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ABSTRACT

Background: hyperlipidemia is a group of heterogeneous disorders characterized by an elevation of lipids in the
blood stream. It accounts for the high danger of coronary heart disease and atherosclerosis which is known as a silent
killer.

Objectives: The aim of work was to evaluate the possible protective effects of Aphanizomenon flos-aquae (AFA) as a
natural hypolipidemic product on the cardiac muscle of adult male albino rats, in comparison with Slimquick as a
synthetic hypolipidemic drug and their ability to treat hyperlipidemia or to prevent it.

Material and methods: fifty six male albino rats (Rattus albinus) were used and categorized into eight groups
(7rats/group) .The 1 group (C) rats were used as a control, the 2™ group (H) rats were treated with high fat diet
(HFD) (2% cholesterol) to induce hyperlipidemia for 4 weeks only then scarified, the 3 group (A) rats were orally
administrated with AFA only for 4 weeks(94.5 mg/kg body weight /day), the 4" group (H+A,) rats were treated with
HFD enriched with 2% cholesterol for 2 weeks to induce hyperlipidemia and the other 2 weeks were fed on the same
HFD plus AFA extract administration, the 5" group (H+A.) rats were treated with HFD diet enriched with 2%
cholesterol for 4 weeks to induce hyperlipidemia and then they were fed on normal basal diet (BD) plus AFA extract
administration for another 2 weeks, the 6™ group (S) rats were orally administrated with Slimquick only for 4 weeks
(5 mg orlistat/rat/day), the 7" group (H+S;) rats were treated with HFD diet enriched with 2% cholesterol for 2 weeks
to induce hyperlipidemia and the other 2 weeks rats were fed on the same HFD plus Slimquick extract administration,
the 8™ group (H+S;) rats were treated with HFD diet enriched with 2% cholesterol for 4 weeks to induce
hyperlipidemia and then they were fed on normal basal diet (BD) plus Slimquick extract administration for another 2
weeks.

Results: the biochemical parameters showed a highly significant increase in the mean value of LDH and CK in the
cardiac muscle fibers of the high fat diet group. Many histopathological and histochemical changes were detected in
the cardiac muscles of the high fat diet group. Meanwhile, treatment with AFA or Slimqguick ameliorated the
biochemical parameters, histological and histochemical results; but using AFA extract arrived to decrease the strong
changes which were observed in the cardiac muscle fibers of the high fat diet group more than that observed with
Slimquick.

Conclusion: Aphanizomenon flos-aquae extract as a natural product and Slimquick as a synthetic drug ameliorated
the biochemical, histopathological and histochemical changes in the cardiac muscle of the hyperlipidemic rats.
Aphanizomenon flos-aquae extract proved to be a better hypolipidemic agent than Slimquick.

Keywords: Aphanizomenon flos-aquae (AFA), Slimquick, Orlistat, male albino rats, hyperlipidemia, LDH, CK.

INTRODUCTION antitumor, anti-inflammatory, anti-allergic,

Hyperlipidemia has been graded as one of
the greatest peril factors lead to the pervasiveness and
sharpness of coronary heart diseases . Medicinal
plants are used for various research causes. More than
thirteen thousand plants have been studied for different
pharmacological properties @.

Caro et al. ® showed that blue-green algae
(BGA) (cyanobacteria) are among the most primal life
forms on the earth and have been swill as food or
medicine by humans for centuries. Edible blue-green
algae, as well as Spirulina, Nostoc and
Aphanizomenon species, are used for food for
thousands of years. Singh et al. ® and EI-Depsi ®
reported that BGA have antiviral, antioxidant,
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antibacterial and anti-diabetic properties as well as
lipid-lowering effects. In the early 1980s, a new BGA
species Aphanizomenon flos-aquae (AFA) appeared
on the market. AFA is a fresh water unicellular blue-
green alga that is consumed as a nutrient-dense food
source and for its health-enhancing properties®. AFA
as a species have both nontoxic and toxic forms. Most
sources global are toxic.

AFA from Klamath Lake is a non-toxic type of
algae of the cyanobacteria phylum @ and it has gained
vogue in USA, Germany, Korea, Canada, Austria and
Japan. It contains 68 minerals, 20 antioxidants, 70
trace elements, B vitamins, all amino acids and
important enzymes ®.
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This alga is rich in protein (63-69% dry weight),
carotene, vitamin B12 and other biologically-active
compounds. AFA contains a high concentration of a-
linolenic acid (18:3n3), which at a concentration of 10-
15% in the rat diet consider an excellent source of n-3
polyunsaturated fatty acids ©. It is an exceptional
source of carotenoids (more than 240 retinol
equivalents per gram). Beta-carotene, as well as other
carotenoids, has been shown to be a forceful
antioxidant, helpful in the avoidance of cardiovascular
diseases and cancer 19, Slimquick (Orlistat) is a fat
burner and acts as active site-directed inhibitor of
digestive lipases, thus, effectively decreases dietary fat
absorption and reduces triglycerides and total
cholesterol in plasma. 9,

Morris et al. @ found that Orlistat remains the
most common drug in treatment of obesity; They also
reported that people using orlistat are likely to have
varying underlying risks of intense liver events from
non-users owing to obesity and its co morbidities and
many studies would be inadequate to fully account for
these necessary differences.

The aim of the current work was to evaluate
the possible protective effects of Aphanizomenon flos-
aquae (AFA) as a natural hypolipidemic product on
the cardiac muscle of adult male albino rats, in
comparison  with  Slimquick as a synthetic
hypolipidemic drug and their ability to treat
hyperlipidemia or to prevent it.

