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ABSTRACT

Background: The prevalence and severity of obesity and associated co-morbidities such as type 2 diabetes
mellitus (DM), coronary heart diseases, and hypertension are rapidly increasing across the world. Curcuma
longa is one of the natural plant products that has many biological activities. Also, regular physical activity is
a protective wall against occurrence of many diseases. Objective: Determination of the effects of curcuma
longa (turmeric) extract or physical activity on certain metabolic aspects in obese adult male albino rats.
Materials and Methods: Forty male albino rats were used in this study, and divided into four equal groups:
Group I: served as a normal control non-obese group, group IlI: control obese group not exposed neither to
turmeric extract nor physical activity, group Ill: obese group exposed to physical activity, and group 1V:
obese group exposed to turmeric extract. At the end of the experimental period, blood samples were collected
for measuring blood glucose, glycosylated hemoglobin (HbAlc), C-peptide, total cholesterol, triglycerides
(TG), low density lipoprotein—cholesterol (LDL-C), and high density lipoprotein—cholesterol (HDL-C).
Results: High fat diet-induced obesity was associated with significant higher levels of blood glucose,
HbAlc, C-peptide, cholesterol, TG and LDL-C, and with significant lower levels of HDL-C levels as
compared with the control normal group. Administration of curcuma longa extract or physical activity in
obese rats caused significant lower levels of blood glucose, C-peptide, cholesterol, TG, and LDL-C,
significant higher level of HDL-C and insignificant changes in HbAlc as compared with the control obese
group. On the other hand, administrated curcuma longa extract produced insignificant changes in blood
glucose, HbAlc, C-peptide and cholesterol levels as compared to group of rats undergo physical activity,
while changes in TG, LDL-C and HDL-C in both groups were significant. Conclusion: Curcuma longa
extract or physical activity showed promise results for treatment of obesity and problems associated with
obesity such as insulin resistance and type Il diabetes by decreasing body weight, blood glucose,
improvement of insulin receptors, lipid profile and dyslipidemia associated with obesity. However, physical
activity showed more improvement in glycemic control and lipid profile than curcuma longa extract.
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INTRODUCTION overweight occur due to imbalance
between calories consumed and calories
utilized. Globally, the main reasons for
overweight and obesity are excessive
high-energy food intake, and physical
inactivity due to the increasingly

Obesity is a chronic disease of multi-
factorial origin, dependent on the complex
interaction between genetic, environmen-
tal, and epigenetic factors (Pereira-
Lancha et al, 2012). Obesity and
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sedentary nature of many forms of work
(Chandrasekaran et al., 2012).

Obesity is one of the main public
health problems in the world, being
considered a disease which worries due to
social, psychological and metabolic
issues. It is linked to the development of
co-morbidities that may even lead to death
(Pinheiro et al, 2004). Health
consequences due to obesity fall into two
broad categories:

1. Those attributable to the effects of
increased fat mass such as
osteoarthritis and obstructive sleep
apnea, as the extra weight puts added
stress on every part of individual’s
body (Chandrasekaran et al., 2012).

2. Those due to the increased number of
fat cells such as diabetes mellitus,
cancer, cardiovascular disease and
non-alcoholic  fatty liver disease
(Bray, 2004). Increased fat also
creates a proinflammatory state, and a
prothrombotic state (Shoelson et al.,
2007).

During the last decade, an increase in
the use of medicinal plants and herbal
medicine has been observed all over the
world (Dhaliya et al., 2013). Curcuma
longa Linn has been used in folk
traditional medicine as a household
remedy for a wide range of pathological
conditions such as arthritis, diarrhea and
cancer (Micucci et al., 2013). Biological
and pharmacological  properties of
curcuma longa has been shown to exert
several biological actions such as anti-
obesity, anti-atherosclerosis, anti-diabetes,
anti-mutagenesis, anti-cancer, and anti-
oxidation effects (Orellana-Paucar et al.,
2012 and Witkin & Li, 2013).

