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Abstract: Diabetes is one of the most common chronic diseases worldwide. This study aims to evaluate
the hypoglycemic and hypolipidemic effects of Crataegus aronia (C. aronia) ethanolic extract and
Crataegus aronia phytosome (C. aronia-p) in streptozotocin (STZ)-induced diabetic rats. The
phytochemical content of C. aronia was identified. The C. aronia ethanolic extract and C. aronia-p
were checked for their antioxidant activity using DPPH assay. Then, in vivo evaluation of C. aronia
ethanolic extract and C. aronia-p hypolipidemic and hypoglycemic activity was conducted using STZ-
induced diabetic rats. The major phytochemicals component found in C. aronia ethanolic extract is
phenols, flavonoids, alkaloids, and tannins. Moreover, The ICs, of DPPH scavenging activity after the
treatment of C. aronia leaf ethanolic extract is 69.46+6.4 ul. Furthermore, our study indicated that the
C. aronia leaves extract and C. aronia-p has significant hypolipidemic and hyperglycemic activity in
the diabetic rats (P <0.001). This study provides a useful indication for promoting C. aronia as a
potential novel therapeutic agent against diabetes.
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1. Introduction

Diabetes is a group of metabolic disorders characterized by chronic hyperglycemia [1].
It is considered one of the most important contemporary diseases with a negative health impact
on humans due to its complications, such as kidney failure, vision loss, nerve damage,
dyslipidemia, and uterine fibroids [2-6].
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Several anti-diabetes and hypolipidemic drugs have unfavorable and dangerous side
effects [7,8]. Therefore, searching for natural sources such as plant remedies that do not
produce harmful side effects is necessary and inevitable [9,10]. Medicinal plants may provide
beneficial effects such as antimicrobial, antioxidant, anti-inflammatory, and anticoagulant [11-
20]. Hence, conventional medicines may be a great alternative treatment prescribed to prevent
and treat diabetes [21-25].

Crataegus aronia plant, which is endemic in Jordan, is traditionally used to treat many
diseases such as cardiovascular diseases, diabetes, and hyperlipidemia [26,27]. In the same
context, recent studies demonstrated the efficacy of the nanoparticles in various fields such as
data storage [28], cosmetics [29], antimicrobial agents [19], and anticancer [13,30].
Phytosomes are a complex between a natural product and natural phospholipids introduced as
herbal formulations that exhibit enhanced absorption and generate higher bioavailability of the
active constituents than the conventional phytochemical or botanical extracts [31,32]. In
addition, these phyto-phospholipid complexes have improved pharmacokinetic and
pharmacological parameters [33]. Thus, more active constituents in the nutraceutical products
become available at the site of action at a similar or lower dose than conventional plant extract
[34-36].

The role of C. aronia extract and C. aronia-phytosomes on hyperlipidemic and
hyperglycemic conditions induced by diabetes has never been investigated before. Therefore,
this study has evaluated the potential hypolipidemic and hypoglycemic effects of C. aronia
extract and C. aronia-p in streptozotocin-induced diabetic rats.

2. Materials and Methods

2.1. C. aronia collection and preparation.

Leaves of C. aronia were collected during the fruiting stage in June-July 2019 from
plants cultivated in Ajloun, Jordan. C. aronia was identified and classified by Professor Sawsan
Atallah Oran, Department of Biology, Faculty of Science, University of Jordan, Amman,
Jordan. Voucher specimens have been preserved at the herbarium of the Department of
Biology, Faculty of Science at Mu'tah University. Then, the powder was packed in glass
containers with tight lids and stored in the refrigerator until the time of the experiment [13,37].

2.2. Preparation of the ethanolic extract of C. aronia leaves

The powder was extracted in ethanol/water (80/20, v/v; Hayman, England) in a ratio of
1: 5 (w/v) between the material and solvent using reflux for 48 hours at 40 °C. Afterward, the
extract was separated from the material residue by filtration through filter paper Whatman No.
1. The solvent was then evaporated using a rotary evaporator (Rotavapor model: RE-121,
Buchi) at 40 °C for 3-4 hours to obtain the plant extract [37,38].

2.3. Phytochemical analysis.

For flavonoid detection, according to previous reports [17, 25]. The plant extract was
first mixed with 1N of NaOH solution, followed by the addition of sulphuric acid. A change in
color from yellow to colorless upon the addition of acid indicated the presence of flavonoids
[39].
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According to Banu and Cathrine, the plant extract was mixed with hydrochloric acid,
followed by Mayer's reagent for alkaloid measurement. The presence of white precipitate
indicates the presence of alkaloids.

For tannins measurement, the plant extract was mixed with 10% ferric chloride. The
formation of dark blue or greenish-black indicates the presence of tannins [40].

The plant extract was mixed with 2 ml of distilled water followed by 1% ferric chloride
for phenols detection. The appearance of blue or green color confirms the presence of phenols
[40].

For glycosides measurement, the plant extract was mixed with glacial acetic acid and
ferric chloride and concentrated with sulphuric acid. The formation of greenish-blue color
indicates the presence of glycosides [41].

For terpenoids measurement, the plant extract was mixed with chloroform (CHCls) and
concentrated with H.SO4. The formation of reddish-brown coloration of the solution at an inert
face confirms the presence of terpenes [41].

For phytosterol measurement, the plant extract was mixed with chloroform and with
sulphuric acid. The formation of a brown ring indicates the presence of steroids, and the
formation of bluish-green color indicates the presence of phytosterols [41].

For quinine measurement, the plant extract was mixed with alcoholic KOH. The
appearance of red or blue color proves the presence of quinine [42].

Finally, for anthraquinones measurement, the plant extract was boiled with 10% of HCI
for a few minutes in a water bath and filtered. The filtrate was allowed to cool, and an equal
volume of CHCIz was added to the filtrate. A few drops of 10% NHs were added to the mixture
and heated. The formation of the rose-pink color was taken to indicate the presence of
anthraquinones [43].

2.4. In-vitro DPPH assay.

The antioxidant activity of C. aronia extract was evaluated using DPPH assay as
previously described in [20,44]. In this assay, different concentration of the extract (10 - 130
pl) was mixed with 0.1 mM of 2,2-diphenyl-1-picrylhydrazyl (DPPH) ethanol solution. The
control samples were prepared by repeating the above steps without the sample extract, and
then the absorbance was measured at 515 nm. Thus, the free radical scavenging activity of the
extract was expressed as % inhibition according to the following formula:

Inhibition (% ) = [ABS of control — (ABS of the sample/ABS of control)]X100.

