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The aim of this study was to investigate the antihyperlipidemic potential of Diosmin (DS) in mice fed with
a high-fat diet (HFD). Animals were divided in five groups (n = 6). The total duration of the study was
90 days split into two intervals. During the first 45-day interval, mice were administered with HFD,
whereas during the second 45-day interval they were co-administered HFD plus DS or the standard drug
atorvastatin. DS was administered at the dose of 100 and 200 mg/kg;p.o. DS treatment to HFD-induced
hyperlipidemic mice caused significant decrements in the levels of total cholesterol, triglycerides, LDL-
C and VLDL-C. Moreover, DS resulted in significant increase in the levels of HDL-C and improvements
in total protein levels, whereas it caused remarkable decreases in SGOT, SGPT and ALP enzymatic activ-
ities in hyperlipidemic mice. Histopathological examination of hyperlipidemic mice revealed a disorga-
nized hepatic tissue, fatty changes, and mononuclear cell infiltration, which were all ameliorated by
DS administration. The results revealed that DS possesses potential ameliorating benefits again.st hyper-
lipidemia induced by HFD on lipid profile, liver function enzymes and hepatic histoarchitecture. Further
investigations are highly recommended and clinical trials are warranted in order to assess the efficacy
and to fully dissect the mode-of-action underpinning the observed antihyperlipidemic effect of DS.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Globally, diabetes mellitus (DM) and myocardial infarction and
cardiovascular diseases (CVDs) are responsible for significant dis-
ease burden and therefore considered the most reported health
complication. They are highly associated with hyperlipidemia that
is characterized by the increase in serum lipid profile indices,
namely triglycerides (TG), low-density lipoprotein cholesterol
(LDL-C) and total cholesterol (TC), and thus is considered one of
the primary risk factors leading to CVDs. Hyperlipidemia is directly
correlated with a prominent metabolic dysregulation in the
affected patients (Alamgeer et al., 2014; Ansarullah et al., 2009).
It could also result in serious cardiac pathologies such as
atherosclerosis, due to the fact that hyperlipidemia is associated
with increased serum TG and TC; thus, it has been documented
as a prevalent susceptibility marker of atherosclerotic heart dis-
ease (Surya et al., 2017). Hence, the abovementioned changes in
association with declining high-density lipoprotein cholesterol
(HDL-C) levels eventually result in hyperlipidemia, thereby causing
initiation of advanced cardiac pathological conditions (Ghule et al.,
2006). Moreover, the interfering harmful effect of high-fat diet
(HFD) with the process of lipid metabolism in the liver is the pri-
mary factor responsible for the development of nonalcoholic fatty
liver disease (NAFLD) (Altunkaynak, 2005; Kameshwara et al.,
2013). Currently available practical strategies to counter hyperlipi-
demia include the reduction in both productions of lipids as well as
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their gut absorption using synthetic therapeutic agents such as sta-
tins, fibrates, and bile acid sequestrants. However, the use of these
synthetic agents might be manifested with series of negative and
recurrent side effects, most notably myopathy, rhabdomyolysis,
and elevated risk of gallstone formation. Hence, developing novel
and effective antihyperlipidemic therapeutic agents with zero or
minimal undesired side effects is urgently required (Aladaileh
et al., 2019). The opportunity of treating these variety of patholog-
ical conditions using herbal products and medicinal plants is
emerging as new rising trend in recent years as they are poised
as safer, well-tolerated therapeutic strategy with minimal side
effects in comparison to synthetic drugs (Javed et al., 2009). In
recent times, a tremendous growing interest has been shown by
researchers in nutraceuticals and herbal therapies with proven
health benefits, as the World Health Organization (WHO) esti-
mated that population trust rate is around 80% on the usage of her-
bal medicine in treating various pathological conditions and
diseases (Vogel, 2007). Numerous studies have reported the use
of medicinal plants in traditional medicine as alternative approach
over the past three decades have shown their ability and efficacy to
generate reliable data emphasizing the utility of plant-derived
products as valuable pharmacological resources (Aladaileh et al.,
2019; Ashour et al., 2016; El-Shemy et al., 2009).