Reduced daily physical activity in
healthy young adults is associated with
negative metabolic consequences such as
decreased insulin sensitivity and increased
abdominal fat (Olsen et al., 2008).

The present study was a trial to
determine the effects of administration of
curcuma longa extract or physical activity
on certain metabolic aspects in obese adult
male albino rats.

MATERIALS AND METHODS

ANIMALS: The present work was
carried out on 40 adult male albino rats of
local strain, ranging in weight between
100 — 150 gm. Rats were brought from
(Nile Pharmaceuticals Company) and
were kept in suitable cages (30 x 50 x 30
cm for every 5 rats) at room temperature
with the natural light dark cycle. They
were maintained on a balanced diet and
green vegetables with free water supply
and left to acclimatize to environment for
two weeks prior to inclusion in the
experiment. After acclimatization, 30 rats
were exposed to special fat diet regimen
for 3 months for induction of obesity.

Rats were divided into four equal groups
as follows:

e Group I: Control normal group (not
exposed neither to turmeric extract nor
physical activity).

e Group II: Control obese group (not
received neither turmeric extract nor
undergo physical activity).

e Group Ill: Obese group underwent
physical activity 5 days/week for 4
weeks.

e Group IV: Obese group received
curcuma longa extract in a dose of 50
mg/kg/day for 4 weeks.



251

EFFECTS OF CURCUMA LONGA (TURMERIC) EXTRACT OR PHYSICAL...

Curcuma longa extract preparation:
Curcuma longa (turmeric) powder was
purchased from a local market. Ten grams
of fine-powdered turmeric were weighed
and mixed with 100 ml of water, kept
in a water bath at 60°C for two hours
and filtered. This extract was diluted in
water (1:10) and administered orally to
rats by feeding tube (Asadi et al., 2014).
Rats received 50 mg/kg/day of curcuma
longa extract for 4 weeks (Sengupta et
al., 2011).

Induction of obesity: The experimental
diet (g/kg diet) was according to the
formula of Kim et al. (2005). It included
the normal diet for control group (5% fat,
carbohydrates 65%, proteins 20.3%, fiber
5%, salt mixture 3.7%, and vitamin
mixture 1%). The obesity induced by high
fat diet (HFD) contained fat 46%,
carbohydrates 24%, proteins 20.3%, fibers
5%, salt mixture 3.7%, and vitamin
mixture 1%). Normal and high fat diet
constituents were purchased from El-
Gomhoria Company, Cario, Egypt. HFD
was preserved at 4 ?C until used.

Calculation of Body mass index: Rats
were weighed and the naso-anal lengths
were measured on a calibrated platform to
calculate the body mass index [BMI =
body weight / lengths? (kg/m?)] (Joan et
al., 2006).

Physical activity program: Rats in group
11 were subjected to swimming in a
swimming plastic barrel 50 cm diameter
with a depth of 50 cm filled with tap water
at 32+2 C. Rats were given the chance to
stay in water on the 1% day for 10 min/day
till reaching 60 min/day on the sixth day
to be familiar and adapt with water. The
exercise protocol was continued 5 days

per week for 4 weeks (Estadella et al.,
2004).

Collection of blood samples: After
calculating the body mass index, blood
was collected (3 ml of blood for each)
from the retro-orbital plexus (Pauli et al.,
2006).To obtain serum, the blood was
collected into a glass centrifuge tube. It
was rapidly set to centrifuge at 5000
r.p.m. for 10 minutes. Serum was sucked
out into Eppendorf tubes and stored frozen
at -207C until required for determination
of blood glucose level (Burtis and
Ashwood, 2011), glycosylated hemoglo-
bin (HbA1c) level (Nathan et al., 1984),
serum C-peptide protein level (Ashby and
Frier, 1981), and serum levels of TG
(Fossati and Prencipe, 1982), total
cholesterol (Allain et al., 1974), and
LDL-C & HDL-C (Lopez, 1977).