2.5. Preparation of C. aronia phytosomes (C. aronia-p).

Preparation of C. aronia-p was obtained by using the procedure of Karimi et al. In this
procedure, one mole of phospholipid (lecithin) is mixed with one mole of C. aronia leaf
ethanolic extract in an aprotic solvent like acetone. The complex was then isolated by
evaporation of the solvent under precipitation with a non-solvent aliphatic hydrocarbon [45].

2.6. Transmission electron microscope analysis.

The shape and size of the phytosomes were determined using a transmission electron
microscope, where a drop of phytosomes was placed on a carbon-coated copper to form a thin
film and spotted with 2 % uranic acid and left to dry. Afterward, the stained film was examined
and snapped in a JOEL (JEM 2100) transmission electron microscope (TEM) [46].
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2.7. In vivo study.

All the experimental procedures and protocols used in this study were reviewed by the
Institutional Animal Ethics Committee (IAEC). Experiments were performed in the Animals
House / Department of Biological Sciences / Mutah university. All animal experiments were
conducted according to European Commission Directive 86/609/EEC guidelines for laboratory
animal care and use.

2.7.1. Acute toxicity of the ethanolic C. aronia leaves extract.

According to Pandey's method (1980) [47], thirty healthy male Wistar albino rats
weighing around 300 gm were divided into five groups with 6 rats in each group; the first group
received an only saline solution, and the other groups received oral doses of 300 mg/kg, 600
mg/kg, 1200 mg/kg, and 2500 mg/kg of ethanolic C. aronia leaves extract. Mortality among
rats was monitored for 48 hours with general effects of respiration, response to stimuli, tremors,
posture, gait, and depression were monitored.

2.7.2. Chronic toxicity of the ethanolic C. aronia leaves extract.

To determine the chronic toxicity effects of ethanolic C. aronia leaves extract, similar
dosages were administered to the rats as those used for the acute toxicity experiment. The gross
observational effects, the liver and kidney function tests, and mortality were monitored for 3
weeks. The gross observational effects were observed for respiration, response to stimuli,
tremor, posture, and gait.

2.7.3. Induction of diabetes.

In this experiment, a method of concurrent administration of streptozotocin (Sigma,
STZ) with nicotinamide was used. Nicotinamide (Sigma) was dissolved in 0.9% (w/v) normal
saline solution to a concentration of 110 mg/ml. STZ dissolved in the cold fresh 0.05 M sodium
citrate buffer (pH 4.5) immediately before injection. The rats were injected (i.p) with 110
mg/kg of nicotinamide, and after 15 minutes they were injected (i.v) with 50 mg/kg of STZ for
the experimental group. After the STZ injection, the rats were returned to their cages and given
5% D-glucose for 4 days as well as providing them with routine food and drinking water. After
four days, the fasting rats were measured for diabetes by testing their blood glucose
concentration. The control animals received only an equal volume of citrate buffer (pH 4.5). A
rat is considered diabetic if the blood sugar level is greater than 200 mg / dL [48].

2.7.4. Study design.

In the experiment, a total of 42 rats were used. The rats were divided into 7 groups (6
for each group). Group 1, healthy control rats (HCR); Group 2, diabetic control rats (DCR);
Group 3, diabetic rats administered metformin orally at a dose of 100 mg/kg (DMT); Group 4,
diabetic rats administered orally only ethanolic C. aronia leaves extract at a dose of 150 mg/kg
(C. aronia 150); Group 5, diabetic rats administered orally single ethanolic C. aronia leaves
extract at a dose of 250 mg/kg (C. aronia 250); Group 6, diabetic rats administered orally C.
aronia-p at a dose of 150 mg/kg (C. aronia-p 150); Group 7, diabetic rats were administered
orally C. aronia-p at a dose of 250 mg/kg (C. aronia-p 250).

https://biointerfaceresearch.com/ 4 0f 14


https://doi.org/10.33263/BRIAC133.207

https://doi.org/10.33263/BRIAC133.207

2.7.5. Measurement of body weight and biochemical analysis.

Bodyweight, blood glucose levels, and lipid profile, including (Total Cholesterol (TC),
Triglycerides (TG), High-density lipoprotein (HDL-C), and Low-density lipoprotein (LDL-C))
were estimated on 0, 7, 14, and 21% day after the administration of the extract orally. Blood
samples were collected from rats by using retro-orbital puncture in plain gel glass tubes (BD
Diagnostics, Ireland). Serum was separated using a centrifuge (Druckerdiagnostics, USA) to
perform blood glucose and lipid profile measurements using automated blood Biomaxima
analyzer and its Reagents (Biomaxima, Poland)[47].

2.8. Statistical analysis.

The result is expressed as means £ S.E.M. (standard Error of Mean) for six rats in each
group. To investigate any significant differences between groups, a one-way analysis of
variance (ANOVA) was used, followed by the Tukey test. Size of effect calculated by partial
eta square test.

3. Results and Discussion

3.1. Phytochemicals analysis.

Phytochemical analysis of C. aronia leaves revealed the presence of phenols,
flavonoids, alkaloids, and tannins (Table 1). In plants, these compounds afford protection
against ultraviolet UV-B radiation, pathogens, and herbivores [49]. In addition, it has been
proved that these compounds exhibit beneficial health effects by decreasing the risk of
cardiovascular diseases and providing protection against cancer, diabetes, osteoporosis, and
neurodegenerative diseases [50]. Moreover, they effectively diminish free radicals due to their
high antioxidant potential [51].

Table 1. Qualitative results of ethanolic C. aronia leaf extract.

Test Name Result
Flavonoids ++
Alkaloids +++
Saponins +
Tannins +++
Phenols ++
Glycosides ++
Trepenoids +
Phytosterol +
Quinine +
Anthraquinones

Strongly Present +++, Present ++ , weekly present +, Absent
3.2. Antioxidant assay.

