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ABSTRACT

Objective: This study was carried out to investigate the potential of Dunaliella salina microalgae to ameliorate obesity induced by high-fat diet (HFD)
in male Wistar rats.

Methods: Fifty rats weighing 150-160 g were fed HFD for 12 weeks. The rats were randomly divided into five groups of ten rats each. Obese rats were
orally administered D. salina ethanolic extract (150 mg/Kg body weight), and orlistat as standard drug (12 mg/Kg body weight), for 6 weeks.

Results: Treatment of obese rats with both D. salina and orlistat had a significant effect in reducing body and liver weights as well as visceral fat, inhibiting
pancreatic lipase activity, decreased lipid profile, and increased fecal fat and ameliorating liver function enzymes activity, insulin, blood glucose, and leptin
levels. Besides, food intake was insignificantly increased as a result of D. salina and orlistat treatments compared with normal control rats.

Conclusion: It could be concluded that D. salina rich in 3-carotene significantly reduced body weight gain and ameliorated several metabolic pathways
implicated in obesity and its related complication. Hence, further intensive study must be carried out to formulate D. Salina extracts to apply as a

promising natural anti-obesity nutraceutical drug.
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INTRODUCTION

High obesity rate was observed worldwide, especially in developed
countries [1,2]. Increasing the intake of total energy in different diet
composition may cause the main reason in the development of obesity
and its related complications, such as cardiovascular and diabetes. In
addition, daily consumption of fast prepared foods in restaurant has been
associated with higher body fat. Obesity studies on rats revealed different
metabolic patterns dependent on the source of excess energy [3,4].

Fat-rich diet consumption affects lipid profile of the serum and the
composition of fatty acids, which is a principle factor in the lipid
metabolism improvement. Intake of the high saturated fatty acids
elevates the low-density lipoprotein-cholesterol (LDL-c) and decreases
the high-density lipoprotein-cholesterol (HDL-c) in the circulation,
a condition known as coronary artery disease, because the HDL-c is
correlated with the risk of atherosclerosis, while LDL-c is an critical
risk marker for cardiovascular conditions, so when found in high
levels in the blood, it induces the progress of atherosclerosis [5]. The
consumption of high-fat diet may be also connected with triglycerides
(TGs) accumulation in the liver and the subsequent non-alcoholic
hepatic disease development [5]. Hence, unsaturated fatty acid balance
is a principle when carefully choosing sources of food and those
monounsaturated and polyunsaturated fatty acids rich, especially,
polyunsaturated fatty acids long-chain to mimic atherosclerosis risk.

Adipocyte-secreted factors affect diverse processes including energy
balance and appetite, insulin sensitivity, lipid metabolism, and
inflammation [6,7]. It has been found that, obesity has been shown to
be related more directly to cardiovascular disease than subcutaneous
fat [8]. It is known that visceral fat store may be differentially reactive
to food composition and may generate factors not yet recognized which
may participate in difficulty of maintaining weight loss.

Dunaliella salina Teodorescu (Dunaliellaceae), a green alga species, is
one of the richest sources of f3-carotene, a secondary metabolite, and
a lipid-soluble orange pigment, used in food and feed as a coloring
agent. D. salina normally contains 5-10 mg of f3-carotene per gram dry
weight. However, the ratio increases up to 14% of dry weight in stress
conditions such as high salinity, high light intensity, food scarcity, and
extreme temperature. f3-carotene exhibits several important biological
activities, including preventing coronary heart disease and malignant
tumors, increasing cell division of lymphocytes, expanding the
immunological response, and controlling of growth [9]. In addition, the
antioxidant properties of 3-carotene help in eliminating free radicals.
Thus, f3-carotene, which has applications in several different industrial
sectors because of its numerous properties, is of great economic
importance [10].

Therefore, the aim of the present study is to investigate the role of
D. salina extract on obesity induced by high-fat diet (HFD) through
measuring different metabolic parameters including liver function
enzyme activities, body weight gain, organ weight, food intake, visceral
and fecal fats, blood glucose, insulin, leptin levels as well as pancreatic
lipase activity.