MATERIALS AND METHODS

Experimental animals

Fifty six male albino rats (Rattus albinus) of average
body weight 130£20 g were used in this study. They
were obtained from the animal house of the Egyptian
Holding Company for Biological Products and
Vaccines (Cairo, Helwan, Egypt). The experimental
healthy animals were housed in a conditioned room in
separate metal cages. Fresh and clean drinking water
was supplied. Rats were kept at constant
environmental and nutritional conditions throughout
the period of the experiment. The animals were kept 2
weeks for acclimatization before the beginning of the
experiment.

Ethical Approval

Approval for this study was obtained from the ethics
committee of Al-Azhar University, Faculty of science,
Egypt. This study was conducted in accordance with
ethical procedures and policies approved by Animal
Care and Use Committee of Faculty of Medicine, Al-
Azhar University, Cairo, Egypt.

Induction of hyperlipidemia

Induction of hyperlipidemia in male albino rats was
carried out by feeding high fat diet (HFD) which was
consisted of normal diet supplemented with 2.0%
(wt/wt) cholesterol (979.8 g of normal diet mixed with
20.2 g of cholesterol powder) @2,

Preparation of AFA and its dosage

AFA extract is manufactured in the Germany in the
form of capsules (350 mg) and it was obtained from
German Egyptian Pharmaceutical Company. AFA was
used at dosage of 94.5mg/kg body weight/day
according to @4, AFA extract was prepared by
dissolving it in distilled water and then the drug was
administered orally by gastric tube. This dose is
equivalent to the human dose by conversion factor
(0.018)/200 g of body weight of a rat according to the
method of (9,

Preparation of Slimquick and its dosage

Slimquick is a white to off-white crystalline
powder. It was bought in the form of capsules for oral
administration. Each capsule contains a pellet
formulation consisting of 120 mg of the active
ingredient, Orlistat, as well as the inactive constituent
microcrystalline cellulose, sodium lauryl sulfate,
sodium starch glycolate, povidone and talc 9. It was
given daily at dosage of 5 mg orlistat/rat according to
method @7, The drug was dissolved in distilled water
and administered orally twice daily.

Experimental design
The experimental animals were randomly

categorized into eight groups (7/cage) under the same

conditions and fed on rodent diet. They were classified
as follows:

e Group 1-The control group (C): rats were fed
normal basal diet (BD) .

e Group 2-High fat diet group HFD (H): rats
were treated with high fat diet (HFD) enriched
with 2% cholesterol to induce hyperlipidemia for 4
weeks.

e Group 3- AFA group (A): 94.5mg/kg body AFA
was orally administrated daily for 4 weeks.

e Group 4- H+Al group: rats were treated with
HFD diet enriched with 2% cholesterol for 2
weeks to induce hyperlipidemia and the other 2
weeks were fed on the same HFD plus AFA
extract administration (94.5 mg/kg body weight
/day).

e Group 5- H + A2 group: rats were treated with
HFD diet enriched  with 2% cholesterol for 4
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weeks to induce hyperlipidemia and then they
were fed on normal diet (BD) plus AFA extract
administration (94.5 mg/kg body weight /day) for
another 2 weeks.

e Group 6- Slimquick (S): rats were orally
administrated orlistat only for 4 weeks (5 mg
orlistat/rat/day).

e Group 7- H+S1 group: rats were treated with
HFD diet enriched with 2% cholesterol for 2
weeks to induce hyperlipidemia and the other 2
weeks rats were fed on the same HFD plus orlistat
extract administration (5 mg orlistat/rat/day).

e Group 8- H + S2 group: rats were treated with
HFD diet enriched  with 2% cholesterol for 4
weeks to induce hyperlipidemia and then they
were fed on normal diet (BD) plus orlistat extract
administration (5 mg orlistat/rat/day) for another 2
weeks.

The experimental rats were sacrificed after 4 and 6
weeks post-treatment.

Collection of rat’s serum

At the end of the experiment, animals were
decapitated and blood samples were collected from the
retro-orbital plexus. Heart functions were assessed by
measuring the levels of serum LDH and CK.

Biochemical analyses

The activities of serum lactate dehydrogenase
LDH (U/L) was assayed by the kinetic method
using available commercial kits according to @9,
Creatine phosphokinase CK(U/L) was determined

by optimized UV-test according to the method of
(19).

Histological and histochemical techniques

Small pieces of the myocardium of the left
ventricle were taken from the control and all the
treated groups once the animals were sacrificed.

The specimens were fixed in 10% neutral
buffered formol solution and Bouin's solution for the
histological and histochemical studies. Specimens
were washed and dehydrated in ascending grades of
alcohol, cleared in xylene and embedded in paraffin
wax. Sections were then cut at 5u thickness and
stained by haematoxylin and eosin stain, collagen
fibers were stained by using Mallory's trichrome stain,
polysaccharides were detected by using periodic acid
Schiff’s (PAS) reagent, total proteins were detected by
using mercuric bromophenol blue method and

amyloid-B protein was detected by Congo red
technique @9,

Quantitative histochemical analysis

The optical density of histochemically stained
sections of the cardiac muscles for carbohydrates, total
protein and amyloid-f protein of the control and
treated groups was done by using IPWIN 32 image
analysis software. The mean optical density was used
to compare the positive content of these materials in
the different groups.

Statistical analysis

Statistical analyses were performed and the data
were analyzed by using the SPSS software (Statistical
Analysis for Social Science, Version 8). Significant
differences between treatment means were determined
by student t-test. Data were presented as mean + SD in
histochemical analysis, mean + SE in biochemical
analyses and P<0.05 was considered statistically
significant.

Laboratory facilities

Facilities of this study, Biochemical,
histological, histochemical and quantitative
histochemical analyses were performed in the
Department of Zoology, Faculty of Science (for
Girls), Al-Azhar University.