The Antioxidant activity of C. aronia extract was determined by using free radical
scavenging capacity using DPPH assay. The IC50 of DPPH scavenging activity under the
influence of C. aronia leaf ethanolic extract is 69.46+6.4 ul (Figure 1). Generally, it was found
that ethanolic plant extracts are the most effective scavenger of DPPH radical compared with
other solvents [52]. Despite that, it was proposed that ethanol is a more functional solvent for
degrading the cell walls and seeds because of having nonpolar nature leading to the release of
active phyto-contents outside the cells. Therefore, we suggested that the flavonoids, alkaloids,
and tannins contents are responsible for the antioxidant activity of C. aronia extract; such
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observation is in agreement with several previous findings [53-56]. The potent antioxidant
activity of C. aronia leaves could be attributed to the presence of different phytochemicals,
which have a therapeutic implication in protecting cells and tissues against oxidative damage
[57].
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Figure 1. DPPH radical scavenging activity of C.aronia leaf.

3.3. Phytosome analysis.

Phytosomes are appeared as regular circular bodies of multiple sizes and distributed
separately. The surfaces of these nanobodies were smooth, as shown in Figure 2.

=

R

Figure 2. Topograic view of C. aronia hytsoes using Transmission Electron Microscope (TEM).

3.4. Lethal dose (LD50) and acute toxicity.

The acute toxicity study showed that the C. aronia leaves ethanolic extract did not cause
any death in the animal groups during a 48-hour period. The LDsowas higher than 2500 mg /
kg as shown in Table 2, whereas the median effective dose (EDso) = 250 mg / kg. Both were
calculated by using these equations:

LD50 = higher dose — X (a x b)/ n where n = No. of animals in each group

ED50 = LD50/ 10

https://biointerfaceresearch.com/ 6 of 14


https://doi.org/10.33263/BRIAC133.207

https://doi.org/10.33263/BRIAC133.207

Table 2. Results of acute toxicity studies of C.aronia extract

Group | Dose No. of animals Dose Animals Died (b) | Mean | axb
(ma/kg) Difference (a)

1. 300 6 30 0 - 0

2. 600 6 45 0 - 0

3. 1200 6 60 0 - 0

4. 2500 6 90 0 - 0

3.5. Chronic toxicity.

To determine the chronic toxicity of C.aronia ethanolic extract, blood urea and
creatinine concentrations were measured and the level of the liver enzymes, AST and ALT, in
both treated and control groups. As demonstrated in Table 3, no changes were observed in the
level of these parameters in the tested groups compared to the control group.

Table 3. The effect of 250 mg/kg of C.aronia ethanolic Extract on liver and kidney rats' functions.
ALT (U/l) AST (U/) Creatinin (mg/dl) | Urea (mg/dl)

Cont | Exp Cont Exp Cont Exp Cont | Exp

Average value | 76.5 | 76.1 | 107.7 | 106.6 | 0.815 0.798 35.81 | 35.72

Max. value 95 100.1 | 123.33 | 120 0.92 0.86 455 | 446

Min. value 68.1 | 66.7 88 87.7 0.71 0.76 3133 | 33.1

3.6. Effect of C. aronia-p and ethanolic extract of C. aronia on blood glucose level.

STZ treatment induces T2DM in rats, representing a model of insulin-deficient but not
insulin resistant T2DM characterized by stable, moderate hyperglycemia associated with 60%
loss of B-cell function [48,58]. The administration of STZ was combined with nicotinamide to
protect B-cells against STZ cytotoxicity [58]. In this experiment, adult rats were given a dose
of STZ (50 mg/kg) to stimulate the development of diabetes, which was confirmed by the
presence of polyuria and hyperglycemia in animals treated with STZ.

Table 4. The measured blood glucose level in induced diabetic rats.

# Group Type Day0 Day7 Day14 Day?21

1 HCR 99.39 +£0.58 101.09 £ 0.65 98.61 £ 1.55 97.92+1.29

2 DCR 213.02+1.6° 22439 +1.18° 2452 +7.2¢° 24253 +1.02?
3 DMT 239.62+ 0.52 206.01+ 0.782 159.6+0.532 113.91+1.72

4 C. aronia 150 229.29+1.12 222.4+2.7(N.S) 207.2+3.2° 189.09 + 3.07°¢
5 C. aronia 250 230.+1.1° 223.40+2.46 (N.S) 204.99+3.94° | 187.02+2.77°
6 C. aronia-p 150 228.8 £2.0? 221.28+2.61 (N.S) 201.45+2.48° | 180.69+0.36°
7 C. aronia-p 250 232.2+1.022 224.41+1.81 (N.S) 197.71+1.88% | 171.09+1.812

Values are mean £ SEM; n=6 in each group; HCR: healthy control rats; DCR: diabetic control rats; DMT:
diabetic rats administered metformin orally at a dose of 100 mg/kg; Groups 3-7 were compared with group 2, and
group 2 was compared with group 1. Values of significance a=p<0.001, b=p<0.01, ¢ =p<0.05.

Our results shown in Table 4 demonstrated that fasting blood glucose level in the
diabetic rats was significantly higher than in the control group (P < 0.001).

Impressively, the C. aronia leaves extract and C. aronia-p significantly and dose-
dependently decreased the blood glucose level in the diabetic rats (P <0.001). Nevertheless, C.
aronia leaves extract, and C. aronia-p were not equipotent to metformin.

It is well known that the biological membrane has a double-layered lipoidal nature.
Therefore, the components present in the phytosomes have the ability to penetrate the lipoidal
bilayer and hence, exhibited higher uptake and improved bioavailability than conventional

https://biointerfaceresearch.com/ 7 of 14


https://doi.org/10.33263/BRIAC133.207

https://doi.org/10.33263/BRIAC133.207

herbal extracts, which could explain the restricted efficacy of the C. aronia leaves extract alone
compared to C. aronia-p as shown in Table 4.

We suggested that the effect of C. aronia leaves extract and C. aronia-p in reducing the
elevation of blood glucose induced by STZ is presumably mediated through enhancing insulin
secretion as well as reducing the oxidation stress condition in beta cells [59] or through the
hindering glucose absorption by inhibiting carbohydrate-hydrolyzing enzymes, such as a-
amylase and glucosidase in the intestine [60-62].