Flavonoids are plant-based natural products that exert multiple
therapeutic and biological activities including antioxidant and free
radical-scavenging effects, as well as antihyperglycemic, anti-
inflammatory, anti-atherosclerosis, anticarcinogenic, antihyperam-
monemia, nephroprotective, and hepatoprotective actions
(Mahmoud et al., 2019). Their primary mod-of-action (MOA) is
believed to proceed via its potent free-radical scavenging, quench-
ing oxygen and hydrogen-donating antioxidant activities, thereby
blocking its determental cellular effects and preventing cell injury.
Flavonoids have been reported to exhibit potent direct scavenging
activities against reactive oxygen species (ROS) and reactive nitro-
gen species (RNS), which is ascribed for the presence of OH groups.
Its antioxidant capacity has been shown to increase proportional to
the number of OHs in the molecular structure (Hernández-Aquino
and Muriel, 2018; Mulvihill et al., 2016). In this context, diosmin
(DS) is a naturally-occuring flavone glycoside (diosmetin 7-O-
rutinoside; PubChem CID 5281613) in the Rutaceae family that is
predominantly present in the pericarp of several citrus fruits
(Imam et al., 2015). DS have been reported to possess a plethora
of pharmacological and therapeutic benefits in various pathologi-
cal conditions including treatment of cardiovascular diseases, par-
ticularly chronic venous insufficiency (CVI) that is defined as a
progressive morphological and functional abnormalities of the
venous system (Feldo et al., 2018). Moreover, DS has been reported
to exert an anti-hyperglycemic effect through the adrenal gland,
thereby leading to enhancement of the b-endorphin secretion
and attenuation of hepatic gluconeogenesis in streptozotocin
(STZ)-induced diabetic rats (Hsu et al., 2017). Moreover, it has also
been reported that DS has a favorable effect on delaying cataracts
formation in the lenses of STZ-induced diabetic rats, which has
been postulated to take place via counteracting the increased
oxidative stress associated with diabetic cataractogenesis
(Wojnar et al., 2017). Furthermore, DS has been shown to exhibit
capacities to stall lipopolysaccharide-induced lung injury via
downregulation of tumor necrosis factor alpha (TNF-a) and sub-
unit p65 of nuclear-factor-kappa-B transcription complex (NF-
jB-p65) expressions (Imam et al., 2015). Additionally, there are
reports that confirm its cytoprotective effects including cardiac
protective potential by virtue of its antioxidant and hypolipidemic
mechanisms (Queenthy and John, 2013; Senthamizhselvan et al.,
2014), as well as demonstrated hepatoprotective actions (Abdel-
Reheim et al., 2017; Ali et al., 2018; Hassan et al., 2018) in different
models. Besides, recent studies has an ameliorative effect against
ulcerative colitis (Shalkami et al., 2018). To this end, non-human
primate (NHP) models to study complex diseases are becoming
increasingly important and invaluable for the analyses of abnor-
malities in lipid profile and the underlying metabolic defects man-
ifested as insulin insensitivity that is associated with the
development of the characteristic dyslipidemia seen in type 2
DM (Aladaileh et al., 2019; Ansarullah et al., 2009; Ghule et al.,
2006; Javed et al., 2009; Kameshwara et al., 2013; Sikarwar and
Patil, 2012; Surya et al., 2017). There is an increasing dependence
and need for in vivo non-human primates (NHP) models in biomed-
ical research, particularly in studies of metabolic defects such as
DM and dyslipidemia because of their genetic and physiological
resemblance to humans, and being and ideal mimic for both high
cholesterol and HFD-induced hypercholesterolemia and hyperlipi-
demia (Prior et al., 2017). In most cases, NHPs are the relevant spe-
cies for testing studies of biotherapeutics, where the use of other
non-rodent species is unsuitable, provided that international regu-
lations ensuring the animal safety are withheld and implementing
the 3Rs principal (i.e., replacement, refinement and reduction)
(Prior et al., 2017).