RESULTS

Biochemical results
Lactate dehydrogenase activity LDH (U/L)

As demonstrated in fig.1 the present results
showed a very highly significant increase (P<0.001) in
the mean value of LDH in high fat diet (H) group for
four weeks as compared to the control group , In
contrast, rats treated with AFA only (A) for four
weeks, H+Al and H+A2 showed a non-significant
decrease in the mean value of LDH as compared to the
normal group. Significant increase (P < 0.05) was
detected in value of LDH in rats treated with
Slimquick only (S) for four weeks, in contrast a
significant decrease in value of LDH in H+S1 group
was observed as compared to the control group.
Meanwhile, rats treated with Slimquick plus normal
diet for 2 weeks after stop of feeding HFD for 4 weeks
(H+S2) exhibited a non-significant decrease in value
of serum LDH level as compared to the control group.
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Fig.1. Value of lactate dehydrogenase activity [LDH (U/L)] of adult male rats supplemented with 2% cholesterol for
four weeks and treated with AFA or Slimquick

Creatine phosphokinase activity CK(U/L)

As demonstrated in fig.2 the present results showed a very highly significant increase (P<0.001) in value of
CK in high fat diet (H) group for four weeks as compared to the control group .

Rats treated with AFA only for four weeks (A) and rats treated with AFA plus HFD for 2 weeks after feeding
2 weeks on HFD only(H+A1) and also rats treated with AFA for 2 weeks after stop of feeding HFD for 4
weeks(H+A2) showed a non-significant increase in value of CK as compared to the normal group.

On the other hand, drenching Slimquick(S) to the rats with normal diet for four weeks induced a very highly
significant increase (P<0.001) in CK as compared to the control group.

Meanwhile, rats treated with Slimquick plus HFD for 2 weeks after feeding 2 weeks on HFD only (H+S1)
exhibited a non-significant increase in value of CK as compared to the normal group.

Rats treated with Slimquick plus normal diet for 2 weeks after stop of feeding HFD for 4 weeks(H+S2)
showed a significant increase in CK level as compared to the control group.
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Fig. 2. The mean value of creatine phosphokinase activity CK(U/L) of adult male rats supplemented with 2%
cholesterol for four weeks and treated with AFA or Slimquick

Histopathological observations observed. Flat dark nuclei of the fibroblasts in the
Normal histological pattern of the cardiac muscle endomysium were detected. Normal distribution of
of a control male rat was observed in fig.3. Branching collagen fibers was realized in the cardiac tissue of a
muscle fibers with elongated centrally located oval control rat. Collagen bundles were supporting the
nuclei and intercalated disc connect them were cardiac muscle fibers and the endomysium (Fig. 4).
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In the high fat diet group large hemorrhagic
areas which contained hemolyzed blood cells were
observed in the cardiac muscle. They were surrounded
by edema, most nuclei of myocytes were faintly
stained or hypertrophied, debris of degenerated
myocytes were also detected with loss of striation.
Highly dilated and thickened arterial wall in between
the cardiac muscles was demonstrated, it contained
hemolyzed blood cells. Ruptured and discontinuous
cardiac muscle fibers were detected and they were
invaded by hemolyzed blood cells with highly
widened endomysium. Some nuclei showed pyknosis
or karyolysis (Figs. 5-7).

Highly increased collagen fibers were demonstrated
around the arterial wall in the cardiac muscles of rats
of group H (Fig. 8). Well developed cardiac muscle
fibers were detected in rats of group Aphanizomenon
flos-aquae AFA group (A) (Figs. 9,10). Fig. 11
Showed normal distribution of collagen fibers in the
cardiac muscle fibers of rats of group A.

Nearly normal architecture of the cardiac muscle fibers
of rats of group H+A; was noticed, but some areas of
endomysium were still widened and some nuclei were
faintly stained(Fig. 12). Slightly increased collagen
fibers were demonstrated in the cardiac muscle fibers
and endomysium of rats of group H+A: (Fig. 13).
Well-developed cardiac muscle fibers of rats of group
H+A2 was detected but slightly widened endomysium
areas were still detected (Fig. 14).

Normal distribution of collagen fibers was detected in
the cardiac muscle fibers of rats of group H+A2 (Fig.
15). Numerous deleterious changes in the cardiac
muscle fibers of rats of Slimquick group (S) were
observed. These changes included: destructed,
ruptured and discontinuous cardiac muscle fibers with
debris of degenerated myocytes and large
haemorrhagic areas between them. Highly dilated and
thickened walls of the artery and vein in between the
cardiac muscle fibers were realized. Hemolysed blood
cells with highly distorted or hypertrophied nuclei of
tunica media were also observed (Fig. 16).

Decreased collagen fibers in some cardiac muscle
fibers of rats of group S was realized, but they were
increased in and around the arterial wall (Fig. 17).
Slight improvement in the cardiac muscle of rats of
group high fat diet +Slimquick: group (H+ S:
group). In spite of this improvement, numerous
hemorrhagic areas were still detected with some
faintly stained nuclei of myocytes (Fig. 18). Collagen
fibers were slightly increased in the cardiac muscle
fibers of rats of group H+S: (Fig. 19). Bizarre
arrangement of nuclei of myocytes with hypertrophied
or ballon like structure with hypo-staining affinity of
most cardiac muscle fibers were detected in rats of
group high fat diet +Slimquick; group (H+ S
group)(Fig. 20).

Normal appearance of collagen fibers was observed in
the cardiac muscle fibers of rats of group H+S; (Fig.
21).
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Figs. 3-8: photomicrographs of sections in the cardiac muscles of rats of the control and high fat diet groups showing:
Fig. 3: normal architexture of cardiac muscle fibers in a control rat. Notice: all the muscle fibers are branched with
elongated, centrally located nuclei and intercalated discs with endomysium between them (7). (H & E X 100)
Fig. 4: normal distribution of collagen fibers in the cardiac muscles of a control rat . Notice: Red stained muscle fibers
with blue stained collagen fibers supporting the sarcolemma and scattered in the endomysium.