3.7. Effect of C. aronia-p and ethanolic extract of C. aronia on body weight.

Several studies revealed a link between obesity and insulin resistance with the increased
risk of developing T2DM, cardiovascular disease as well as certain types of cancer such as
colorectal, breast, and pancreatic cancer [63]. In this context, our data demonstrated that both
C. aronia-p (P <0.001) and ethanolic extract of C. aronia (P <0.05) can significantly improve
the bodyweight of diabetic rats compared to the untreated rats (see Table 5). Yet, none of the
investigated treatments could be identified as equally effective as metformin. A plausible
explanation for this effect could be that C. aronia-p and ethanolic extract of C. aronia decrease
lipase enzyme activity, leading to enhanced body weight in diabetic rats [64]. Furthermore,
weight reduction is closely linked to improving insulin efficacy and lowering blood sugar levels
[65].

Table 5. The bodyweight of diabetic and treated rats.

# Groups Day 0 Day 7 Day 14 Day 21

1 HCR 216.66+1.02 218.50+0.56 218.83+0.5 223.0+£1.15

2 DCR 211.83+0.6 214.5+1.10N9) 217.3+0.760N9) 220.16+0.47NS)
3 DMT 219.33+£0.3 219.16+0.3N9) 219.0£0.9(N9) 218.8+1.19N9)
4 C. aronia 150 23545.25(N8) | 234.0+4.76 N9 232.245.3(N9) 232.50+4.4°

5 C. aronia 250 239.33+9(NS) | 240.83+8.3MN9) 238.3+8.5(N9) 236.0+8.46°¢

6 C. aronia-p 150 235+1.36(NS) | 235.0+1.39NS) 230.8+2.3° 229.8+0.74°

7 C. aronia-p 250 234.83+1.44 235.83+1.192 231.2+1.78 226.0+1.122

Values are mean £ SEM; n=6 in each group; HCR: healthy control rats; DCR: diabetic control rats; DMT:
diabetic rats administered metformin orally at a dose of 100 mg/kg; Groups 3-7 were compared with group 2, and
group 2 was compared with group 1. Values of significance a=p<0.001, b=p<0.01, c=p<0.05; N.S =Not
significant.

3.7. Effect of C. aronia-p and ethanolic extract of C. aronia on lipid profile.

Hyperlipidemia is caused not only by increased exogenous lipid absorption through the
gut but also by enhanced endogenous lipid synthesis [66]. It is a recognized complication of
T2DM and is characterized by elevated levels of cholesterol, TG, and LDL-C. Many Studies
demonstrated that hyperlipidemia reduces the antioxidant defense system [67,68]. Thus, an
antioxidant capacity can be considered an important property of the hypolipidemic agent.
Furthermore, antioxidants can suppress lipid accumulation in the wall of blood vessels and the
buildup of atheromatous plaques in the animal models of atherosclerosis [68]. Accordingly, we
designed an experiment to investigate the potential hypolipidaemic effect of C. aronia-p and
the ethanolic extract of C. aronia in STZ-induced diabetic rats.

Table 6. Lipid profile of diabetic and treated rats.

TC level
# Groups Day 0 Day 7 Day 14 Day 21
1 HCR 106.1+15 105314 104121 1025+1
2 DCR 117.6+0.7° 118.1+ 0.8 1188 +1.8° 119.7 +2.28
3 DMT 1054+ 3.1° 105.6 + 3.52 106.5+7.28 107.06+5.5%
4 C. aronial50 107.35+2.4° 102.6+ 1.7° 99.47+7.5° 95.24+6.7°
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TC level
# Groups Day 0 Day 7 Day 14 Day 21
5 C. aronia 250 111.2+0.64° 110.62+0.6° 106.21+5.02° 102.5+2.91°
6 C. aronia-p 150 | 106.07+0.14° 107.43+0.4¢ 102.03+0.962 97.1+£3.14%
7 C. aronia-p 250 | 109.96+2.42 110.6+0.922 102.26+ 4.12 9551 +2.18
TG level
# Groups Day 0 Day 7 Day 14 Day 21
1 HCR 63.66 +0.4 62.14 £ 0.5 61.82+0.2 61.69 £ 0.15
2 DCR 66.29 + 2.7 69.11+3.7 69.74 £ 3.8 70.26 £3.7
3 DMT 70.26+1.8 712917 72.16+£2.3 73.07+£25
4 C. aronia 150 65.65+0.4 65.13+0.3 63.95+1.1 61.96 + 0.76°
5 C. aronia 250 67.76+0.2 67.09+0.3 66.65+0.2 65.74 £ 0.2°
6 C.aronia-p 150 | 69.24 +0.2 67.40+0.3 6541+04 63.29 £ 0.8°
7 C.aronia-p 250 | 71.16+0.2 69.72+1.0 63.14 £ 0.7 56.47 + 1.44°
HDL-C level
# Groups Day 0 Day 7 Day 14 Day 21
1 HCR 34.62+0.44 35.26 £ 0.83 42.87 £0.51 48.79 £0.23
2 DCR 28.09+0.32 27.29+ 042 26.75+0.422 26.25+0.372
3 DMT 26.65+0.25 26.51+0.17 25.68+0.21 24.85+ 045
4 C. aronia 150 44.14+0.26° 45.14+0.322 45.57 £ 0.4° 46.58+0.242
5 C. aronia 250 47.21+0.322 47.32+0.322 48.30+0.33? 48.92+0.452
6 C. aronia-p 150 | 52.37+0.672 52.41+0.70? 54.12+1.042 55.76+0.362
7 C. aronia-p 250 | 56.18+0.90? 56.89+0.422 60.3+0.312 63.59+0.252
LDL-C level
# Groups Day 0 Day 7 Day 14 Day 21
1 HCR 58.53+ 1.89 58.3+1.09 48.89+0.88 41.40+0.51
2 DCR 76.73+0.53? 76.88+0.882 77.65+1.13% 79.55+0.94%
3 DMT 71.6+0.83 69.62+0.66" 70.49+ 0.95 71.4+1.22°
4 C. aronia 150 50.08+2.192 44.51+1.652 41.113.22 36.2+2.81°
5 C. aronia 250 50.1+ 0.25° 49.88+0.33? 44.58+2.212 40.42+1.422
6 C. aronia-p 150 | 41.84+0.76° 41.52+0.942 34.82+1.35% 28.67+1.48°
7 C.aronia-p 250 | 42.71+0.79? 39.73x0.272 29.31+1.90% 21.51+0.472

Values are mean + SEM; n=6 in each group; HCR: healthy control rats; DCR: diabetic control rats; DMT:
diabetic rats administered metformin orally at a dose of 100 mg/kg; Groups 3-7 were compared with group 2, and
group 2 was compared with group 1. Values of significance a=p<0.001, b=p<0.01, c=p<0.05.