Thus, based on our current knowledge of the above literature,
this study was designed to explore the ameliorative and hepato-
protective effect of DS in hyperlipidemic mousce model. The signif-
icance of the results was evaluated by measuring the key lipid
profile indices, including total cholesterol, triglycerides, LDL-C,
VLDL-C, HDL-C and the liver function enzyme activities of serum
glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvic
transaminase (SGPT) and alkaline phosphatase (ALP), and total
protein in serum samples collected from hyperlipidemic rats
induced by feeding on high-fat diet. Moreover, the outcome of
the research conducted was compared with atorvastatin, as a stan-
dard cholesterol-lowering drug that blocks the production of
cholesterol and with proper controls. We show evidence that DS
possesses significant desirable effects on lowering lipid profiles,
ameliorating liver functions as well as its histoarchitecture.
2. Materials and methods

2.1. Drugs and chemicals

DS and atorvastatin were obtained from Emcure Pharmaceuti-
cals Ltd., India. The chemicals and diagnostic kits were procured
from Span Diagnostics, India. All other chemicals were of analytical
grade. HFD pellets were obtained from Inveniolife Technology Pvt.
Ltd. The diet contains 19% protein, 17.50% fat, 3.50% fiber, 3.50%
ashes, vitamins and minerals. Normal diet was also obtained from
the same company which contains 16.50% protein, 8% fiber, 8%
ashes, 2% fat, 1%NaCl, vitamins and minerals.

2.2. Acute oral toxicity study

The mice were kept on overnight fasting prior to the drug
administration following Organisation for Economic Co-operation
and Development (OECD) 423 guidelines for testing of the oral
acute toxicity of chemicals (OECD, 2002). Mice were administered
with a single oral dose of DS at a dose rate of 2000 mg/kg, b.w. of
DS. Post DS treatment, diet was suspended for 3–4 h. This was fol-
lowed by their strict periodic observation at regular intervals
(OECD, 2002).

2.3. Animals Ethics and growth conditions

Adult healthy male Swiss Albino mice with weights in the range
of 25–30 g were housed in polypropylene cages under standard
lighting (12 h day/night cycle) and relative humidity (50 ± 15%)
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conditions in temperature-controlled rooms (22 ± 1 �C) as previ-
ously described (Aboul-Soud et al., 2011). Animals were housed
in sanitized polypropylene cages and there were allowed free
access to feed on standard mice pellet diet and water ad libitum.
All animals were allowed to acclimatize to the abovementioned
laboratory environment for 10 days prior to the actual treatments.
All the experimental usage of animals was carried out as per the
guidelines of Committee for the Purpose of Control And Supervi-
sion of Experiments on Animals (CPCSEA) and the experimental
protocol was approved by the Institutional Animal Ethics Commit-
tee (IAEC) (Ref. No. F4/CIPT/ADMIN/2018-19/004).

2.4. Experimental design

Thirty normal healthy male Swiss Albino mice were kept sepa-
rately in 5 random groups (n = 6).

Group 1: Control diet + 0.3% of aqueous carboxymethylcellulose
(CMC, as vehicle)

Group 2: HFD + 0.3% CMC (vehicle)
Group 3: HFD + Atorvastatin (10 mg/kg; p.o.)
Group 4: HFD + DS (100 mg/kg; p.o.)
Group 5: HFD + DS (200 mg/kg; p.o.)
The total duration of the study was 90 days. During the first 45-

day interval, animals of all groups were treated with HFD, whereas
during the consequent 45-day interval animals were administered
HFD along with either the standard cholesterol-lowering drug
atorvastatin or DS (Jain et al., 2010; Lu et al., 2010; Sikarwar and
Patil, 2012).