(Mallory's trichrome stain X 200)
Figs. 57 : high fat diet group H showing:
Figs. 5, 6 : large hemorrhagic areas (h)which contain hemolysed blood cells and they are surrounded by edema (e), most
nuclei are faintly stained karyolysis) (—) or hypertrophyid (>), debris of degenerated myocytes are also detected (d) with
loss of striation. (H&E, 5X100 & 6 X 400)
7- Ruptured and discontinuous cardiac muscle fibers, large hemorrhagic area with numerous nuclei which are devoid of
their cytoplasm. (H & EX 100)
Fig. 8: highly increased collagen fibers in the cardiac muscle of rats of group H . Notice: increased collagen fibers around
the arterial wall (). (Mallory's trichrome stain X 100)
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Figs. 9-15: photomicrographs of sections in the cardiac muscles of rats of groups A, H+A1 and H+A2 showing :
Figs. 9 - 10 : the cardiac muscle fibers of rats of group A showing:

Fig. 9-The cardiac muscle of group A showing well developed cardiac muscle fibers. (H& E X 100)
Fig.10- Magnified part in the cardiac muscle of rats of group A .Normal appearance of cardiac muscle fibers were
detected with normal nuclei (A) and nuclei of fibroblast (). (H & E X 400)

Fig. 11: normal distribution of collagen fibers in the cardiac muscle fibers of rats of group A.

(Mallory's trichrome stain X 200)
Fig. 12: well developed architecture of the cardiac muscle fibers of rats of group H+A1 , but some endomysium are still
widened and some nuclei are faintly stained (2). (H& E X 200)
Fig. 13: slightly increased collagen fibers in some cardiac muscle fibers of rats of group H+AL. Notice: slightly
increased collagen fibers in the endomysium. (Mallory's trichrome stain X 200)
Fig. 14: well developed cardiac muscle fibers of rats of group H+A2 , but slightly widened endomysium areas are still
detected. (H&E X 200)
Fig. 15: nearly normal distribution of collagen fibers in the cardiac muscle fibers of rats of group H+A2 .

(Mallory’s trichrome stain X 200)
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Figs. 16-21: photomicrographs of sections in the cardiac muscles of rats of groups S, H+S1 and H+S2 showing:
Fig. 16 : numerous deleterious changes in the cardiac muscles of group S such as destructed, ruptured (corrugated
arrow)and discontinuous cardiac muscle fibers with debris of degenerated myocytes with cellular infiltration (2)and

large haemorrhagic areas (h)between them. (H& E X 200)
Fig. 17: decreased collagen fibers in some cardiac muscle fibers of rats of group S, but they increase in and around
the arterial wall (). (Mallory’s trichrome stain X 100)

Fig. 18: slight improvement in the cardiac muscle fibers of rats of group H+S1. In spite of this improvement,
numerous hemorrhagic areas (h)are still detected with some faintly stained nuclei(A) of myocytes. (H & E X 200)
Fig. 19: slightly increased collagen fibers in the cardiac muscle fibers of rats of group H+S1.
(Mallory's trichrome stain X 100)

Fig. 20: bizarre arrangement of nuclei of myocytes with hypertrophied or ballon like structure and hypo-staining
affinity of most cardiac muscle fibers of rats of group H+S2 . (H& E X 200)
Fig. 21: nearly normal appearance of collagen fibers in the cardiac muscle fibers of rats of group H+S2 .

(Mallory's trichrome stain X 200)
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Quantitative histochemical measurements of the
cardiac muscle fibers

PAS positive materials

Fig. 22 represented moderately stained PAS
+ve materials in the myocytes of the cardiac muscle
fibers of the control group.

Rats treated with high fat diet for 4 weeks
(group H) showed a significant increase in the mean
value of PAS +ve materials in the cardiac muscle
fibers which reached 0.616+0.01 when compared to
the control group (0.397+0.01). Most myocytes
showed deeply staining affinity , but others were
faintly stained and the degenerated areas were
negatively stained. Moderately to deeply stained
RBCs were detected in the haemorrhagic areas (Fig.
23). Rats of group AFA (A), showed a non-
significant decrease(0.395+0.02 ) in the mean value
of PAS +ve materials in the cardiac muscle (Fig. 24)
when compared to the control group. While a non-
significant increase in the mean value of PAS +ve
materials in the cardiac muscle of H+A; and H+A;
groups (0.398+0.05 & 0.400+0.02) were detected in
Figs. 25 &26 respectively. Fig. 27 showed a
significant decrease in the mean value of PAS +ve
materials in the cardiac muscle of group S which
reached 0.363+0.02 in comparison with the control
group. Group H+S; represented a non-significant
decrease in the mean value of PAS +ve materials in
the cardiac muscle which reached 0.396+0.02 in
comparison with the control group (Fig. 28).Rats of
group H+S; showed a non-significant increase in the
mean value of PAS +ve materials in the cardiac
muscle which reached 0.401+0.04 (Fig. 29)when
compared to the control group. All these results also
demonstrated on fig. 30.

Total proteins
Rats treated with high fat diet for 4 weeks (H) (Fig.

32) represented a significant increase in the mean
value of total proteins in the cardiac muscle which
reached 0.746+0.14 when compared to the control
group (0.427+0.03) (Fig. 31). A non-significant
change in the mean value (0.427+0.03) of total
protein in the cardiac muscle was detected in group A
(Fig. 33) when compared to the control group, on the
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other hand a non-significant decrease ( 0.424+0.04) in
the mean value of total protein in the cardiac muscle
of group H+A; (Fig. 34)was observed while, a non-
significant increase (0.432+0.04) was recorded in
group H+A, (Fig. 35) when compared to the control
group. Sections from animals treated with Slimquick
(S) for 4 weeks represented a significant increase in
the mean value of total protein in the cardiac muscle
which reached 0.478+0.02 (Fig. 36) when compared
to the control group. Fig. 37 showed a non-significant
increase in the mean value of total proteins in the
cardiac muscle of group H+S:; which reached
0.431+0.02 in comparison with the control
group.H+S2 group (Fig. 38) represented a non-
significant increase in the mean value of total proteins
in the cardiac muscle which reached 0.430+0.02 in
comparison with the control group. All these results
also showed on fig. 39.

Amyloid - protein

Poorly stained amyloid - protein content in
the cardiac muscle of the control rats was detected in
fig. 40. While, feeding rats with high fat diet for 4
weeks (group H) showed a significant increase in the
mean value of amyloid B- protein content in the
cardiac muscle which reached 1.386+0.20 (Fig. 41)
when compared to the control group (0.439+0.02).
Rats of groups A and H+A; (Figs. 42 &44 ) showed a
non-significant decrease in the mean value of
amyloid B- protein content in the cardiac muscle
which  reached 0.433+0.04, &  0.435+0.03
respectively when compared to the control group.
While, a non-significant change (0.439+0.02) in the
mean value of amyloid B- protein content in the
cardiac muscle of group H+A; was observed in
fig.43.

A significant increase in the mean value of
amyloid B- protein content in the cardiac muscle of
rats of groups S and H+S: which recorded
0.597+0.03 & 0.552+0.03 respectively were observed
in figs. 45 and 46 when compared to the control
group. Fig. 47 showed a non-significant decrease in
the mean value of amyloid B- protein content in the
cardiac muscle of group H+S; (0.436+0.03) when
compared to the control group.

All these results also showed on fig. 48.
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Figs. 22-29: photomicrographs of sections in cardiac muscles fibers of rats of the control and treated groups showing
distribution of PAS +ve materials. (PAS stain X 200)

Fig. 22: showing moderately stained PAS +ve materials in the myocytes of the cardiac muscle of the control group.

Fig. 23: showing distribution of PAS +ve materials in the cardiac muscle of rats of group H. Most myocytes are deeply
stained (1), but others are faintly stained (2) and the degenerated areas are negatively stained (3).

Notice: moderate to deeply stained RBCs in the haemorrhagic areas.

Fig. 24: showing normal appearance of PAS +ve materials in the cardiac muscle of rats of group A .

Fig. 25: showing somewhat normal appearance of PAS +ve materials in the cardiac muscle of rats of group H+A.

Fig. 26: showing normal distribution of PAS +ve materials in the cardiac muscle of rats of group H+A..

Fig. 27: showing distribution of PAS +ve materials in the cardiac muscle of rats of group S. Reduced staining affinity in
most cardiac muscle fibers, but highly thickened arterial wall shows increased staining affinity.

Fig.28: showing normal appearance of PAS +ve materials in the cardiac muscle of rats of group H+S1.

Fig. 29: showing nearly normal appearance of PAS +ve materials in the cardiac muscle of rats of group H+S2.

PAS +ve materials
0.7
0.6
05
0.4

0.3

materials

0.2

0.1

Mean value of PAS +ve

0
C H A H+A1l H+A2 S H+S1 H+S2

‘ B Mean value| 0.397 0.616 0.395 0.398 0.4 0.363 0.396 0.401

Fig. 30. Showing the mean values of PAS +ve materials in the cardiac muscle fibers of the control and different
experimental groups
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Figs. 31-38: photomicrographs of sections in cardiac muscles fibers of rats of the control and treated groups showing
distribution of total proteins. (Mercuric bromophenol blue X 200)

Fig. 31: showing moderate staining affinity of total protein in the cardiac muscle fibers of a control rat.

Fig. 32: showing highly increased total proteins in the cardiac muscles fibers of rats of group H , but the degenerated areas
(d) are negatively to poorly stained.

Fig. 33: showing normal appearance of total proteins in the cardiac muscle fibers of a rats of group A .

Fig. 34: showing normal distribution of total proteins in the cardiac muscle fibers of rats of group H+AL.

Fig. 35: showing nearly normal appearance of total proteins in the cardiac muscle of rats of group H+A2.

Fig.36: showing increased total proteins in the cardiac muscle of rats of group S Notice :deeply
stained blood cells in the endomysium in between the cardiac muscle fibers.

Fig. 37: showing somewhat normal appearance of total proteins in the cardiac muscle fibers of rats of group H+S1 , but
blood cells in the endomysium are deeply stained.

Fig. 38: showing somewhat normal appearance of total proteins in myocytes with increased staining affinity of blood cells
in between the cardiac muscle fibers of rats of group H+S2.

Total Protein
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Fig. 39. Showing the mean values of total proteins content in the cardiac muscle fibers of the control and different
experimental groups
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Figs. 40-47: photomicrographs of sections in cardiac muscles fibers of rats of the control and treated groups showing
distribution amyloid - protein . (Congo red stain X200)

Fig. 40: showing poorly stained amyloid - protein in the cardiac muscle of a control rat.

Fig. 41: showing highly increased amyloid B- protein in the cardiac muscle of rats of group H .

Fig. 42: showing somewhat normal appearance of amyloid - protein in the cardiac muscle of rats of group A .

Fig. 43: showing normal distribution of amyloid - protein in the cardiac muscle of rats of group H+A1 .

Fig. 44: showing nearly normal appearance of amyloid - protein in the cardiac muscle of rats of group H+A2 .