Statistical analysis of data: Data manage-
ment and analysis were performed using
Statistical Package for Social Sciences
(SPSS) wversion 21. All results were
expressed as means + standard deviations
(SD). Statistical comparisons between
different groups were done using one-way
analysis of variance (ANOVA) followed
by the Tukey-Kramer multiple compari-
son test to judge the difference between

various  groups.  Significance  was
considered at P<0.05.
RESULTS

Effect of curcuma long extract or
physical activity on body weight, length
and body mass index (Fig. 1 and 2):

After the period of induction of obesity
and before the treatment, there were
significant high values of body weight
(313.4+19.2 g), length (20.1+£0.9 cm), and
BMI (7.7£0.5 g/cm?) of rats in control
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obese group (group Il) as compared to
control non obese group (group )
(130+5.6 g), (16.5+0.5 cm) and (4.8+0.1
g/cm?) respectively. In comparison to
control obese group (group II), body
weight (379.1+18.6 g) and BMI (8.1+0.5
g/cm?) showed significant low levels
following physical activity (346.9+26.3 )
and (6.2+0.4 g/cm?) respectively, and

insignificant change in length (19.1+1.2
cm). In comparison to control obese
group, body weight and BMI showed
significant low level following curcuma
longa extract administration (312.1+15.5
g) and (5.9+0.3 g/cm?) respectively, but
insignificant change in length (19.6.+0.7
cm) in group IV in comparison to group Il
(20.3£0.8).
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Figure (1): Mean + SD of body weight, length and body mass index following induction

of obesity.
*, significant as compared to control

Effect of curcuma long extract or
physical activity on blood glucose level
(mg/dl) and HbA1c (%):

High fat-diet in group Il led to
significant higher levels of blood glucose
(163.1£32.9) as compared with group |
(92.4£16.8). Physical activity in group 11
and curcuma longa administration led to
significant decrease in blood glucose
levels (93.1+22.2 and 113.1+16.3
respectively) as compared with group Il
(163.1+32.9). There were insignificant
high values of blood glucose levels in
group IV (113.1+16.3) as compared with

group I (93.1+22.2)-(Fig. 3). High fat-
diet in group Il caused significant higher
levels of HbAlc levels in group Il
(6.1+0.9) as compared with group |
(4.8£0.7). Physical activity  and
administration of curcuma long caused
insignificant change of HbAlc levels in
group 1 (5.5£1.0) and group IV (5.9+0.8)
respectively in comparison to group Il

(6.1£0.9). In addition, there were
insignificant higher values of HbAlc
levels in group IV (5.9+0.8) in

comparison to groups Il (5.5+1.0)- (Fig.
4).
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Figure (2): Mean = SD of body weight, length and BMI in different studied groups at the

end of the experiment.

# significant compared with normal group, ~ significant compared with obese group.

Effect of curcuma long extract or
physical activity on C-peptide level (pg/
ml) (Fig. 5):

C-peptide levels were significantly
high in group Il (87.3+3.2) in comparison
to group 1| (38.2+3.4). A significant
decrease in C-peptide levels occurred in
groups I1 (82.1+2.9) and 1V (83.2+2.8) in
comparison to group Il (87.3+£3.2). There
were insignificant high value of C-peptide
levels in groups IV (83.2+2.8) in
comparison to groups 111 (82.1+2.9).

Effect of curcuma long extract or
physical activity on lipid profile (Fig.
6):

There were significant high levels of
total cholesterol in groups Il (79.5+4.7) in
comparison to group | (56.3£3.6). Total
cholesterol levels showed significant low
levels in groups Il (69.4+4.0) and IV
(70.2+2.6) in comparison to group I

(79.5%4.7). There were insignificant high
values of total cholesterol level in groups
IV (70.2+2.6) in comparison to groups Il
(69.4+4.0).

There were significant high levels of
TG in groups Il (87.3£3.0) in comparison
to group | (57.1+£3.2). There were
significant lower levels of TG in groups
I (63.3£5.0) and IV (74.0£5.6) in
comparison to group Il (87.3£3.0). There
were significant high levels of TG in
group IV (74.0£5.6) in comparison to
group 11 (63.3£5.0).