MATERIAL AND METHODS

Cultivation of D. salina
The organism was grown in conical flask 5 L containing BG11 nutrient
media according to Stanier et al. as presented in Table 1 [11].

1 ml/l from the micronutrient was added into the culture medium.
After autoclaving and cooling, pH of medium is about 7. The culture was
harvested by centrifugation at 5000 rpm and dried at 50°C and then
grounded into homogeneous fine powder.
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Ethanolic extract preparation of D. salina

For the preparation of the ethanolic extract, 100 g of D. salina powder
was soaked in ethanol (80%) and shacked on shaker (Heidolph
UNIMAX 2010) for 48 h at 150 rpm. The extract was filtered using a
Buchner funnel and Whatman No. 4 filter paper, and the algal residue
was reextracted with the addition of fresh 80% ethanol for another
2 times. Combined filtrates were concentrated using Rotary evaporator
(Heidolph-Germany) at 40°C under vacuum. The resulting dry extract
was evaporated on a rotary vacuum evaporator to dryness. The dry
extract was stored at —20°C in a freeze and kept for further analysis [12].

Biological assay
Experimental animals

Male albino rats (n=50) weighted 150+20 g were obtained from the
Animal House of the National Research Centre (NRC). Animals were
quarantined and allowed to acclimate for 10 days before beginning
experimentation. They were housed 10 per cage under temperature
controlled environment (26-29°C) with a fixed light/dark cycle with
free access to water and food. All procedures of the present study
were performed according to the Ethical Committee of the NRC, Egypt,
provided that the animals will not suffer at any stage of the experiment.

Induction of obesity in rats

Obesity was induced in rats according to the method of Adaramoye
et al. [13] by feeding rats high-fat diet (cholesterol), cholesterol was
orally administrated at a dose of 30 mg/0.3 ml olive oil/1 kg animal
5 times a week for 12 consecutive weeks, lard fat was mixed with
normal diet (ND) (1 kg of animal lard was added to 5 kg of ND), and the
occurrence of obesity was determined by measuring body weight gain
percentages, visceral, and fecal fat percentages.

Doses and routes of administration

Obese rats received an oral dose of 2 mg/kg body weight dissolved in
distilled water of the anti-obesity reference drug, orlistat (12 mg/kg)
for 6 weeks [14]. Orally administered 150 mg/kg body weight D. salina
ethanolic extract Ruperez et al. [15] for 6 weeks, respectively.

Determination of body weight gain and food intake

Body weight change and food intake were measured according to
method by Akase et al. [16]. Intake of food was measured weekly on
a cage basis and expressed as g of food/day. Initial body weight of all
animals was measured before they were fed with either ND or HFD for
12 weeks. At the end of each week, the weight gain (%) was calculated
as follows:

New weight W1 —Initial weight W0 N
Initial weight WO

Weight gain % = 100

Determination of fecal fat content

Fecal fat content of the rats was determined based on the slightly modified
method described by Bligh and Dyer [17] and Tsujita et al. [18]. Briefly,
feces (0.5 g) were soaked in 2 mL distilled water and homogenized
completely. It was then stored at 4°C for 24 h followed by homogenization
by vortex for 1 min. Extraction of lipids from feces was executed using
7.5 ml chloroform:methanol (1:2, v: v) for 30 min, followed by the
addition of 2.5 mL of chloroform and deionized water and shaking for
another 30 min. Resultant mixtures were then centrifuged at x2000 g for
15 min; the lipophilic layer was isolated and dried under vacuum.

Food consumption

Individual body weight gains were recorded before the study imitation
(day 0) and weekly thereafter. Mean body weight gains were calculated
for each group at each interval and for the overall testing interval.
During the study, food consumptions were measured weekly per cage
and mean food consumptions by individual rats were calculated [14].