Fig. 45: highly increased amyloid - protein in the cardiac muscle of rats of group S.

Fig. 46: showing increased amyloid - protein in the cardiac muscle of rats of group H+S1.

Fig. 47: showing faintly stained amyloid - protein in the cardiac muscle of rats of group H+S2 .
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Fig. 48. Showing the mean values of amyloid - protein in the cardiac muscle fibers of the control and different experimental
groups
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Hyperlipidemia plays a fundamental role in
the assailment and progression of cardiovascular
disease (CVD). CVD is the essential cause of fatality
and morbidity global @Y. Hyperlipidemia favors the
formation of free radicals, headmost arterial damage
and platelet aggregation 2. AFA as antioxidant hold
to play a role in obviate the development of abiding
diseases like heart disease, cancer, stroke and cataracts
@3 Micic et al. ¥ stated that orlistat in combination
with diet promotes increased weight loss than diet
alone, improves serum lipids in subjects with
hyperlipidemia and it has a good tolerability profile
without systemic effects. In this study the cardiac
muscle fibers was chosen because
hypercholesterolemia is a hazard factor for early onset
coronary heart disease. Creatine kinase (CK) and
lactate dehydrogenase (LDH) are particles of the
myosin heavy chain (i.e., troponin | and myoglobin)
and are lead to muscle damage, this is because these
molecules are cytoplasmatic and do not have the
capacity to cross the sarcoplasmic membrane barrier
@9, Among these molecules, CK is frequently depicted
as the best indirect marker of damage to muscle tissue,
especially after resistance exercise or other exercises
that need predominantly eccentric actions @,

LDH, is an enzyme mainly in the
sarcoplasm of skeletal muscle and engaged for the
removal of lactate (LA) produced after fast anaerobic
consumption of glucose due to muscle contraction. In
normal condition, the activity of serum LDH reflects
the degree of body LA metabolism and the extent of
basal cell damage @9, Increased activity of serum LDH
may represent escape of enzyme from the damaged
muscle cells due to per-oxidative injure, crash, or other
symptoms of diseases. Results of the present study
revealed that high fat diet group showed a very highly
significant increase in the mean value of serum LDH
and CK when compared to the control group. This
study is supported by the study of EImhdwi et al. ?®
who reported that increased in serum LDH after the
induction of hyperlipidemia may be due to destruction
of some liver parenchymal cells or by enhancement of
the activity of the enzyme itself to smirk the damaging
effect of free radicals accompanying the
hyperlipidemia. The present results indicated that
supplementation of AFA manifested good ameliorative
effects in serum LDH and CK. The present findings
are correlated with those of Kuan et al. ® who
declared that the average of CK activity in the group
had blue green algae appeared to decrease after 3
weeks of the experimental period. They added that

taking blue green algae as food supplement 7.5 mg
daily seemed to protect the skeletal muscle from
damage after strenuous exercise. They also added that
food supplement of blue green algae decreased the
activity of LDH after 3 weeks of the experimental
period. They also suggested that taking BGA as food
supplementation had a tendency to decrease the blood
concentration of LDH. They used the CK and LDH as
makers for skeletal muscle damage. They suggested
that BGA or cyanobacteria, taken as food supplement,
showed preventive effect on the skeletal muscle from
the exercise per oxidation injury probably by reducing
the pre-oxidative level in muscle during exhaustive
exercise. In the present study, Slimquick ameliorated
the effect of hyperlipidemia by improving the level of
serum LDH and serum CK in H+S; and H+S; groups.
Francisco et al. @ reported that treatment with orlistat
reduced serum concentrations of CK and low-density
lipoprotein (LDL) but did not alter the levels of serum
concentration of triglycerides (TG), very low-density
lipoproteins (VLDL) and high density lipoprotein
cholesterol concentrations (HDL). In their study no
change in LDH levels were recorded in normal groups
treated with orlistat.

CK constitutes another important biomarker
for the diagnosis of acute myocardial infarction (AMI)
where it regulates the production and use of high
energy phosphate in the contractile tissues, like
myocardium. Determination of serum levels of total
CK and myocardial CK (CK- MB) is important for
diagnosis of AMI. Reduction levels of CK may be due
to the action of orlistat on endothelial function and
LDL reduction, promoting cardiovascular benefits and
cardiac protection @7,

Results of the present study showed many
deleterious changes in the cardiac muscle fibers of rats
treated with HFD for 4 weeks. These changes included
large hemorrhagic areas which contained hemolyzed
blood cells; they were surrounded by edema, most
nuclei of myocytes were faintly stained or
hypertrophied, debris of degenerated myocytes were
also detected with loss of striation and highly widened
endomysium. Highly dilated and thickened arterial
wall in between the cardiac muscles was
demonstrated, it contained hemolysed blood cells.
Highly distorted and corrugated cardiac muscle fibers
were detected. Some nuclei showed pyknosis or
karyolysis. These changes are evidenced by increased
LDH and CK. Varga et al.®® showed that myocardial
oxidative/ nitrative stress induced by
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hypercholesterolemia significantly contributes to the
development of cardiac dysfunction. They added that
increased protein oxidation was confirmed in the
hearts of hypercholesterolemic rats. Zhao et al. @
reported that in the case of cardiac damage, lipid
deposition, macrophage accumulation, inflammatory
infiltration and autophagy have greater roles in disease
pathogenesis. They observed mononuclear cell
infiltration in early lesions, increased expression of
inflammatory cytokines and macrophage
accumulation. They added that mononuclear cell
trafficking and endothelial inflammation affected
atherogenesis. Hypercholesterolemia poise the risk of
atherosclerosis and subsequent myocardial infarction.
In addition to its well-known proatherogenic effect,
hypercholesterolemia may exert direct effects on the
myocardium resulting in aggravated
ischemia/reperfusion injury, contractile dysfunction
and diminished stress adaptation. Observations in
human clinical trials and animal models showed a
direct effect of cholesterol on myocardial contractile
function leading to impaired diastolic and in some
cases also systolic function ©%, In the present
experiment high fat diet group for 4 weeks showed
highly increased collagen fibers around the arterial
wall in the cardiac tissue of rats. Our results are in
agreement with the results of Jong et al. GV who
reported that the heart contains a collagen network that
furnishes to the contractility of the heart (contractile
forces) and give cardiac strength. In cardiac diseases,
an increase in collagen accumulation is often
observed. This fibrosis formation causes systolic and
diastolic dysfunction and plays a major role in the
arrhythmogenic ~ Substrate.  Therefore,  rigorous
detection of cardiac fibrosis and its advancement is of
clinical importance with interest to diagnostics and
therapy for patients with cardiac disease. Hassan et al.
@2 reported that increased collagen fibers may lead to
increased defensive reaction opposite to toxicant
materials. The current study revealed that the rats
administrated AFA (A group) alone showed well
developed cardiac muscle fibers. Also, the present
study showed well developed architecture of the
cardiac muscle fibers of rats of group H+A, but some
endomysium were still widened and some nuclei were
faintly stained. Moreover rats of group H+A; showed
well developed cardiac muscle fibers, but slightly
widened endomysium areas were still detected. AFA
administrated exhibited the ability to maintaining the
healthy condition of the individuals. These results
incite people to use AFA to augment their antioxidant

capacity and to support immune system against many
diseases. Bashandy et al. © found that
supplementation of Spirulina species with up to 15%
by weight of diet significantly improved plasma lipid
profiles of hyperlipidemic rats and mice fed a high-
fat/high-cholesterol diet or a high-fructose diet.
Antioxidant properties of AFA seem to improve the
condition of blood vessels by helping to neutralize the
free radical molecules or reactive oxygen species
(ROS) that may prevent endothelial cells lining the
blood vessels from releasing nitric oxide. Nitric oxide
is responsible for the dilation of blood vessels ¢4,

Microalgae are crucial sources of almost all other
essential vitamins such as A, B1, B2, B6, B12, C, E
and also are abundant in chlorophylls ©.Vitamin E
supplementation played a greater role in tissue
formation and prevention of damage or oxidation of
some tissues ©9, Vitamin E may block some coronary
heart disease (CHD) comes from several sources. In
vitro studies have found that Vit. E inhibits oxidation
of low-density lipoprotein (LDL) cholesterol ¢, They
added that vitamin E might also help to prevent the
formation of blood clots that could lead to a heart
attack or venous thromboembolism. The present study
showed normal distribution of collagen fibers in the
cardiac muscle fibers of rats of A group, while slightly
increased collagen fibers were demonstrated in the
cardiac muscle fibers and endomysium of rats of
group H+A:. Normal distribution of collagen fibers
was detected in the cardiac muscle fibers of rats of
group H+A,. According to Fastner et al. ®® AFA
contains vitamin E. Eid et al. ©9 reported that
treatment of rats with vitamin E showed somewnhat
normal appearance of collagen fibers in the cardiac
muscle fibers. The present results showed that
administration of Slimquick (group S) alone showed
destructed, ruptured and discontinuous cardiac muscle
fibers with debris of degenerated myocytes and large
hemorrhagic areas between them. Highly dilated and
thickened walls of the artery and vein in between the
cardiac muscle fibers were realized. The later
contained hemolysed blood cells with highly distorted
or hypertrophied nuclei of tunica media; while
treatment of rats with HFD and Slimquick (group
H+S1) showed slight improvement in the cardiac
muscle of rats. Inspit of this improvement, numerous
hemorrhagic areas were still detected with some
faintly stained nuclei of myocytes. On the other hand,
rats of group H+S2 showed bizarre arrangement of
nuclei of myocytes with hypertrophied or balloon like
structure with hypo-staining affinity of most cardiac
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muscle fibers. Obesity is correlated with high risk of
developing heart failure as well as an increased overall
risk of death. Obesity has been linked to a spectrum of
cardiovascular changes ranging from a hyperdynamic
circulation, through subclinical cardiac structural
changes to overt heart failure “9. Orlistat significantly
reduced waist circumference, body mass index,
systolic blood pressure, diastolic blood pressure,
fasting glucose and Hemoglobin Alc (HbAlc
concentrations) in patients with diabetes and total
cholesterol (Ch), low density lipoprotein cholesterol
(LDL) and high density lipoprotein cholesterol
concentrations (HDL). Orlistat produced a significant
decrease in the parameters of obesity as well as
parameters of cardiac hypertrophy in HFD animals. A
significant decrease in oxidative stress was also
observed due to treatment of orlistat in HFD animals
49 Chandra et al. “V indicated that administration of
orlistat (200 mg/kg) to the animals for eight weeks,
significantly ~ (P<0.001) reversed the obesity
parameters compared to the normal control; orlistat is
a standard diet widely used experimentally to reduce
obesity in animals. The later authors indicated that
similar observations were found when a combination
of low-calorie diet and low dose of orlistat (65 mg/kg)
for eight weeks was tested in obese rats suggesting that
combination were more effective than the individual
treatment. In the current study, decreased collagen
fibers in some cardiac muscle fibers of rats of group S
was realized, but they were increased in and around
the arterial wall. Collagen fibers were slightly
increased in the cardiac muscle fibers of rats of group
H+S1, while normal appearance of collagen fibers was
observed in the cardiac muscle fibers of rats of group
H+S2.Treatment with orlistat in high fat diet (HFD)
animals recorded a significant decrease in oxidative
stress 9, They added that an increase in left
ventricular collagen content may produce cardiac
dysfunction. They also reported that orlistat treatment
significantly decreased the collagen deposition in HFD
+ partial abdominal aortic constriction (PAAC)
animals. Hassan et al. ®? reported that increased
collagen fibers may lead to increase the defense
reaction against toxic materials. The present study
revealed that cardiac muscle fibers of rats of group H
showed a significant increase in PAS +ve materials
when compared to the control group. Obesity and
reduced physical activity lead to metabolic
dysregulation, which is strongly associated with
skeletal muscle insulin resistance and development of
metabolic syndrome and type 2 diabetes mellitus. The

PAS staining is used to stain glycogen but, it also
stains glycoproteins and proteoglycans “?. This result
disagrees with results of Abu Elnaga “® who
observed that the rats fed HFD enriched with 2%
cholesterol showed decreased staining affinity of
PAS+ve materials in the seminiferous tubules of the
testes and epididymis. Rats of group A showed a non-
significant decrease in the mean value of PAS +ve
materials in the cardiac muscle while, H+A; and
H+A, groups recorded a non-significant increase in
the mean value of PAS +ve materials in the cardiac
muscle when compared to the control group. Several
food grade microalgae, including Spirulina platensis,
AFA and Chlorella pyrenoidosa are also known to
contain polysaccharides with potent
immunostimulatory of human monocytes and
macrophages “Y. Gireesh et al. “® reported that
healing of AFA diabetic rats may be due to its
regenerative properties and because of antioxidant and
anti-inflammatory effects. The present study showed a
significant decrease in the mean value of the PAS +ve
materials in the cardiac muscle of group S in
comparison with the control group. The group H+S;
represented a non-significant decrease in the mean
value of PAS +ve materials while, rats of group H+S;
showed a non-significant increase in the mean value of
PAS +ve materials when compared to the control
group. Orlistat plus style of living changes resulted in
a greater decrease in the incidence of type 2 diabetes
over 4 years and produced greater weight loss in a
clinically representative obese population “®. In
conjunction with a hypocaloric diet, orlistat treatment
lead to reduction in body weight of around 3 kg at
lyear and also confers modest improvements in
systolic and diastolic blood pressure, LDL, glycemic
parameters and progression to diabetes in people with
impaired glucose tolerance. The present study showed
that high fat diet group for 4 weeks (group H)
exhibited a significant increase in total protein of the
cardiac muscle fibers relative to the control group.
Peavy et al. 7 stated that increase in protein synthesis
may be due to increase in the amount and availability
of mMRNA, increase in translation factor and increase in
ribosomal protein synthesis as a result of
hyperlipidemia. Singh et al. “? indicated that obesity
is associated with increased myocardial lipid
peroxidation and susceptibility to oxidative damage in
vitro and investigations examining oxidative stress-
induced cellular injury have shown that cellular
membrane integrity can be lost due to oxidatively
modified lipids and proteins. In this study, the cardiac
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muscle of rats of group A showed a non-significant
change in the mean value of total protein in the cardiac
muscle when compared to the control group, on the
other hand a non-significant decrease in the mean
value of total protein in the cardiac muscle of group
H+A: was observed while a non-significant increase
was recorded in group H+A,. Microalgae have the
potential to become an alternative protein source due
to the fact that several strains contain proteins of high
quantities (more than 50% of dry weight) and qualities
48, Kushak et al. *® reported that approximately 60-
70% of the algae is made up of high quality proteins,
containing 20 amino acids, including all the essential
ones. Most of all have the ability to improve the
body’s own ability to absorb and utilize proteins from
food, making it extremely important for athletes and
anyone who need a high-performance fuel. In the
present results administration of Slimquick alone for 4
weeks (group S) showed a significant increase in total
protein in the cardiac muscle when compared to the
control group. On the other hand a non-significant
increase in total protein were realized in the cardiac
muscle of rats of groups H+S1 and H+S2 .Abu et al.
®9 observed an increase in total protein in HFD +
Slimquick group (100 mg/kg body weight/day for
eight weeks) compared to the control. In the present
study high fat diet (group H) showed a significant
increase in the amyloid -p protein content in the
cardiac muscle of rats when compared to the control
group. Our results are in agreement with the results of
Lee et al. ® who reported that a high-cholesterol or
high-energy diet was demonstrated to stimulate
amyloid-pf formation and deposition in the amyloid
precursor protein pathway. Rats of groups A and
H+A; showed a non-significant decrease in the mean
value of amyloid B- protein content in the cardiac
muscle while, a non-significant change in the mean
value of amyloid B- protein content in the cardiac
muscle of H+A; was observed. Hwang et al. ©?

reported that the treatment with 200 mg/kg of BGA
(Spirulina) extract decreased the amyloid-B protein
deposition in the brain of mice. AFA Klamath is rich
in the essential fatty acids such as omega 3 and omega
6 3. Omega 3 fatty acids have powerful inhibitory
effect adjacent H,O-induced damage in human
keratinocytes and fibroblasts ¢¥. The present results
exhibited a significant increase of amyloid - protein
content in the cardiac muscle of rats of groups S and
H+S1, but the cardiac muscle of rats of group H+S;
showed a non-significant decrease of amyloid [-
protein content relative to the control group. Alsalahat

®9 found that orlistat induced amyloid-B hydrolysis
with time (after 10 days).
CONCLUSION

It could be concluded that it is recommended
to use AFA in diets for hyperlipidemic patients or
those people who have hyperlipidemic family history
and its hypolipidemic action may be due to its anti-
inflammatory,  antioxidant and  hypoglycemic
properties and so that using of AFA is more effective
and safe in treatment of hyperlipidemia than
Slimquick, but under medical supervision.
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