The data presented in Table 6 demonstrated that diabetes markedly increases the plasma
TG, TC, and LDL-C but decreases HDL-C concentration. In addition, our data showed that
metformin significantly suppresses the elevated plasma level of TG, TC, and LDL-C and
increases HDL-C plasma levels. Besides, C. aronia-p and ethanolic extract of C. aronia
significantly decrease TG, TC, and LDL-C levels in a diabetic rat model. The hypolipidemic
effect of C. aronia-p causes a reduction in blood TC to 95.5 mg/dl at a percentage of 13.08%
(P-Value <0.001). Further, the ethanolic extract of C. aronia alone causes even a lower
percentage (8.7%) (P-value <0.001). As well as, C. aronia-p produces a significant reduction
in TG level (P <0.01), which is the lowest among all treatments that we used. Also, our results
indicated that all the treated rats had an increased HDL-C level. Moreover, C. aronia-p and
ethanolic extract of C. aronia exhibited a significant reduction in LDL-C level (P-value
<0.001). It appears that C. aronia-p (150 & 250 mg/kg) led to decreased cholesterol levels,
possibly by increasing the oxidation of fatty acids and inhibiting their synthesis while
increasing bile's effectiveness in eliminating cholesterol [69]. In supporting fashion, it is well
known that C. aronia contains terpenoids (see Table 1) that suppress the excretion of
triglycerides in liver cells [70].

In the same context, it has been proved that insulin plays an important role in regulating
lipid metabolism by suppressing the production of TGs and VLDL by hepatocytes both in vitro
and in vivo and by promoting LDL-C clearance [71-73]. Moreover, insulin promotes
Apolipoprotein A and HDL-C biosynthesis by hepatocytes in vitro [74].
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We thus suggested that the insulinotropic effect of C. aronia-p and ethanolic extract of
C. aronia could provide a reasonable explanation for such improvement in lipid profile in STZ-
induced diabetic rats.

4. Conclusions

Collectively, these results demonstrate that C. aronia-p and ethanolic extract of C.
aronia can significantly improve glucose and lipid homeostasis as well as possess strong
antioxidant activity. Therefore, they represent a potentially useful guard from diabetes.
Moreover, C. aronia-p was successfully formed to be a novel delivery system that can
overcome the hurdles associated with using plants extracts, such as poor stability in the gastric
environment, herbal toxicity, poor pharmacological activity, physical and chemical
degradation, and high doses of ingredients that could affect the safety and efficacy of the
extracts.

These multiple pharmacokinetic profiles may result from the synergistic effect of the
active ingredients, high absorption of these components, and hence the bioavailability of these
compounds. This presented scientific study provides some scientific and indicative support for
the design and role of phytosomes.

Values are mean + SEM; n=6 in each group; HCR: healthy control rats; DCR: diabetic
control rats; DMT: diabetic rats administered metformin orally at a dose of 100 mg/kg; Groups
3-7 were compared with group 2, and group 2 was compared with group 1. Values of
significance a=p<0.001, b=p<0.01, c=p<0.05.

Funding

This research was funded by the Deanship of Scientific Research, Mutah University, Al-kark
Jordan. Grant number 390/2020.

Acknowledgments

The authors would like to offer their gratitude to the members of the Biological Sciences and
Medical Analysis Department at Mutah University for their cooperation in achieving this work.

Conflicts of Interest

The authors declare no conflict of interest

References

1. Lovic, D.; Piperidou, A.; Zografou, I.; Grassos, H.; Pittaras, A.; Manolis, A. The growing epidemic of
diabetes mellitus. Current Vascular Pharmacology 2020, 18, 104-1009,
https://doi.org/10.2174/1570161117666190405165911.

2. Brownlee, M. Biochemistry and molecular cell biology of diabetic complications. Nature 2001, 414, 813-
820, https://doi.org/10.1038/414813a.

3. Persson, F.; Rossing, P. Diagnosis of diabetic kidney disease: state of the art and future perspective. Kidney
international supplements 2018, 8, 2-7, https://doi.org/10.1016/j.kisu.2017.10.003.

4. ‘Yamazaki, T.; Mimura, |.; Tanaka, T.; Nangaku, M. Treatment of diabetic kidney disease: current and future.
Diabetes & Metabolism Journal 2021, 45, 11-26, https://doi.org/10.4093/dm;.2020.0217.

5. Stewart, E.A.; Nowak, R.A. Uterine fibroids: hiding in plain sight. Physiology 2022, 37, 16-27,
https://doi.org/10.1152/physiol.00013.2021.

https://biointerfaceresearch.com/ 10 of 14


https://doi.org/10.33263/BRIAC133.207
https://doi.org/10.2174/1570161117666190405165911
https://doi.org/10.1038/414813a
https://doi.org/10.1016/j.kisu.2017.10.003
https://doi.org/10.4093/dmj.2020.0217
https://doi.org/10.1152/physiol.00013.2021

https://doi.org/10.33263/BRIAC133.207

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Al-Asoufi, A.; Khlaifat, A.; Tarawneh, A.; Alsharafa, K.; Al-Limoun, M.; Khleifat, K. Bacterial Quality of
Urinary Tract Infections in Diabetic and Non Diabetics of the Population of Ma'an Province, Jordan. Pakistan
journal of biological sciences: PJBS 2017, 20, 179-188, https://doi.org/10.3923/pjbs.2017.179.188.
Chellappan, D.K.; Yap, W.S.; NA, B.A.S.; Gupta, G.; Dua, K. Current therapies and targets for type 2 diabetes
mellitus. Panminerva Medica 2018, 60, 117-131, https://doi.org/10.23736/S0031-0808.18.03455-9.

Stein, S.A.; Lamos, E.M.; Davis, S.N. A review of the efficacy and safety of oral antidiabetic drugs. Expert
opinion on drug safety 2013, 12, 153-175, https://doi.org/10.1517/14740338.2013.752813.

Jacob, B.; Narendhirakannan, R. Role of medicinal plants in the management of diabetes mellitus: a review.
3 Biotech 2019, 9, 1-17, https://doi.org/10.1007/s13205-018-1528-0.

He, J.-H.; Chen, L.-X.; Li, H. Progress in the discovery of naturally occurring anti-diabetic drugs and in the
identification of their molecular targets. Fitoterapia 2019, 134, 270-289,
https://doi.org/10.1016/j.fitote.2019.02.033.

Khleifat, Khaled M., Khaled A. Tarawneh, Mohammad Ali Wedyan, Amjad A. Al-Tarawneh, and Khalid Al
Sharafa. "Growth kinetics and toxicity of Enterobacter cloacae grown on linear alkylbenzene sulfonate as
sole carbon source.” Current microbiology 2008, 57,4, 364-370, https://doi.org/10.1007/s00284-008-9203-z.
Gayibova, S.; IvaniSova, E.; Arvay, J.; Hrstkova, M.; Slavik, M.; Petrova, J.; Hleba, L.; Toth, T.; Kacaniova,
M.; Aripov, T. In vitro screening of antioxidant and antimicrobial activities of medicinal plants growing in
Slovakia. Journal of microbiology, biotechnology and food sciences 2021, 2021, 1281-1289,
https://doi.org/10.15414/jmbfs.2019.8.6.1281-1289.

Al-Tawarah, N.M.; Qaralleh, H.; Khlaifat, A.M.; Nofal, M.N.; Algaraleh, M.; Khleifat, K.M.; Al-limoun,
M.O.; Al Shhab, M.A. Anticancer and Antibacterial Properties of VVerthemia Iphionides Essential Oil/Silver
Nanoparticles. Biomedical and Pharmacology Journal 2020, 13, 1175-1185,
https://doi.org/10.13005/bpj/1985.

Qaralleh, H.; Khleifat, K.M.; Khlaifat, A.M.; Al-limoun, M.; Al-Tawarah, N.M.; Alhroob, A.M.; Alsaudi,
A.B. Chemical Composition, Antioxidant and Inhibitory Effect of Cupressus sempervirens Essential Oils and
Methanolic Extract on Beta-lactamase producing Isolates. Research Journal of Pharmacy and Technology
2021, 14, 4673-4679, https://doi.org/10.52711/0974-360x.2021.00812.

Yousef, I.; Oran, S.; Algaraleh, M.; Bustanji, Y. Evaluation of Cytotoxic, Antioxidant and Antibacterial
Activities of Origanum dayi, Salvia palaestina and Bongardia chrysogonum Plants Growing Wild in Jordan.
Tropical Journal of Natural Product Research 2021, 5, 66-70, https://doi.org/10.26538/tjnpr/v5il.7.

Al Qaisi, Y.T.; Khleifat, K.M.; Oran, S.A. Inhibitory Effects of Some Jordanian Medicinal Plants on In Vitro
Viability of Protoscolices of Hydatid Cysts. Tropical Journal of Natural Product Research. 2021, 12, 16,
https://doi.org/10.26538/tjnpr/v5i4.19.

Khleifat, K. M.; Matar, S. A.; Jaafreh, M.; Qaralleh, H.; Al-limoun, M. O.; & Alsharafa, K. Y. Essential Qil
of Centaurea damascena Aerial Parts, Antibacterial and Synergistic Effect. Journal of Essential Oil-Bearing
Plants 2019, 22(2), 356-367, https://doi.org/10.1080/0972060X.2019.1626292.

Khleifat, K.M.; Qaralleh, H.; Al-limoun, M.O.; Al-khlifeh, E.M.; Aladaileh, S.A.; Tawarah, N.; Almajali,
I.S. Antibacterial and Antioxidant Activities of Local Honey from Jordan. Tropical Journal of Natural
Product Research. 2021, https://doi.org/10.26538/tjnpr/v5i3.10.

Qaralleh, H.; Khleifat, K.M.; Al-Limoun, M.O.; Alzedaneen, F.Y.; Al-Tawarah, N. Antibacterial and
synergistic effect of biosynthesized silver nanoparticles using the fungi Tritirachium oryzae W5H with
essential oil of Centaurea damascena to enhance conventional antibiotics activity. Advances in Natural
Sciences: Nanoscience and Nanotechnology 2019, 10, 025016, https://doi.org/10.1088/2043-6254/ab2867.
Tarawneh, M.; Al-Jaafreh, A.M.; Al-Dal'in, H.; Qaralleh, H.; Algaraleh, M.; Khataibeh, M. Roasted date and
barley beans as an alternative's coffee drink: micronutrient and caffeine composition, antibacterial and
antioxidant activities. Systematic Reviews in Pharmacy 2021, 12, 1079-1083.

Algaraleh, M.; Kasabri, V. The antiglycation effect of monomethyl branched chained fatty acid and
phytochemical compounds and their synergistic effect on obesity related colorectal cancer cell panel.
Romanian Journal of Diabetes Nutrition and Metabolic Diseases 2019, 26, 361-369,
https://doi.org/10.2478/rjdnmd-2019-0039.

Zhao, Y.; Jayachandran, M.; Xu, B. In vivo antioxidant and anti-inflammatory effects of soluble dietary fiber
Konjac glucomannan in type-2 diabetic rats. International Journal of Biological Macromolecules 2020, 159,
1186-1196, https://doi.org/10.1016/j.ijbiomac.2020.05.105.

https://biointerfaceresearch.com/ 11 of 14


https://doi.org/10.33263/BRIAC133.207
https://doi.org/10.3923/pjbs.2017.179.188
https://doi.org/10.23736/S0031-0808.18.03455-9
https://doi.org/10.1517/14740338.2013.752813
https://doi.org/10.1007/s13205-018-1528-0
https://doi.org/10.1016/j.fitote.2019.02.033
https://doi.org/10.1007/s00284-008-9203-z
https://doi.org/10.15414/jmbfs.2019.8.6.1281-1289
https://doi.org/10.13005/bpj/1985
https://doi.org/10.52711/0974-360x.2021.00812
https://doi.org/10.26538/tjnpr/v5i1.7
https://doi.org/10.26538/tjnpr/v5i4.19
https://doi.org/10.1080/0972060X.2019.1626292
https://doi.org/10.26538/tjnpr/v5i3.10
https://doi.org/10.1088/2043-6254/ab2867
https://doi.org/10.2478/rjdnmd-2019-0039
https://doi.org/10.1016/j.ijbiomac.2020.05.105

https://doi.org/10.33263/BRIAC133.207

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

El Sawi, S.A.; Sleem, A.A.; Merghany, R.M. In Vivo Antioxidant, anti-Inflammatory and anti-
Hyperglycemic Effects of Salvia Splendens Aerial Parts in Male Albino Rat Models. Journal of Herbs, Spices
& Medicinal Plants 2021, 27, 149-160, https://doi.org/10.1080/10496475.2021.1891173.

Rocha, S.; Ribeiro, D.; Fernandes, E.; Freitas, M. A systematic review on anti-diabetic properties of
chalcones. Current medicinal chemistry 2020, 217, 2257-2321,
https://doi.org/10.2174/0929867325666181001112226.

Tatipamula, V.B.; Kukavica, B. Phenolic compounds as antidiabetic, anti-inflammatory, and anticancer
agents and improvement of their bioavailability by liposomes. Cell Biochemistry and Function 2021, 39, 926-
944, https://doi.org/10.1002/cbf.3667.

Xie, W.; Zhao, Y.; Du, L. Emerging approaches of traditional Chinese medicine formulas for the treatment
of hyperlipidemia. Journal of Ethnopharmacology 2012, 140, 345-367,
https://doi.org/10.1016/j.jep.2012.01.027.

Pirmoghani, A.; Salehi, I.; Moradkhani, S.; Karimi, S.A.; Salehi, S. Effect of Crataegus extract
supplementation on diabetes induced memory deficits and serum biochemical parameters in male rats. IBRO
reports 2019, 7, 90-96, https://doi.org/10.1016/j.ibror.2019.10.004.

Kaur, R.; Singh, J.; Tripathi, S. Incorporation of inorganic nanoparticles into an organic polymer matrix for
data storage application. Current Applied Physics 2017, 17, 756-762,
https://doi.org/10.1016/j.cap.2017.02.011.

Fukui, H. Application 1 - Development of New Cosmetics Based on Nanoparticles. In Nanoparticle
Technology Handbook (Third Edition), Naito, M., Yokoyama, T., Hosokawa, K., Nogi, K., Eds.; Elsevier:
2018; pp. 399-405.

Elkordy, A.A.; Haj-Ahmad, R.R.; Awaad, A.S.; Zaki, R.M. An overview on natural product drug
formulations from conventional medicines to nanomedicines: Past, present and future. Journal of Drug
Delivery Science and Technology 2021, 63, 102459, https://doi.org/10.1016/j.jddst.2021.102459.

Gaikwad, A.; Ahire, K.; Gosavi, A.; Salunkhe, K. Phytosome as a Novel Drug Delivery System for
Bioavailability Enhancement of Phytoconstituents and its Applications: A Review. Journal of Drug Delivery
and Therapeutics 2021, 11, 138-152, https://doi.org/10.22270/jddt.v11i3.4847.

Teja, P.K.; Mithiya, J.; Kate, A.S.; Bairwa, K.; Chauthe, S.K. Herbal nanomedicines: Recent advancements,
challenges, opportunities  and regulatory  overview. Phytomedicine 2021, 153890,
https://doi.org/10.1016/j.phymed.2021.153890.

Nayak, A.K.; Hasnain, M.S.; Dhara, A.K.; Pal, D. Plant polysaccharides in pharmaceutical applications. In
Bioactive Natural Products for Pharmaceutical Applications; Springer: 2021; pp. 93-125,
https://doi.org/10.1007/978-3-030-54027-2_3.

Jain, N.; Gupta, B.P.; Thakur, N.; Jain, R.; Banweer, J.; Jain, D.K_; Jain, S. Phytosome: a novel drug delivery
system for herbal medicine. International Journal of Pharmaceutical Sciences and Drug Research 2010, 2,
224-228.

Reddy, C.K.; Agarwal, R.K.; Shah, M.A.; Suriya, M. Chapter 4 - Encapsulation techniques for plant extracts.
In Plant Extracts: Applications in the Food Industry, Mir, S.A., Manickavasagan, A., Shah, M.A,, Eds.;
Academic Press: 2022; pp. 75-88, https://doi.org/10.1016/B978-0-12-822475-5.00008-9.

Jahangir, M.; Taleuzzaman, M.; Beg, S.; Verma, S.; Gilani, S.; Alam, P. A Review of Eugenol-based
Nanomedicine: Recent Advancements. Current Bioactive Compounds 2020, 16,
https://doi.org/10.2174/1573407216999200525145633.

Silva, N.; Barbosa, L.; Seito, L.; Fernandes Junior, A. Antimicrobial activity and phytochemical analysis of
crude extracts and essential oils from medicinal plants. Natural product research 2012, 26, 1510-1514,
https://doi.org/10.1080/14786419.2011.564582.

Khwaldeh, A.; Shraideh, Z.; Badran, D.; Alzbeede, A.; Farajallah, M.; AlQattan, D. Ameliorative Effect of
Turmeric and Cocoa Extract against Acute Second hand Exposure of Tobacco Smoking on Hepatocytes and
Enterocytes in Albino Rats; Ultrastructural Study. Biomedical and Pharmacology Journal 2021, 14, 199-206,
https://dx.doi.org/10.13005/bpj/2114.

Banu, K.S.; Cathrine, L. General techniques involved in phytochemical analysis. International Journal of
Advanced Research in Chemical Science 2015, 2, 25-32.

Kujur, R.; Singh, V.; Ram, M.; Yadava, H.N.; Singh, K.; Kumari, S.; Roy, B. Antidiabetic activity and
phytochemical screening of crude extract of Stevia rebaudiana in alloxan-induced diabetic rats.
Pharmacognosy research 2010, 2, 258, https://doi.org/10.4103/0974-8490.69128.

https://biointerfaceresearch.com/ 12 of 14


https://doi.org/10.33263/BRIAC133.207
https://doi.org/10.1080/10496475.2021.1891173
https://doi.org/10.2174/0929867325666181001112226
https://doi.org/10.1002/cbf.3667
https://doi.org/10.1016/j.jep.2012.01.027
https://doi.org/10.1016/j.ibror.2019.10.004
https://doi.org/10.1016/j.cap.2017.02.011
https://doi.org/10.1016/j.jddst.2021.102459
https://doi.org/10.22270/jddt.v11i3.4847
https://doi.org/10.1016/j.phymed.2021.153890
https://doi.org/10.1007/978-3-030-54027-2_3
https://doi.org/10.1016/B978-0-12-822475-5.00008-9
https://doi.org/10.2174/1573407216999200525145633
https://doi.org/10.1080/14786419.2011.564582
https://dx.doi.org/10.13005/bpj/2114
https://doi.org/10.4103/0974-8490.69128

https://doi.org/10.33263/BRIAC133.207

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Khleifat, K.; Abboud, M.; Al-Shamayleh, W.; Jiries, A.; Tarawneh, K. Effect of chlorination treatment on
gram negative bacterial composition of recycled wastewater. Pakistan Journal of Biological Sciences 2006,
9, 1660-1668, https://doi.org/10.3923/pjbs.2006.1660.1668.

Kumar, P.V.; Jatoth, K.; Priya, A.S.; Mangilal, T. Phytochemical and Pharmacological Screening of
Caesalpinia Bonduc. International Journal 2015, 4, 136-141.

Tadesse, G.; Reneela, P.; Dekebo, A. Isolation and characterization of natural products from Helinus
mystachnus (Rhamnaceae). Journal of Chemical and Pharmaceutical Research 2012, 4, 1756-1762.
Algaraleh, M.; Kasabri, V.; Al-Majali, I.; Aljaafreh, A.; Al-Othman, N.; Khleifat, K.; Al-Tawarah, N.M;
Qaralleh, H.; Khwaldeh, A.S.; Alalawi, S. Branched chain amino Acids as in vitro and in vivo Anti-Oxidation
Compounds. Research  Journal of Pharmacy and Technology 2021, 14, 3899-3904,
https://doi.org/10.52711/0974-360X.2021.00677.

Karimi, N.; Ghanbarzadeh, B.; Hamishehkar, H.; Pezeshki, A.; Mostafayi, H.; Gholian, M.M. Phytosome as
novel delivery system for nutraceutical materials. Int J Curr Microbiol App Sci 2015, 4, 152-159.

Arora, S.; Sharma, A.; Kaur, P. Preparation and Characterization of Phytosomal-Phospholipid Complex of P.
Amarus and its Tablet Formulation. Journal of Pharmaceutical Technology, Research and Management
2013, 1, 1-18, https://doi.org/10.15415/jptrm.2013.11001.

Algaraleh, M.; Kasabri, V.; Farha, R.A.; Naffa, R.G.; Yousef, |.; Aljaafreh, A. Branched amino acids as
potential biomarkers in metabolic syndrome patients and as hypolipidemic compounds. EurAsian Journal of
BioSciences 2019, 13, 2233-2241, https://doi.org/10.1097/MC0.0000000000000235.

Ghasemi, A.; Khalifi, S.; Jedi, S. Streptozotocin-nicotinamide-induced rat model of type 2 diabetes. Acta
Physiologica Hungarica 2014, 101, 408-420, http://doi.org/10.1556/APhysiol.101.2014.4.2.

Harborne, J.B.; Williams, C.A. Advances in flavonoid research since 1992. Phytochemistry 2000, 55, 481-
504, https://doi.org/10.1016/s0031-9422(00)00235-1.

Mutha, R.E.; Tatiya, A.U.; Surana, S.J. Flavonoids as natural phenolic compounds and their role in
therapeutics: an overview. Future journal of pharmaceutical sciences 2021, 7, 1-13,
https://doi.org/10.1186/s43094-020-00161-8.

Ziemlewska, A.; Zagdrska-Dziok, M.; Niziot-Lukaszewska, Z. Assessment of cytotoxicity and antioxidant
properties of berry leaves as by-products with potential application in cosmetic and pharmaceutical products.
Scientific Reports 2021, 11, 1-14, https://doi.org/10.1038/s41598-021-82207-2.

Khleifat, K.; Abboud, M. M. Correlation between bacterial haemoglobin gene (vgb) and aeration: their effect
on the growth and a-amylase activity in transformed Enterobacter aerogenes. Journal of applied
microbiology 2003, 94 (6), 1052-1058, https://doi.org/10.1046/j.1365-2672.2003.01939.x.

Pulipati, S.; Babu, P.S.; Naveena, U.; Parveen, S.R.; Nausheen, S.S.; Sai, M.T.N. Determination of total
phenolic, tannin, flavonoid contents and evaluation of antioxidant property of Amaranthus tricolor (L).
International Journal of Pharmacognosy and Phytochemical Research 2017, 9, 814-819,
https://doi.org/10.25258/phyt0.v9i6.8184.

Lahcen, S.A.; El Hattabi, L.; Benkaddour, R.; Chahboun, N.; Ghanmi, M.; Satrani, B.; Tabyaoui, M.; Zarrouk,
A. Chemical composition, antioxidant, antimicrobial and antifungal activity of Moroccan Cistus creticus
leaves. Chemical Data Collections 2020, 26, 100346, https://doi.org/10.1016/j.cdc.2020.100346.

Uddin, M.S.; Hossain, M.S.; Al Mamun, A.; Tewari, D.; Asaduzzaman, M.; Islam, M.S.; Abdel-Daim, M.M.
Phytochemical analysis and antioxidant profile of methanolic extract of seed, pulp and peel of Baccaurea
ramiflora  Lour. Asian  Pacific Journal of Tropical Medicine 2018, 11, 443,
https://doi.org/10.4103/19957645.237189.

Adebiyi, O.E.; Olayemi, F.O.; Ning-Hua, T.; Guang-Zhi, Z. In vitro antioxidant activity, total phenolic and
flavonoid contents of ethanol extract of stem and leaf of Grewia carpinifolia. Beni-Suef University Journal of
Basic and Applied Sciences 2017, 6, 10-14, https://doi.org/10.1016/j.bjbas.2016.12.003.

Huang, C.-Y.; Ju, D.-T.; Chang, C.-F.; Reddy, P.M.; Velmurugan, B.K. A review on the effects of current
chemotherapy drugs and natural agents in treating non-small cell lung cancer. Biomedicine 2017, 7,
https://doi.org/10.1051/bmdcn/2017070423.

Masiello, P.; Broca, C.; Gross, R.; Roye, M.; Manteghetti, M.; Hillaire-Buys, D.; Novelli, M.; Ribes, G.
Experimental NIDDM: development of a new model in adult rats administered streptozotocin and
nicotinamide. Diabetes 1998, 47, 224-229, https://doi.org/10.2337/diab.47.2.224.

Jiang, Z.-j.; XU, S.-q.; Xing, