in
Banha. After collection, the leaves were
dried for 15 days in the shade at room
temperature. The dried leaves were then
ground and stored in the dark. Water
soluble extract was prepared. Briefly, the
powder (10 g) was stirred in 100 ml
distilled water for 30 minutes at 50 °C
followed by rapid filtration through a
crude cheesecloth and then Wattman No.1
filter paper (Amin and Hamza, 2005).

Blood and tissue collection: At the end
of the experiment, the overnight fasted
rats were weighed; blood was collected
from retro-orbital plexus of veins, left for
30 minutes to clot then centrifuged at
2000 rpm for 15 minute to separate serum
which was stored at - 202C until It was
used for measurement of the serum levels
of fasting glucose, triglycerides (TG),
high density lipoprotein  cholesterol
(HDL) & low density lipoprotein
cholesterol (LDL) were determined using

enzymatic spectrophotometric technique
by a kit supplied from Spinreact co.
(Tietz, 1995), serum insulin  was
determined by ELISA research-use-only
kit is an enzyme-linked immunosorbent
assay designed for the quantitation using a
microplate reader, the kit supplied
from Thrmo Fisher Scientific (Temple et
al., 1992), Superoxide Dismutase (SOD),
Glutathione  Peroxidase (GPx) and
catalase were determined using specific
Activity Assay Kit (Colorimetric) (Ann et
al. 2015), The degree of insulin resistance
was estimated at the baseline by HOMA
according to the method described by
Matthews et al. (1985), an insulin
resistance  score (HOMA-IR) was
computed with the formula: fasting
plasma glucose (mmol/l) times fasting
serum insulin (mU/l) divided by 22.5.
Low HOMA-IR values indicate high
insulin sensitivity, whereas high HOMA-
IR values indicate low insulin sensitivity.
Adiposity index: After blood collection,
animals were sacrificed by decapitation
and adipose tissue fat pads from
epididymal, retroperitoneal and visceral
fat were dissected and weighed. The
adiposity index was calculated as
(epididymal fat + retroperitoneal fat +
visceral fat /final BW) x 100 and
expressed as adiposity percentage (Taylor
and Phillips, 1996).

Statistical analysis: Data were expressed
as mean * standard deviation (SD).
Statistical analyses were carried out by
using SPSS program (version 19 for
windows) (SPSS Inc. Chicago, IL, USA).
One-way analysis of variance (ANOVA)
was used to test for significance between
the groups followed by post Hoc Tukey’s
multiple comparison test. P < 0.05 was
considered statistically significant.
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RESULTS

The results of the present study showed
that administration of RE with basal diet
in group 2 showed insignificant changes
in the body weight, Body weight gain,
adiposity  index, insulin  resistance
(HOMA-IR), serum levels of cholesterol,
LDL, HDL, TG, fasting glucose, fasting
insulin, GPx, SOD and catalase in
comparison to control group. In group 3,
Rats fed with HFD showed significant
increase in body weight, Body weight
gain, adiposity index, HOMA-IR and
serum levels of cholesterol, LDL, TG,
fasting glucose, and fasting insulin. Also,
there were significant decrease in serum
GPx, SOD, catalase activity and serum
HDL when compared to control rats fed
on basal diet. In group 4 the
administration of RE with HFD showed
significant decrease in the body weight,

body weight gain, adiposity index,
HOMA-IR, and in serum levels of
cholesterol, LDL, TG, fasting glucose,
and fasting insulin. Also, there were
significant increase in serum GPx, SOD
and catalase activity and serum HDL in
comparison to HFD group. While when
compared to control rats fed on basal diet
it showed significant increase in body
weight, Body weight gain, and adiposity
index, and in serum levels of cholesterol,
LDL, TG, and significant decrease in
serum HDL. Also, there were significant
increase in body weight, body weight
gain, adiposity index, and HOMA-IR and
in serum levels of cholesterol, LDL, and
TG Also, there were significant decrease
in serum SOD activity and serum HDL
when compared to normal/RE group.

Table (1): Effects of R Officinalis extract on body weight gain and adiposity index (Mean

+ SD).
Groups

Control Normal/RE HFD HFD/RE

(Group 1) (Group 2) (Group 3) (Group 4)
Parameters
Initial weight(g) 135.9+18.35 | 132+17.53 | 136.1#16.99 | 134.4+14.39
Final weight(g) 197.3+21.31 | 203.6+23.82 | 283.3+34.64 2 | 237.9+24.86 %
Body weight gain (g) | 61.4+4.27 71.6+8.85 | 147.2+18.26% | 103.5+12.41 3¢
Bodly fat (g) 7.13+1.04 7.04+0.95 14.841.95% | 10.85+1.453¢
Adiposity index% 3.61+0.32 3.46+0.41 | 5.22+0.57% | 4.56+0.33%°

Number of rats in each group = 10
a =Significant as compared to control group.

b =Significant as compared to RE normal group.
¢ =Significant as compared to HFD group.
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Table (2): Effects of R Officinalis extract on serum levels of lipid profile (Mean £ SD).

Groups | ~iontrol | Normal/RE HFD HFD/RE
Parameters (Group 1) (Group 2) (Group 3) (Group 4)
Cholesterol mg/dl 103.4 £ 17.7 96+19.3 187.4+28.4% | 131.5+19.72¢
HDL mg/dI 56.4+9.5 59.7+7.7 32.946.3% 45.1+6.9 ¢
LDL mg/dl 38.2+2.2 36.5+3.1 67.846.7 45.8+4.9 ¢
TG mg/dl 64.5+13.4 58.1+12.7 | 137.6+19.5% | 88.4+14.7 %

Number of rats in each group = 10
a =Significant as compared to control group.

b =Significant as compared to RE normal group.
¢ =Significant as compared to HFD group.

Table (3): Effects of R Officinalis extract on serum levels of glucose, insulin and in insulin
resistance (Mean £ SD)

Groups | control | Normal/RE HFD HFD/RE
Parameters (Group 1) (Group 2) (Group 3) (Group 4)
Glucose mg/dl 83.248.93 | 78.9+1155 | 127.5¢17.8% | 94.9+13.82°¢
Insulin 2 1U/ml 7.62+1.15 6.83+1.43 | 13.95+2.37% 8.68+1.64°¢
HOMA-IR 1.56+0.24 1.32+40.29 4.32+0.58 2 2.05+0.58

Number of rats in each group = 10
a =Significant as compared to control group.

b =Significant as compared to RE normal group.
¢ =Significant as compared to HFD group.

Table (4): Effects of R Officinalis extract on serum antioxidative enzymes activity (Mean

+ SD).
GrouPs | control | Normal/RE HFD HFD/RE
Parameters (Group 1) (Group 2) (Group 3) (Group 4)
GPx 1U/ml 547+ 064 | 554092 | 3.4+0.62® | 4.97+101°
SOD U/ ml 240.24375 | 257+40.4 | A9 | 5067409540
Catalase U/ ml 127.6+20.88 | 139.6+24.51 | 67.5¢12.73% |  117+23.8°

Number of rats in each group = 10,
a =Significant as compared to control group.

b =Significant as compared to RE normal group.
¢ =Significant as compared to HFD group.
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DISCUSSION

In the present study, R officinalis
administration in normal rats led to
insignificant change in the body weight,
body weight gain and adiposity index
when compared to control group. Feeding
rats with HFD or HFD with R officinalis
extract significantly increased body
weight, body weight gain and adiposity
index when compared to control group,
while HFD with R officinalis extract led
to significant decrease in the body weight,
body weight gain and adiposity index
when compared to HFD group.

Our results were in agreement with
Shokrollahi et al. (2015) who found that
no significant differences were seen in
body weight and total gain in animals
received R officinalis extract when
compared to control group. Also, agreed
with Handjieva-Darlenska and
Boyadjieva (2009) and Ibarra et al.
(2011), there was a significant effect of
the high-fat diet on the body weight in the
experimental group, which showed higher
body weight increase compared to control
group. Priego et al. (2009) stated that
HFD increase body weight and adiposity
index. lIbarra et al. (2011) and
Runtuwene et al. (2016) stated that body
weight gain and accumulated body fat
significantly decreased in HFD/RE group
when compared to HFD group but still
significantly increased when compared to
control group. Limiting lipid absorption is
a potential mechanism by which RE
decreased weight gain and adiposity index
which is strongly supported by evidence
of the in vitro inhibitory effect of RE on
pancreatic lipase activity, a key enzyme in
the digestion and absorption of fat (Ibarra
et al., 2011), and on gastric lipase activity

Vaquero et al. (2012). Also, RE enriched
in  CA modifies the microbiota
composition and B-glucosidase activity in
the caecum of the obese rats increasing
the main short chain fatty acids excreted
in the feces (Romo-Vaquero et al.,
2014). CA has also been reported to
inhibit  adipocyte differentiation by
blocking CCAAT/enhancer-binding
protein o (C/EBPa) and peroxisome
proliferator-activated receptor y (PPARYy)
pathways (Gaya et al., 2013).

The increased plasma cholesterol,
particularly LDL-c, is one of the most
important risk factor for coronary vascular
disease. LDL-c particles are taken up by
macrophage cells after oxidized or
modified and then deposited in the arterial
intima leading to formation of atheroma.
Low HDL-c levels are considered as a
strong risk factor for coronary heart
disease as HDL-c act as antioxidant and
protect LDL-c from oxidation so that
reduce LDL-c from circulation (Libby et
al., 2011). It has been postulated that
decrease in serum cholesterol by 1%
reduces the risk of chronic heart disease
by 2% (Jain et al., 2007). The current
study showed insignificant change in the
serum levels of cholesterol, LDL, TG and
HDL in rats received R officinalis extract
with basal diet. There were significant
increases in the levels of serum
cholesterol, LDL, TG, and significant
decrease in serum HDL in HFD and
HFD/RE groups as compared to control
group, while HFD/RE showed significant
decrease in the levels of serum
cholesterol, LDL, TG and significant
increase in serum HDL when compared to
HFD group.
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These results were concomitant with
Aljamal et al. (2012) and Alnahdi
(2012) who reported that R. officinalis has
no significant influence on serum level of
serum cholesterol, LDL, HDL and TG of
normal rats. It ameliorated disturbed lipid
profile in diabetic rats in which it
significantly reduced cholesterol,
triglycerides, LDL and increased HDL.
Venkateshan et al. (2016) stated that
HFD fed rats showed significant increase
in plasma cholesterol, TG, LDL and
decrease in HDL Ibarra et al. (2011) and
Vaquero et al. (2012) showed that RE
significantly reduced elevated TG and
cholesterol levels induced by the HFD. Al
Sheyab et al. (2012) reported that the oral
administration of Rosemary plant extracts
to high cholesterol-fed mice (HC) resulted
in significant declines of plasma total
cholesterol, LDL-C, and TG as compared
to HC mice, while there was an increase
in HDL in comparison to HC mice.
Labban et al. (2014) reported that R.
officinalis appears to improve not only
hyperglycemia but also dyslipidemia and
decreases lipid peroxidation through
increasing antioxidants levels. Our results
disagreed with Handjieva-Darlenska
and Boyadjieva (2009) who reported that
no difference in the lipid parameters were
registered between normal and HFD fed
rats. This disagreement may be due to
differences in strains, concentration of fat
in HFD, or period of the experiment.

Hypolipidemic effect of R officinalis
extract might be due to inhibition of
pancreatic lipase activity (lbarra et al.
2011), and gastric lipase activity
(Vaquero et al, 2012) decreasing
digestion and absorption of fat. Moreover,
R officinalis extract inhibits hormone
sensitive lipase (Bustanji et al., 2010)

which is an intracellular neutral lipase
catalyzes the hydrolysis of triglycerides
and cholesteryl esters leading to efflux of
free fatty acids and cholesterol from the
adipocytes (Ahmadian et al., 2007).
Adipose HSL activity is normally
inhibited by insulin. Decreasing insulin
resistance may play an additional role of
HSL inhibition of R. officinalis extract in
vivo. Also, Rosemary extract activated
both AMPK and PPAR pathways, thereby
regulating lipid metabolism (Zheng et al.,
2013).

In the current study, R. officinalis
administration in normal rats led to
insignificant changes in the serum levels
of fasting glucose, fasting insulin and
HOMA-IR when compared to control
group. There was a significant increase
in the levels of serum glucose, serum
insulin and HOMA-IR in HFD fed rats as
compared to control group. Rats with
HFD and R officinalis extract showed
significant decrease in the levels of serum
glucose, serum insulin and HOMA-IR
when compared to HFD fed rats, while it
showed insignificant changes when
compared to control group.

These findings were in agreement with
those observed by Ibarra et al. (2011),
Aljamal et al. (2012) and Alnahdi
(2012) who reported that Rosemary leaf
extract has no significant influence on
serum glucose level of normal rats. It also
agreed with Handjieva-Darlenska and
Boyadjieva (2009) and lIbarra et al.
(2011) who stated that high fat diet
produced higher blood glucose level in
experimental rats in comparison to control
rats. Runtuwene et al. (2016) found that
HFD fed rats showed significant increase
of plasma glucose, insulin levels and
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insulin resistance, while fasting hyper-
glycaemia reduced in animals in the HFD/
Rosmarinic acid group compared with the
HFD group. These findings were parallel
to that of Ibarra et al. (2011) who found
that Rosmarinic acid decreases hyper-
glycemia, insulin level and insulin
resistance in HFD fed rats. The results
disagreed with Ibarra et al. (2011) who
found that no significant differences were
observed in insulin levels HFD or
HFD/RE when compared to control
groups. This disagreement may be due to
differences in strains, concentration of fat
in HFD, or period of the experiment.

The possible mechanism of anti-
hyperglycemic action of R officinalis is
phosphoenolpyruvate carboxykinase
(PEPCK) expression, an enzyme in the
lyase family used in the metabolic
pathway of gluconeogenesis (Méndez-
Lucas et al., 2014), markedly increased in
isolated liver cells in both the diabetic and
HFD-fed rats. Rosmarinic acid (RA)
treatment reduced hepatic PEPCK
expression in both groups, suggesting that
RA decreased gluconeogenesis in the
livers of diabetic rats. Additionally,
GLUT4 expression was significantly
lower in both diabetic rats and the HFD-
fed rats. RA treatment markedly increased
GLUT4 expression in both groups. Both
mechanisms decrease glucose output by
the liver and increase glucose uptake by
skeletal muscles decreasing blood
glucose, serum insulin levels and HOMA-
IR (Runtuwene et al., 2016). High-fat
diet induced obesity was associated with
the increased expression of SGLT-1 in
rats, the key molecule in glucose
absorption (Huang et al., 2012). R
officinalis may control plasma glucose by
decreasing intestinal glucose transport by

inhibiting glucose SGLT1 trafficking to
the intestinal brush-border membrane
(Azevedo et al., 2011). Furthermore, the
altered activities of key carbohydrate
metabolizing enzymes such as
hexokinase, pyruvate kinase, glucose-6-
phosphatase, fructose 1,6-bisphosphatase,
glucose-6-phosphate dehydrogenase,
glycogen  synthase and  glycogen
phosphorylase in the liver tissue were
significantly reverted to near normal
levels upon treatment with RA (Jayanthy
et al., 2014). Other probable mechanism
of anti-hyperglycemic action is the effect
of R officinalis extract on two critical
pathways in glucose and lipid metabolic
regulation, AMP activated protein kinase
(AMPK) and peroxisome proliferated
activated receptor (PPAR), where AMPK
IS a serine/threonine kinase that functions
as an intracellular energy sensor, activated
under conditions of low energy, such as
elevated AMP/ATP ratio (Hardie, 2011).
The activation of AMPK switches off
anabolic pathways that consume ATP,
such as fatty acid, glycogen, and
cholesterol synthesis, and switches on
catabolic pathways that generate ATP,
such as fatty acid oxidation and glycolysis
(Steinberg and Kemp, 2009). While
nuclear PPAR receptors function as
sensors for fatty acids and fatty acid
derivatives and control expressions of
many essential genes in the regulation of
cellular lipid metabolism, differentiation,
storage and development (Varga et al.,
2011 and Rigano et al, 2017). R
officinalis extract activates both AMPK
and PPAR pathways, thereby regulating
glucose metabolism (Zheng et al., 2013).
Reactive oxygen species (ROS) such as
hydrogen  peroxide, nitric  oxide,
superoxide and the highly reactive
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hydroxyl radicals and reactive nitrogen
species (RNS) are naturally generated in
biological systems(Lobo et al., 2010). Its
production is counteracted by the intrinsic
antioxidant defense, both enzymatic and
non-enzymatic, which protects against
free radicals and the subsequent cell
damage(Birben et al., 2012). Oxidative
damage occurs as an imbalance between
the production of ROS and the ability of
intrinsic antioxidant systems to scavenge
these radicals. Oxidation of macro-
molecules such as proteins, lipids and
DNA may lead to cell degeneration and
death due to an increase in the release of
apoptotic inducing factors (Pickering et
al., 2013) and loss of cell membrane
integrity and function (Rasoul et al.,
2016).

Our study showed insignificant changes
in the activities of serum GPx, SOD and
catalase in normal rats received RE when
compared to control group. There were
significant decreases in the activities of
serum antioxidant enzymes GPx, SOD
and catalase in in HFD as compared to
control group. HFD/RE showed insignifi-
cant changes in the activities of serum
GPx, SOD and catalase as compared to
control group and significant increase
when compared to HFD group. The
results disagreed with Rasoolijazilet al.
(2015) who stated that GPx, SOD and
CAT activities significantly increased in
the hippocampus of rats received RE
compared to the normal group, the
disagreement may be due to that the used
form was Rosemary extract boosted by
40% carnosic acid and administration for
12 weeks. These findings were supported
by Chauhan et al. (2012) who attributed
that activities of enzymatic antioxidants

GPx, SOD, CAT decreased in the liver of
animals fed HFD which is probably due to
detrimental effects due to accumulation of
superoxide radical and H20,. Bak?el et
al. (2008) reported that treatment of
diabetes with the R. officinalis extract had
reversed the decreased activities of
enzymatic antioxidants, which might be
due to decreased oxidative stress as
evidenced by decreased lipid peroxida-
tion. These results were in accordance
with that reported by Govindaraj and
Pillai (2015) who stated that the
diminished activities of pancreatic SOD,
catalase, and GPx in STZ-diabetic rats
significantly recovered near normalcy
upon RA treatment. Hyperglycemia
induces free radicals and impairs the
endogenous antioxidant defense system
(Matough et al., 2012) by formation of
advanced glycation end products which
significantly decreased the activities of
enzymatic antioxidant such as SOD and
CAT (Ren et al, 2017). It is also
supported by the study of Ozturk et al.
(2014) which reported that ischemia/
reperfusion process exhausts the free
radical scavenging system decreasing
tissue anti-oxidant enzymes, SOD, and
GPx leading to elevated superoxide and
hydrogen peroxide levels which accelerate
the renal damage while treatment with RA
attenuate I-R injury by increasing the
activities of serum SOD and GPx which
also provid by histological examination.
Rasoul et al. (2016) observed that RE
could decrease oxidative stress by
significantly increasing the activities of
SOD, CAT and GPx in hippocampus
resulting in the decrease of lipid
peroxidation level. Rosmarinic acid can



758

IBRAHIM M. SHATLA et al

provide substantial cytoprotection against
peroxidative damage by modulating
cellular antioxidant systems (Fernando et
al., 2016). Additionally, Sharmila et al.
(2012) reported that rosmarinic acid had
potent anti-lipid  peroxidative  and
apoptotic effect in skin carcinogenic mice
models. It has been shown in an in vitro
study that carnosic acid has direct action
as an antioxidant (Azad et al., 2011).
Most pharmacological effects of R.
officinalis are the consequence of high
antioxidant activity of its main chemical
constituents, which include carnosol,
carnosic acid, ursolic acid, rosmarinic
acid, and caffeic acid (Ngo et al., 2011).
The  compounds  responsible  for
antioxidative activity of Rosmarinus
officinalis are mainly phenolic diterpenes
such as carnosoic acid, carnosol, rosmanol
(Amar et al., 2017), and other phenolic
acids, such as rosmarinic and caffeic acids
(Terpinc et al, 2009). It has been
reported that the antioxidant activity of
such RE phenolic compounds was related
to their hydroxyl group in addition to the
presence of a second hydroxyl group in
the ortho or para position which is known
to increase the antioxidative activity due
to additional resonance stability (Sakr et
al., 2010). Carnosic acid, carnosol and
rosmarinic acid have o-hydroxyl group
and possessed high antioxidative activity
(Abdella and Ahmed, 2009). The
mechanisms for protection of RE phenolic
compounds involves scavenging
potentially toxic and free radicals that
modulate activation of extra-cellular
signaling protein, tumor necrosis factor
(TNF), a major mediator of apoptosis and
inflammatory response and enhance high

antioxidative activity pathways (Chang et
al., 2008).

CONCLUSION

HFD decreased levels of serum HDL
and activities of serum antioxidative
enzymes SOD, GPx and catalase as well
as increased serum cholesterol, LDL, TG,
glucose, insulin, body weight, adiposity
index, and insulin resistance while R
officinalis extract increased levels of
serum HDL and activities of serum
antioxidative enzymes SOD, GPx and
catalase as well as decreased serum
cholesterol, LDL, TG, glucose, insulin,
body weight, adiposity index, and insulin
resistance in HFD fed rats.
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