2.5. Blood collection

Mice were kept fasting for 24 hrs and blood samples were
extracted via retro-orbital sinus puncture. This was followed by
centrifugation at 2500 rpm for 15 min. The obtained serum was
used for the biochemical analysis of lipid profile indices and liver
function enzymes.

2.6. Biochemical and histopathological studies

The standard diagnostic kits were used for estimation of lipid
profile indices as well as liver function enzymes including serum
total cholesterol, total triglyceride, LDL, VLDL, HDL, SGOT, SGPT,
serum ALP, and total protein levels. At the end of the experimental
period and after blood sampling, animals were sacrificed under
anesthesia and the liver was removed as previously described
(Aboul-Soud et al., 2011). For histopathological examination, the
hepatic tissue samples were first rinsed in phosphate-buffered sal-
ine (PBS), then fixed in 10% neutral buffered formalin, standardized
dehydration in ascending grades of alcohol, and paraffin-
embedding procedures were conducted. Microtomy of paraffin-
embedded ultrathin sections (5 mm thickness) was carried out
and slides were stained by hematoxylin-eosin (H & E) dyes. The
sections were analyzed using an Olympus light microscope (Olym-
pus, BX51, Tokyo, Japan) with an attached photograph machine
(Olympus E-330, Olympus Optical Co. Ltd.) Five slides were exam-
ined for each liver and sections were screened for liver injury and
hepatotoxicity.

2.7. Statistical analyses

Results were expressed as Mean ± SEM. The statistical analyses
were performed by GraphPad prism 8.0 software. The one-way
analysis of variance (ANOVA) test was utilized for the comparisons.
This was followed by multiple comparisons with Dunnett’s Multi-
ple Comparisons Test using Graph Pad Prism version 8.1. P < 0.05
signified statistically significant result.
3. Results and discussion

3.1. Acute oral dose toxicity

In the current study, safety of the acute oral dose toxicity for
diosmin (DS) was confirmed at a dose rate of 2000 mg/kg; p.o, as
no mortality was observed throughout the course of the entire
experiment of 90 days. Hence, dose ranges of 200 and 100 mg/
kg; p.o. was selected for this investigation.

3.2. Effects of DS on lipid profile in hyperlipidemic mice

Abnormal lipid profiles are one of the most prevalent patholog-
ical complications in DM that are estimated to be present in 40% of
diabetic patients. DM is characterized by hyperglycaemia, hyperc-
holesterolemia and hypertriglyceridemia caused by defects in
insulin secretion superseded by dysfunctional organ performances
and failures particularly heart and arteries, kidneys eyes and neu-
rons (Duckworth et al., 2009). Hyperlipidemia is a reflection of an
increase in cholesterol level, both total cholesterol (TC) and low-
density lioporotein (LDL), which plays an essential role in the pro-
duction of reactive oxygen species (ROS) leading to a subsequent
oxidative stress (OS) and the stimulation of the lipid peroxidation.
Moreover, the elevated levels of ROS result in severe cellular dam-
age that is primarily caused by the oxidation of cellular compo-
nents, including DNA and mitochondrial membrane (Jain et al.,
2010; Lu et al., 2010; Yazdanparast et al., 2008). OS has been doc-
umented to play a pivotal role in the pathophysiology and progres-
sion of diverse human diseases including CVI, CVD, and DM (Feldo
et al., 2018; Mahmoud et al., 2019, 2012).

To this end, the proved potent antioxidant properties of natural
flavonoids such as DS have been shown to prevent and/or attenuate
the pathological development for adverse conditions (Feldo et al.,
2018; Mahmoud et al., 2019). Moreover, risks for onset of advance
cardiac pathologies like atherosclerosis is also associated with
chronic hyperlipidemia (Martins and Redgrave, 2004; Mbikay,
2012). In this present study, the consequences of hyperlipidemia
were followed in mice fed with high-fat diet (HFD) by analyzing
serum TC, triglycerides (TG), LDL-C, and VLDL-C was monitored as
outlined in the Fig. 1.

For the lipid profile analysis, the levels of TC, TG, HDL-C, LDL-C
and VLDL-C were monitored and results were depicted in Table 1.

The proper controls were followed with the normal mouse, HFD
control and to compare the DS treatment, with a standard
cholesterol-lowering drug, atorvastatin was administrated to mice.
The decrement in the total cholesterol was noticed at comparable
ratewith atorvastatin (10mg) in themice groups administeredwith
200 mg of DS. Interestingly, with 100 mg of DS also significant level
of reduction in the total cholesterol was found. These results were
further supported by the improved TG, HDL-C, LDL-C and VLDL-C
levels as compared to hyperlipidemia in mice. Overall, the treat-
ment with DS significantly reversed the changes recorded in mice
fed with HFD. HFD caused significant (ap < 0.01) increase in serum
total cholesterol, triglycerides, LDL-C, and VLDL-C and decrease in
HDL-C. Treatment with DS resulted in significant (bp < 0.01) decline
in total cholesterol, triglycerides, LDL-C, and VLDL-C. DS treatment
was also resulted in significant rise in the levels of HDL-C. Standard
drug atorvastatin showedamore prominent effect thanDS (Table 1).
Moreover, the rise in HDL-C was revealed in a dose-depended



Fig. 1. Representation for the drug treatment and analysis with hyperlipidemia. Both normal and hyperlipidemia mice are shown.

Table 1
Effect of DS on lipid profile in HFD induced hyperlipidemia in mice.

Groups Treatment Total Cholesterol (mg/dL) Triglycerides (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) VLDL-C (mg/dL)

I Normal Control 59.22±0.5 65.838±1.1 37.754±0.2 8.31±0.5 13.164±0.2
II HFD Control 200.04±0.7a 101.872±7.7a 20.83±1.1a 158.846±1.9a 20.372±1.5a

III HFD + Atorvastatin (10 mg/kg;p.o) 129.12±3.3b 72.118±7.0b 32.15±1.1b 82.552±5.1b 14.418±1.4b

IV HFD + DS (100 mg/kg;p.o) 153.26±7.0b 67.576±3.1b 29.628±0.3c 110.13±7.4b 13.51±0.6b

V HFD + DS (200 mg/kg;p.o) 133.57±6.8b 64.018±3.2b 32.23±1.2b 88.544±6.1b 12.798±0.6b

Values are expressed as mean ± SEM (n = 6). ap < 0.01 considered statistically significant as compared to normal control group; bp < 0.01 and cp < 0.05 considered statistically
significant when compared to HFD control group.

112 S.M. Firdous et al. / Saudi Journal of Biological Sciences 28 (2021) 109–115
manner and administration of DS at a dose of 200 mg/kg; p.o. out-
shined DS at the dose rate of 100 mg/kg; p.o.

3.3. Effects of DS on SGOT, SGPT, ALP, and total protein in
hyperlipidemia mice model

Liver function enzymatic activities and total protein were mon-
itored in control and HFD mice treated along with either atorvas-
tatin or DS at different doses for comparison (Table 2). In HFD-
induced hyperlipidemia mice group, a significant rise in liver func-
tion enzymatic activities (SGOT, SGPT, and ALP) was observed. Evi-
dently, significant and normalizing effects have been noticed with
the administration of DS and comparable with the atorvastatin-
treated group. An equal performance of DS (at 200 mg) with ator-
vastatin was at dose of 20-fold higher than the level of atorvastatin
(10 mg). Moreover, A significant effect was also registered with the
Table 2
Effect of DS on SGOT, SGPT, ALP, and total protein in HFD induced hyperlipidemia in mice

Groups Treatment SGOT (IU/L)

I Normal Control 24.256 ± 1.0
II HFD Control 50.64 ± 1.6a

III HFD + Atorvastatin (10 mg/kg;p.o.) 33.098 ± 1.5c

IV HFD + DS
(100 mg/kg;p.o.)

38.778 ± 2.2c

V HFD + DS
(200 mg/kg;p.o.)

32.26 ± 3.4c

Values are expressed as mean ± SEM (n = 6). ap < 0.01 and bp < 0.05 considered statistically
statistically significant when compared to the HFD control group.
100 mg of DS, however, 200 mg was shown to be the perfect dose
against hyperlipidemia. Interestingly, SGPT and ALP activities were
found to be better respond to the lowering effect of DS than ator-
vastatin. Treatment with DS (100 and 200 mg/kg;p.o) showed a
significant (cp < 0.01) decrease in SGOT and SGPT levels. ALP
enzyme activities also showed significant (dp < 0.05) decrease upon
treatment with DS. On the other hand, a decrease in the total pro-
tein level was observed in HDF induced hyperlipidemic mice that
however, got reversed upon treatment with DS. Further, treatment
with atorvastatin also improved the levels of SGOT, SGPT, ALP, and
total protein in HFD induced hyperlipidemia in mice (Table 2).

3.4. Histopathological examination of liver tissues

The hepatic tissue samples of control mice showed central vein,
bile duct and hepatocytes arranged in the cords, whereas in HFD-
.

SGPT (IU/L) ALP (KA/100 ml) Total protein (gm/dL)

23.67 ± 1.0 4.71 ± 0.3 7.824 ± 0.3
61.984 ± 0.9a 8.742 ± 2.0b 6.41 ± 0.1
35.249 ± 2.5c 4.256 ± 0.4d 8.354 ± 0.7
41.348 ± 4.0c 5.55 ± 0.5 8.294 ± 0.7

29.836 ± 2.7c 2.742 ± 0.5c 8.256 ± 0.6

significant as compared to normal control group; cp < 0.01 and dp < 0.05 considered
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induced hyperlipidemic mice it showed disorganized hepatic tis-
sue, fatty changes, and condensed nuclei (Fig. 2). Mice treated with
atorvastatin exhibited improvement in cellular histoarchitectural
morphology, but hepatocytes with condensed nuclei were
observed, whereas DS-treated mice acquired distinct quassi-
normal histopathology profile (Fig. 2).

The prevalence rate of NAFLD globally ranges from 10 �35%,
where it depends on various population studies and their approach
using different diagnostic tools. Meanwhile, the incidence rate in
United States is reported to be 75%, which is highest among all
chronic liver diseases (El-Sheekh et al., 2014). It has been docu-
mented, by earlier studies, that HFD is associated with abnormali-
ties in lipid profile indices and metabolism, and is considered the
primary causative factor accountable for the progression to NAFLD
(Altunkaynak, 2005; Čonková et al., 2001; Kameshwara et al.,
2013). Our results revealed that mice fed with HFD for 90 days
exhibited hepatic mutilation, as evidenced by biochemical and
histopathology results. However, treatment with DS showed a
transitory or momentary reduction in the activities of the enzymes,
confirming a protective potential of DS against hyperlipidemia.
Taken together, it could be concluded from above results that DS
possess potent antihyperlipidemic activity and also hepatoprotec-
tive properties as evidenced by the attenuated HFD-induced
NAFLD.

Hyperlipidemia is a condition of increased total cholesterol, low
and very low density lipoprotein cholesterol level, as this situation
is associated with disorders in lipid metabolism which indeed
leads to cardiovascular diseases. The World Health Organization
(WHO) has already reported that 40% of the world population is
suffering from high plasma cholesterol levels, which is alarming
the danger bells as it is regarded as the most important cause of
the mortality (Organization, 2019). Meta-analysis work has docu-
mented that around 23.6% of the general African adult population
is suffering from dyslipidemia condition (Noubiap et al., 2018),
whereas, it has been reported that 31% of the Asian population
are at high risk due to hyperlipidemia (Poh et al., 2018).

Indeed, there are several treatment options and medications are
in use to treat this conditions but are limited to chemical drugs.
Today, it’s trending to use herbal medicine as an alternative treat-
ment which has long history of usage and coming up with more
options in treatment methods. Recently, Chinese scientific
researchers have come up with positive reports revealing interven-
tional targets for treating hyperlidemia and postulated fours
Fig. 2. Histopathological examination of mice liver tissues (H&E stain � 400). (a) Norm
(100 mg/kg;p.o.); (e) HFD + DS (200 mg/kg;p.o.). (NH – Normal hepatocytes, CV – Centr
different lipid-lowering mechanisms-of-action of bioactive com-
pounds derived from herbal medicine (Ji et al., 2019). Recently,
plant products and their derivatives have been extensively
employed as precious resource for medical and pharmaceutical
agents in diverse therapeutic protocols both in experimental ani-
mals and in humans (Ashour et al., 2016; El-Shemy et al., 2009;
Mahmoud et al., 2019, 2012). However, limited knowledge about
the toxicity and the pronounced side effects observed for eth-
nomedical herbal products highlighting the urgent need for studies
primarily focusing on the purified active principals as they exhibit
lesser toxicity with more pharmacological values compared with
their crude unpurified counterparts. In this context, conforming
with our findings on DS, the antioxidant activity of hesperidin,
another flavonoid that is mainly present in lemons and oranges,
has been reported against hyperglycemia-induced OS in HFD/
streptozotocin-induced diabetic rats (Mahmoud et al., 2012).
Hespiridin has been reported to significantly lowered lipid peroxi-
dation and stimulated the antioxidant capacity in the form of
reduced glutathione (GSH), vitamin C, and vitamin E, as well as
instigated a notable enhancement in the activity of antioxidant
enzymes in type 2 diabetic rats (Mahmoud et al., 2012). A recent
study has reported that the use of DS in combination with hes-
peridin alleviates exhibits notable neuroprotective and antihyper-
algesic effects in rats, suggesting that this combination can be used
in treating experimental chronic neuropathic pain (Carballo-
Villalobos et al., 2016). A recent study on spirulina, biomass of
cyanobacteria (blue-green algae) known to be used as a dietary
supplement worldwide, have reported a significant beneficial
effect on lowering total cholesterol, triglycerides, systolic and dias-
tolic blood pressure, and more notably have been associated with
elevation in HDL levels (Torres-Duran et al., 2007).

4. Conclusion

The current study was performed to assess the antihyperlipi-
demic potential of DS in mice fed with HFD for the first 45 days
and the consequent 45 days were fed with HFD plus the drugs.
The DS administration to hyperlipidemic mice displayed a signifi-
cant improvement in investigated lipid profile parameters includ-
ing total cholesterol, triglycerides, LDL-C, VLDL-C and HDL-C in
HFD. Moreover, an improvement has been recorded in liver
enzyme activities (serum glutamic oxaloacetic transaminase,
serum glutamic pyruvic transaminase, and alkaline phosphatase)
al control; (b) HFD control; (c) HFD + Atorvastatin (10 mg/kg;p.o.); (d) HFD + DS
al vein, * – Fatty Changes, and ? Condensed nucleus).
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and total protein in the serum. Furthermore, evidence was
obtained from histopathological examination that the displayed
disorganized hepatic tissue, fatty changes, and mononuclear cell
infiltration exhibited in HFD-fed mice could be ameliorated by
DS administration. In conclusion, beneficial antihyperlipidemic
and hepatoprotective effects of DS that were comparable
to that obtained with atorvastatin, the standard cholesterol-
lowering drug that blocks the production of cholesterol, have been
reported.
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