Experimental design
Fifty male Wistar albino rats (5-6 weeks old) weighing at 150.00 + 10
g (mean * SD) (weight of rats on the day received from supplier). After
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adaptation period to the environment, the rats were randomly divided

into five groups (n=10/group) as follows:

e Group 1: Normal Diet (ND).

e Group 2: ND and treated with 150 mg/kg body weight of D. salina
for 12 consecutive weeks (ND/DS).

e Group 3: HFD treated rats for 12 weeks (obese rats).

e Group 4: Obese rats treated for 6 weeks with 150 mg/kg body weight
of ethanolic extract of D. salina (HFD/DS).

e Group 5: Obese rats treated for 6 weeks with anti-obesity standard
drug orlistat (12 mg/kg body weight) (HFD/OR).

Health conditions of all rats were monitored daily, and no adverse events
were observed throughout the study. At the beginning of the experiments,
the weights of all rats were recorded at 150.00+10.00 g (mean + SD) (weight
of rats after 10 days of acclimatization). All experiments and biochemical
analysis were conducted using 50 rats with triplicate measurements. The
permission to conduct this study was according to the ethics of NRC, Egypt.

Blood sample and collection of serum liver, kidney, heart, visceral
fats, and feces

Blood samples were obtained following an overnight fasting state at
the end of treatment (week 12) at 8 a.m. Samples were withdrawn
from a cubital vein into blood tubes under diethyl ether anesthesia and
immediately stored on ice at 4°C. The serum was then separated from
the cells by centrifugation at 3000 rpm for 10 min, and they were stored
until analyzing at -80°C [19]. After 12 and 18 weeks of treatment, all
the rats were sacrificed. The fats and organs such as the liver, kidney,
and heart were also weighed. Feces were collected in the final week of
the study for the determination of fecal fat content.

Biochemical measurements

Various biochemical parameters were measured including lipid
profiles of plasma TG, total cholesterol (TC), LDL-c and HDL-c
(Biodiagnostic, Egypt), liver enzymes of alanine aminotransferase
(ALT), alkaline phosphatase (ALP), aspartate aminotransferase
(AST), y-glutamyltransferase (y-GGT) (Biodiagnostic, Egypt), insulin
(Mercodia Rat Insulin enzyme-linked immunosorbent assay [ELISA] Kit,
Uppsala, Sweden), and leptin (RayBio Rat Leptin ELISA kit, Norcross,
GA, USA, Cat# ELR-Leptin-001). The concentration of LDL-c was
calculated by Friedwald’s formula [20]. Whereas, serum cholesterol,
TG, and HDL-c were determined using enzymatic colorimetric methods
according to Kostner [21]. Serum ALT and AST activity enzymes were
estimated according to the method of Reitman and Frankel [22]. ALP
was measured by the method of Belfield and Goldberg [23] using a
diagnostic kit (Biosystems, Egypt). Serum y-GGT activity was measured
according to the study described by Persijn and van der Slik [24] using
QCA Diagnostic kits (Spain). Pancreatic lipase activity was performed
according to Tsuzuki et al. [25].

Percentages changes and improvement

Mean of control -Mean of test
Percentage change = x100
Mean of control

Percentage of ~ Mean of diseased -Mean of treated N
improvement

100

Mean of control

Statistical analysis

Data are expressed as mean +SDM of 10 rats in each group. Statistical
analysis is carried out using SPSS computer program coupled with
CO-state computer program, where unshared letters are statistically
significant at p<0.05.

RESULTS

Effects of D. salina on percent body weight gain and food intake in
obese rats

The present study indicated in Table 2 showed a significant increase
in body weight gain in obese rats feed HFD for 12 weeks reached to
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140.63%, while a significant reduction in body weight gain in obese
rats treated with D. salina and orlistat with percentages 29.30% and
31.16%, respectively. However, an insignificant change was recorded
in food intake in obese and obese--treated rats either with D. salina or
orlistat standard drug as compared to control (Table 2).

Effects of D. salina on percentage of visceral and fecal fats in obese
rats

Table 3 clearly demonstrated a significant increase in visceral fat in
obese rats (G3) with percentage 285.81%. While, a significant reduction
in visceral fat in obese rats treated with D. salina (138.06%) was noticed

Table 1: BG11 nutrient composition

Macronutrient mg/1
NaNO3 1500.000
K,HPO, 40.000
MgSO0,.7H,0 75.000
CaCl,.2H,0 36.000
Citric acid 6.000
Na,CO, 20.000
Na,EDTA 1.000
Ferric ammonium citrate 6.000
Micronutrient g/l
H,BO, 2.860
MnCl,.4H,0 1.810
ZnS0,.7H,0 0.222
Na2Mo04.2H20 0.390
CuS0,.5H,0 0.079
Co (NO,) ,.6H,0 0.0494

Asian ] Pharm Clin Res, Vol 11, Issue 3, 2018, 312-318

compared with standard drug (180.00%). Further, a significant increase
in fecal fat was recorded in obese rats with percentage 110.29%,
compared to control rats. Obvious increase reached to two-fold increase
(324.26%) and two-fold and half (396%) in fecal fat in obese rats treated
with either with D. salina extract or standard drug, respectively.

Organ weights of obese rats treated with D. salina for 6 weeks

Table 4 indicated a significant increase in liver weight in HFD rats with
percentage increase 56.29%. Treatment of obese rats with D. salina or
orlistat as reference drug showed a significant reduction in liver weight by
18.47% and 27.76%, respectively, while insignificant change was detected
in cardiac and renal tissues in obese rats compared to normal control one.

Insulin, blood glucose, leptin levels, and pancreatic lipase activity
in obese rats treated with D. salina for 6 weeks

There was a significant increase in blood glucose, insulin, leptin levels,
and pancreatic lipase activity in obese rats (G3) with percentage
79.08, 52.00, 70.54, and 240.29%, respectively, compared to control
one. Noticeable normalization in insulin level and lipase activity was
recorded in treated obese rats with D. salina and orlistat. In addition,
blood glucose and leptin levels recorded improvement percentages
33.77% and 45.67%, for glucose, and 116.74% and 218.93%,
respectively, for leptin in obese rats medicated with D. salina or orlistat
as summarized in Table 5.

Effect of D. salina on liver function enzymes in obese rats for
6 weeks of treatment post-induction with HFD

Table 6 demonstrated an insignificant change in all liver function enzyme
activities in normal feed diet rats as compared to untreated control rats,
while obese-induced rats (G3) with HFD exhibited a significant increase

Table 2: Effects D. salina on percent body weight gain and food intake in obese rats

Parameter Control/ND Control/ND/DS HFD HFD/DS HFD/OR

[nitial body weight (g) 155.00%+5.16 157.00°+1.44 160.00%+2.32 389.00°+9.65 385.00+"8.88
Final body weight (g) 195.00°+4.99 189.00°+5.00 385.00°+3.26 275.00°+8.26 264.00°+7.20
Body weight gain (%) +25.811+2.88 +20.38+0.86 +140.63+6.87 -29.30+1.66 -31.16'+0.86
Food intake (g/week) 180.00°+6.77 179.00°+£2.66 176.00°+8.54 202.00°+5.54 189.00°+3.00

ND: Normal diet, ND/DS: Rats feed normal diet and treated orally with D. salina extract for 6 weeks. HFD/DS: Rats feed with HFD for 12 weeks and treated orally with
D. salina for 6 weeks post-induction. FHD/OR: Rats feed HFD and treated orally for 6 weeks with standard drug orlistat. Statistical analysis is carried out using SPSS
computer program, combined with Co-state computer program, where unshared letter is statistically significant at P<0.05, D. salina: Dunaliella salina

Table 3: Effects of D. salina on percentage of visceral and fecal fats in obese rats

Parameter Control/CND Control ND/DS HFD HFD/DS HFD/OR
Visceral fat (%) 1.55%0.55 1.54°+0.06 5.98°+0.71 3.69°+0.26 3.19¢+0.30
% Change 0.65 285.81 138.06 105.8

% Improvement - - 147.74 180

Fecal fat (%) 2.722%0.25 2.92°+£0.55 5.72b+0.91 11.54+0.78 13.50°+0.96
% Change 7.35 110.29 324.26 396.32

% Improvement 213.97 286.04

ND: Normal diet, ND/DS: Rats feed normal diet and treated orally with D. salina extract for 6 weeks. HFD/DS: Rats feed with HFD for 12 weeks and treated orally with
D. salina for 6 weeks post-induction. FHD/OR: Rats feed HFD and treated orally for 6 weeks with standard drug orlistat. Statistical analysis is carried out using SPSS
computer program, combined with Co-state computer program, where unshared letter is statistically significant at P<0.05, D. salina: Dunaliella salina

Table 4: Organ weights of obese rats treated with D. salina for 6 weeks

Parameter ND ND/DS HFD HFD/DS HFD/OR
Liver weight (g) 6.20°+0.16 5.70°+0.40 9.69°+0.36 7.90°+9.65 7.00°+8.88
% Change 8.06 56.29+ -18.47 -27.76
%Improvement 28.87 43.39
*Heart weight (g) 1.05°+0.09 1.10°+0.09 1.22¢+0.16 1.17°+0.26 1.26°+0.20
*Kidney weight (g) 2.80°+0.37 2.69°+2.66 2.76°£0.59 2.66°+0.14 2.67°+0.10

ND: Normal diet, ND/DS: Rats feed normal diet and treated orally with D. salina extract for 6 weeks. HFD/DS: Rats feed with HFD for 12 weeks and treated orally
with D. salina for 6 weeks post-induction. FHD/OR: Rats feed HFD and treated orally for 6 weeks with standard drug orlistat. Statistical analysis is carried out using
SPSS computer program, combined with Co-state computer program, where unshared letter is statistically significant at P<0.05.*Heart and kidney weights showed
insignificant change in obese and treated rats compared to control one. Statistical analysis is carried out using SPSS computer program, combined with Co-state
computer program, where unshared letter is statistically significant at P<0.05, D. salina: Dunaliella salina
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in all liver function enzymes under investigation. On the other hand, untreated rats. While, HFD (G3) rats recorded a significant increase
obese rats treated with D. salina extract showed marked normalization in all lipid profile biomarkers with percentages 90.65%, 99.73%, and
in liver enzymes activities compared with standard anti-obese drug. 53.64%, respectively, for TC, TG, and LDL-C. While, HDL-C showed a

However, y-GGT showed a significant increase with the percentage of

hed o 168.45% significant reduction (43.87%), compared to control rats. Meanwhile,
improvement reached to 45%.

obese rats treated with D. salina extract showed a significant reduction
in TC, TG, and LDL-C compared to obese rats with improvement

Effect of D. salina on lipid profile in obese rats for 6 weeks of
percentages 59.84%, 82.84%, and 39.10%, respectively. However, there

treatment post-induction with HFD

Table 7 declared an insignificant change in lipid profile in ND feed rats was a significant increase in HDL-C (65.77%), compared to obese rats
and treated with ethanol extract of D. salina except for HDL-C which induced by HFD. More or less similar matched results in lipid profile
showed significant increase (36.49 %), compared with normal control markers were obtained compared with D. salina.

Table 5: Insulin, blood glucose, leptin levels, and pancreatic lipase activity in obese rats

Parameter ND ND/DS HFD HFD/DS HFD/OR
Glucose (mg/dl) 83.20°+6.16 85.44°+5.40 149.00°+3.36 120.90°#3.00-45.31 111.00°+8.88-33.41
% Change - 2.69 79.08 33.77 45.67

% Improvement - - -

Insulin (Ul/U/ml) 7.25¢¢0.19 7.10°¢£0.76 11.029+0.16+52.00 8.17°£0.46 8.26°¢0.60
% Change - 2.11 - 12.69 13.93

% Improvement - - 39.31 38.07

Lipase (UL) 12.90°+2.22 12.60°+£1.00 22.00°+1.59 14.60°£1.14+13.18 12.67°+0.10
Change % - 2.33 70.54+ 57.36 1.78

% Improvement - - - 72.32

Leptin (ng/ml) 4.12°+0.02 3.90°+0.05-5.33 14.02°+0.06 9.21°¢0.55-123.54 5.009+0.45
Change % - 240.29+ 116.74 21.35-218.93

% Improvement - -

ND: Normal diet, ND/DS: Rats feed normal diet and treated orally with D. salina extract for 6 weeks. HFD/DS: Rats feed with HFD for 12 weeks and treated orally with
D. salina for 6 weeks post-induction. FHD/OR: Rats feed HFD and treated orally for 6 weeks with standard drug orlistat. Statistical analysis is carried out using SPSS
computer program, combined with Co-state computer program, where unshared letter is statistically significant at P<0.05

Table 6: Effect of D. salina on liver function enzymes in obese rats for 6 weeks of treatment post-induction with HFD

Parameter Control/ND Control/ND/DS HFD HFD/DS HFD/OR
ALT (U/1) 249.00+0.22 245.77+3.21 88.12+3.23 354.32+2.90 253.80+4.78
% Change 6.59 79.83 10.86 9.79

% Improvement 68.97 70.04

AST (U/]) 44.10+3.21 243.00+2.80 562.20+2.14 a50.11+3.11 €52.42+1.90
% Change 2.49 41.04 13.63 18.87

% Improvement 27.41 22.18

v-GT (U/1) a22.00+0.77 a21.00+2.71 565.96+4.16 €28.90+1.0 a25.06+0.67
% Change 4.55 199.82 31.36 13.90

% Improvement 168.45 185.91

ALP (U/D) 280.90+5.33 278.90+3.80 ©142.04+8.55 290.00+6.10 288.00+3.15
% Change 2.47 75.57 11.25 8.78

% Improvement 64.33 66.74

ND: Normal diet, ND/DS: Rats feed normal diet and treated orally with D. salina extract for 6 weeks. HFD/DS: Rats feed with HFD for 12 weeks and treated orally with
D. salina for 6 weeks post-induction. FHD/OR: Rats feed HFD and treated orally for 6 weeks with standard drug orlistat. Statistical analysis is carried out using SPSS
computer program, combined with Co-state computer program, where unshared letter is statistically significant at P<0.05, D. salina: Dunaliella salina

Table 7: Effect of D. salina on lipid profile in obese rats for 6 weeks of treatment post-induction with HFD

Parameter control/ND control/ND/DS HFD HFD/DS HFD/OR

TC (mg/dl) 2122.00£6.76 1126.00+3.66 232.6+4.45 4159.60+5.88 €139.88+6.00
% Change - 3.28 90.65 30.82 14.66

% Improvement 59.84 76.00

HDL-C (mg/dl) 235.90+1.20 49.00+£10.10 €20.15+£9.10 443.80+7.44 €30.97+2.10
% Change 36.49 43.87 22.00 13.73

% Improvement) 65.77 30.14

TG (mg/dl) 196.33+2.44 196.00+2.97 ©192.40+7.86 9112.60+6.80 2100.00+3.00
% Change 0.34 99.73 16.89 3.80

% Improvement 82.84 95.92

LDL-C (mg/dl) 2110.00+2.88 2100.00+4.00 v169.00+2.00 2126.00+£4.77 €129.00+9.00
% Change 0 53.64 14.55 17.27

% Improvement 39.10 36.36

ND: Normal diet, ND/DS: Rats feed normal diet and treated orally with D. salina extract for 6 weeks. HFD/DS: Rats feed with HFD for 12 weeks and treated orally with
D. salina for 6 weeks post-induction. FHD/OR: Rats feed HFD and treated orally for 6 weeks with standard drug orlistat. Statistical analysis is carried out using SPSS
computer program, combined with Co-state computer program, where unshared letter is statistically significant at P<0.05

315



EL-Baz and Aly

DISCUSSION

Obesity is defined as an elevation in adipose tissue mass and results
in a higher risk for cardiovascular, non-insulin-dependent diabetes
metabolic diseases, and stroke as well as an increased morbidity
incidence [14]. Our results demonstrated that the rats in normal (G1)
and HFD (G3) groups gained weight throughout the experimental
period when compared to the initial body weight, while a significant
decrease was observed post-treatment with D. Salina or Orlistat
groups (G4) and group (G5), respectively, when compared to G1.
Besides, there was an insignificant change of food intake in HFD group
when compared to normal and other groups. It was suggested that D.
salina may be act as orlistat which may be minimally absorbed from
the gastrointestinal tract, promotes significant weight loss when
used in the treatment of hypoenergetic diet, and lowers blood lipid
concentrations [26]. However, there was a significant increase in
weight of hepatic tissue in obese rats induced by HFD with percentage
56.29%. Marked reduction in liver weight by 18.47% and 27.76%
post treatment of obese rats with D. salina or orlistat. These results
are in contradictory with the findings of Abdul Rahman et al. [27] who
declared insignificant change in liver, kidney, and heart weights. The
rise in the weight of liver may be related to the accumulation of lipid
droplets in hepatic cells [5].

Results of the serum pancreatic lipase activity showed that there was
inhibition in G4 and G5 groups comparing with G3 which recorded a
significant increase in enzyme activity. On the other hand, D. salina
may be act as gastrointestinal lipases, mainly pancreatic lipase, which
is important for the TG hydrolysis to free fatty acids in the gut lumen,
through reduction in the dietary fat absorption by more than 30%,
thereby causes loss of weight near to or more than that get by putting
an individual on a fat-limited diet [14].

Higher values of serum lipid profile were observed in G3 when
compared to the G1. There was a significant increase in TG, TC,
and LDL-c levels in G3, while HDL-c decreased significantly when
compared with G1. However, there was a significant reduction in TG,
TC, and LDL-C levels, while noticeable elevation in HDL-C in G4 and
G5 when compared with G3. However, comparing results of HDL-C
level and LDL-C level between G3, G4, and G5 showed that there was a
significant increase in HDL-C level in G4 and G5 while opposite results
seen in LDL-c level. Besides, there was a significant reduction in TG
level and TC in G4 and G5 when compared to G3, respectively. These
results indicated that D. salina has better ameliorating effects than
standard drug on TG and TC, through pancreatic lipase inhibitors that
change balance of energy by lowering TG and cholesterol absorption
from the gastrointestinal tract as described by Shalaby et al. [14]
which may be through the microalgae binding to the lipase active site
serine residue [28]. Pancreatic lipase is concerned with absorption of
TG from the small intestine to the enterocytes, and if this initial TG
movement mechanism is blocked, we can prevent hyperlipidemia.
Thus, lipase inhibitor helps to restrict intestinal fat absorption and
could be documented as an important therapy for hyperlipidemia and
a promise as anti-obesity agents.

The currentresearch measured the efficacy of D. salina on the gain of body
weight, food intake, glucose level, lipid profile, liver function enzymes,
hepatic lipase, and leptin since these microalgae rich in omega-3 fatty
acids which is connected with low rate of cardiovascular diseases [29-
31]. The high levels of serum TC in rats feed HFD may be related to the
high lipid intake which is concerned also with the reduction in HDL- C
since the anti-atherogenic fraction was altered by the experimental HFD
[5]. Further, a dietrich in lipid is linked with the plasma glucose elevated
levels [5]. Treatment of obese rats with D. salina modulated high glucose
level which may be due to D. salina contains high fiber content which
is concerned with blood glucose level improvement, since fiber may
encourage low absorption of intestinal glucose [29-31].

Suppression in the activity of pancreatic lipase and the greater of
lipolysis is being considered the promising ways in controlling body
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weight [32]. The current research declared that restriction in the
lipid absorption from intestine may be the effective mechanism by
which the D. salina ethanolic extract may prevent weight gain in the
HFD-fed rats [32,33]. Thus, in the present study, the potential of D.
salina to enhance fecal fat excretion and subsequently excretion of
fecal fat energy explained the observed reduction in body weight
gain of the medicated rat. The presence of hypolipidemic compounds
in D. salina [29-31] may be, therefore, affects dynamics of lipid and
consequently prevents developing obesity of medicated rats. The
lowering effect of D. salina on TG, TC, and LDL-C might be related to a
reduction in the absorption of intestinal tract dietary cholesterol and /or
cholesterol synthesis interference. It was demonstrated that the dietary
fats absorption inhibition restricts the excess energy need for the fats
storage in adipose tissue, which was detected with the marked visceral
fats suppression in the treated rats. Hence, it could be speculated that
the amelioration in the levels of lipid profiles was related in partially to
the phytochemical contents of D. salina [29-31].

Arecentstudy of Safafar et al. [34] showed different classes of flavonoids,
such as isoflavones, flavanones, flavonols, and dihydrochalcones in
microalgae. Quercetin has been proved to show activities as antioxidant
and anti-obesity in animal models [35,36]. In other research,
chlorogenic acid markedly improving body weight, lipid metabolism,
and obesity-related hormone levels in obese mice [37].

The present data indicated that HFD in G3 increased serum AST, ALT,
ALP, and ¥- GGT enzymes significantly as compared to G1. Treatment of
obese rats with D. salina showed a significant decrease in the previous
parameters compared with G3. It has been suggested that HFD may play
principle effect in the fatty liver disease pathogenesis [5]. The highest
concentration of fat in the diet increased accumulation of the hepatic
TG in animals model, thus confirming fat accumulation in liver cells and
increased cell membrane permeability leading to enzyme leakage into
circulation [38].

The ameliorative effects of D. salina on hepatic enzyme activities may
be related to antioxidant effects of carotenoids and high content of
omega-3 fatty acids that could be beneficial in preventing oxidative
stress which play a role in liver injury by inducing synthesis of
glutathione, an important mediator against hepatocellular injury, hence
modulating liver function activities [29-31]. The lower blood glucose
post-treatment of obese rats with D. salina extract may be due to its
effect on estrogen [39].

The present study also showed that the serum leptin has a significant
increase in response to HFD as compared with G1 [14]. It has been
demonstrated that leptin is provided by adipose tissue to signal fat
storage reserves in the body and mediates long-term appetitive controls
(to eat more when fat storages are low and less when fat storages are
high) [14]. Leptin plasma concentration and mRNA expression in
adipose tissue are contributed to obesity severity, as an increase of fat
mass is linked with an increase of leptin which performs leptin maker
of the total fat mass [40]. Higher leptin levels in the serum of male
rats are attributed to the heavier body weight or the androgen, male
hormone [41]. Further, the leptin level variation is not always in run
parallel with the extent of body fat [39].

In addition, HFD led to rapid resistance of leptin Singh et al. [42]
and the resistance of leptin might cover the effects of leptin on the
obese conditions [39]. The results of the current research declared
general metabolic status amelioration after medication of obese
rats with D. salina. In this study, leptin levels in the D. salina treated
group were found to decrease by 123.54%, in accordance with the
reduction in mass of visceral fat and body weight. This is may be
due to the induced leptin resistance in the obese rats. Furthermore,
reduction in the level of insulin post-treatment of obese rats with D.
salina has been well known to play a principle role in demonstrating
leptin level [39].
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CONCLUSION

It could be concluded that D. salina significantly reduced weight gain.
It is also willing to demonstrate that there were no signs of diarrhea
or other abnormal symptoms or bowel activities in the medicated
rats, supposing that D. salina has no undesired effects as opposed to
the orlistat, reference drug of obesity, whereby symptoms of diarrhea
and abdominal inconvenience have been previously reported. Most
importantly, D. salina supplementation at the usage dosages did not
influence hepatic functions, suggesting that the dosages used safe for
the medication. This result was ascertained by acute oral toxicity study
on ethanolic extract of D. salina that provided no noticeable signs of
toxicity or death up to 5000 mg/kg body weight for 3 days of the study.
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