There were significant high levels of
LDL-C in group Il (20.8+3.4) in
comparison to group | (10.3£1.7). There
were significant low levels of LDL-C in
groups Il (7.2£2.6) and 1V (12.7+£2.9) in
comparison to group Il (20.8+3.4). There
were significant high levels of LDL-C in
group IV (12.7£2.9) in comparison to
group 11 (7.2£2.6).
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There were significant low levels of
serum HDL-C in groups Il (31.2+1.7) in
comparison to group | (34.5+1.9). There
were significant high levels of HDL-C in

(42.7£2.9) in comparison to group Il
(31.2+£1.7). There were significant low
levels of HDL-C in group IV (42.7£2.9)
in comparison to group Il (49.6+2.8).
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Figure (3): Mean £ SD of blood glucose levels in different studied groups at the end of

the experiment.

# significant compared with normal group. * significant compared with obese grou

=
a a
5 g g
71 & . H &
=] ¥ n L
61 @&
<
X 5
g e
e
T 37
2-
1-
0 T T T 1
Group | Group Il Group Il Group IV

Figure (4): Mean = SD of HbAL levels in different studied groups at the end of the

experiment.

# significant compared with normal non obese group.
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Figure (6): Mean + SD of total cholesterol, TG (triglycerides), HDL-C and LDL-C levels
in different studied groups at the end of the experiment. # significant compared

with normal group.
* significant compared with obese group.

A significant compared with curcuma longa group.

DISCUSSION

Obesity has been considered an
emerging health problem and a leading
preventable cause of death worldwide
(Shehzad et al., 2011). It is one of the risk
factors for many diseases prevalent in the

world including type 2 diabetes, coronary
heart diseases (Philip, 2008), hyperten-
sion, obstructive sleep apnea, osteoarthri-
tis of large and small joints and increased
incidence of certain forms of cancer
(Zarghami et al., 2008).
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The results of the present study
revealed significant higher levels of blood
glucose and C-peptide in control obese
group (group Il) as compared to control
non obese group (group ). Obesity is
associated with numerous metabolic
abnormalities including insulin resistance
and is considered one of the most
important risk factors for type 2 diabetes
(Sindelka et al., 2002). Even moderate
obesity dramatically increases the risk of
diabetes (Saltiel and Khan, 2001). In
obese individuals, adipose tissue releases
increased amounts of non-esterified fatty
acids (NEFAs) (Karpe et al., 2011),
glycerol, hormones (Kahn et al., 2006),
pro-inflammatory cytokines (Gregor and
Hotamisligil, 2011) and other factors that
are involved in the development of insulin
resistance which is accompanied by
dysfunction of pancreatic islet p-cells
resulting in failure to control blood
glucose levels. Other studies suggested
that insulin resistance is an adaptive
secondary response to prevent further
weight gain (Gisela, 2005). Muscelli et
al. (2001) found that fasting and steady-
state plasma C-peptide levels were about
three times higher in the obese compared
to the non-obese group. C-peptide level
was higher in subjects who particularly
had abdominal obesity with increased
waist hip ratio (Kumar et al., 2005).

Administration of curcuma longa
extract to obese rats significantly lower
levels of blood glucose and C-peptide.
These results were in consistence with a
study has done by Nwozo et al. (2009),
Olatunde et al. (2014) and Aizman et al.
(2015) who reported that administration of
regular diet with powder rhizome of
curcuma longa significantly decreases
blood glucose level in the diabetic group

compared with those diabetic fed on
regular diet without powder rhizome of
curcuma longa, while a little higher levels
than in the control animals. Also, in intact
rats receiving powder rhizome of curcuma
longa blood glucose concentration was
significantly lower than in the control
group. Curcumin showed a better overall
function of p-cells, with higher
homeostasis model assessment of B-cell
function (HOMA-pB) and lower C-peptide
level (Chuengsamarn et al., 2012).
Curcumin  reduces many of the
inflammatory signals known to be
overactive in diabetes as cytokines,
interleukin 6, interleukin 1 and TNFa and
improves the action of disrupted insulin-
response pathways in diabetes (Shishodia
et al., 2005).

One of the reasons for decreasing
blood glucose after ingestion of turmeric
may be a reduction of the absorption rate
of carbohydrates in the gastrointestinal
tract due to inhibition of the Na*-glucose
co-transporter (Vallon et al., 2013). Also,
reducing insulin resistance (Xi et al.,
2007) and glycogenesis process (Aizman
et al., 2015) may play an important role in
maintaining the glucose concentration in
plasma. Curcuma longa extract may
contain biomolecules that can modify or
stimulate insulin receptors, modify the
structure of glucose transport protein 4
(GLUT 4) and may inhibit insulin
antagonist within the body (lgbakin and
Oloyede, 2009).

The results of the present study showed
significant lowering of blood glucose
levels and C-peptide in physical activity
group, as compared to control obese
group, but insignificant difference between
physical activity group and group of rats
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administrated curcuma longa extract.
Frequent physical activity is associated
with  lower systemic inflammation,
improved insulin sensitivity and reduced
insulin resistance proved by lowering
effect of regular physical activity on
insulin and C-peptide levels (Pischon et
al., 2003). Sohaily and his Co-workers
(2012) showed that regular exercise by
non-athletic obese subjects significantly
reduces glucose level and insulin
resistance and bring about significant
changes in weight loss, body fat
percentage and body mass index.
Increased insulin sensitivity may be due to
decrease in glycogen concentrations
(Bloem & Chang, 2008).

The results of the present study
revealed significant higher levels of
HbAlc in control obese group as
compared to control non obese group.
These results were in agreement with that
of Shrestha et al. (2012) and Zago et al.
(2013) who found significant higher level
of HbAlc and a positive association with
glucose level and the TG/HDL-C ratio in
diabetic and obese subjects.

Administration of curcuma longa
extract to obese rats insignificantly lower
HbAlc levels as compared to control
obese group. Turmeric can reduce HbAlc
level by reduction in hepatic glucose
production and glycogen synthesis and
stimulation of glucose uptake by
increasing GLUT4, GLUT2 and GLUT3
gene expressions (Ghorbani et al., 2014),
increasing activation of adenosine mono-
phosphate (AMP) kinase (Kim et al.,
2015), promoting peroxisome proliferator-
activated receptor gamma ligand-binding
activity (Ghorbani et al., 2014), suppres-
sing hyperglycemia-induced inflammatory

state (Grynkiewicz and Slifirski, 2012),
stimulation of insulin secretion from
pancreatic  tissues, improvement in
pancreatic cell function (Abdel Aziz et
al., 2013), increasing phosphorylation of
protein kinase B (Campos, 2012), insulin
receptor B and reduction of insulin
resistance.

The current study showed insignificant
lower levels of HbAlc in physical activity
group as compared to control obese group
and group of rats administrated curcuma
longa extract. Physical activity improves
glucose uptake in muscles, reflected by
reduced need for insulin and lower HbAlc
level (Beraki et al., 2014). There were
significant improvements in the mean
HbAlc reading pre and post training in
resistance and treadmill exercise groups
(Bweir et al., 2009). Also, Tokmakidis et
al. (2004) found that HbAlc was
significantly lower following 4 and 16
weeks of training compared to baseline.

The results of the present study
revealed significant higher levels of serum
TG, total cholesterol and LDL-C, but
significant lower levels of serum HDL-C
in control obese group as compared to
control non obese group. High fat diet
induced significant increase in the mMRNA
expression of PPAR-y & C/EBPa, fatty
acid  synthase  (FAS), acetyl-CoA
carboxylase (ACC), adipocyte protein 2
(aP2), and lipoprotein lipase (LPL) in
white adipose tissue compared with the
normal diet-fed rats causing dyslipidemia
(Kim et al., 2016). Masur et al. (2008)
observed marked elevation of serum
NEFAs, cholesterol and TG in overweight
individuals irrespective of the dietary
intake of fat. The insulin resistance in
adipose tissue results in increased activity
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of the hormone-sensitive lipase, which is
probably sufficient to explain the increase
in circulating NEFAs. The excess NEFAs
are carried to the liver and converted to
TG and cholesterol. Excess TG and
cholesterol are released as very low
density lipoprotein particles, leading to
higher levels of both triacylglycerol and
cholesterol.

Administration of curcuma longa
extract to obese rats caused significant
lower levels of serum total cholesterol,
TG and LDL-C levels, but significant
higher levels of HDL-C in the group of
rats. Nwozo et al. (2009) found that there
iIs a significant high levels of total
cholesterol and triglycerides in diabetic
rats not receiving curcuma longa extract
compared to diabetics receiving curcuma
longa extract or non-diabetic rats and, this
implies that the curcuma longa extract
exhibits  hypolipidemic effect. Also,
Pashine et al. (2012) showed decreased
serum total cholesterol, TG and LDL-C in
overweight hyperlipidemic subjects taking
oral extract of curcuma longa compared to
those on placebo treatment. Asadi et al.
(2014) found that curcuma reduces
cholesterol, TG and LDL-C and increases
HDL-C in fructose-fed rats. Also, oral
administration of the aqueous rhizome
extract of curcuma longa to the diabetic
rats significantly reduced the level of
triglycerides, total cholesterol, and LDL-C
and significantly increases the level of
HDL-C (Olatunde et al., 2014). The
results suggest that aqueous extract of
curcuma longa rhizome  possesses
potential therapeutic value in combating
atherosclerosis. Kim et al. (2016) found
that fermented curcuma longa suppressed
body weight gain, reduced white adipose
tissue weight TG, and cholesterol in high-

fat diet-induced obese rats due to
suppression of adipocyte differentiation
and lipogenesis with a decrease in the
MRNA expressions of FAS, ACC, aP2,
and LPL. In addition, it increased lipolysis
and p-oxidation by up-regulating the
expression of lipases such as adipose
triglyceride  lipase, hormone-sensitive
lipase, adiponectin, and AMP-activated
protein kinase. The lowering effect of
curcuma longa extract on lipid profile was
considered to be related to the increased
expression of LDL-C receptors (Dou et
al., 2008), decreased cholesterol uptake in
the intestines, increased conversion of
cholesterol to bile acids in the liver and
increased cholesterol fecal excretion
(Akram et al., 2010). Also, it may be due
to an increase in the activity of hepatic
cholesterol 7 alpha-hydoxylase thereby
enhancing cholesterol catabolism
(Houston et al., 2009) or due to changes
in gene expression involved in cholesterol
homeostasis (Peschel et al., 2007 and
Kim et al., 2011).

The results of the current study showed
that physical activity significantly lower
levels of serum TG and LDL-C, but
significant high levels of HDL-C as
compared to control obese group and
group of rats administrated curcuma longa
extract. The levels of total cholesterol
were significantly low in physical activity
group than in control obese group, but
insignificant difference of total cholesterol
of physical activity group and group of
rats administrated curcuma longa extract.
Exercise especially prolonged exercise
leads to increased insulin sensitivity,
reduces insulin resistance and improves
lipid profile in obese individuals and
obesity-related diseases (Bloem and
Chang, 2008).



EFFECTS OF CURCUMA LONGA (TURMERIC) EXTRACT OR PHYSICAL...

CONCLUSION

Curcuma longa extract or physical
activity exerted anti-obesity effects and
showed promise results for treatment of
the problems associated with obesity such
as insulin resistance and type Il diabetes
by decreasing body weight, blood glucose
level, C-peptide level, total cholesterol,
triglycerides, LDL-C and increasing
HDL-C level however, physical activity
showed more improvement in glycemic
control and lipid profile than curcuma
longa extract. Further studies should be
done to evaluate the effect of other doses
of curcuma longa extract with and without
physical activity on obesity, diabetes
mellitus and other metabolic disorders.
Also, to evaluate the effect of different
modes, intensities and durations of
physical activity with and without
administration of curcuma longa on
metabolic  changes associated  with
obesity.
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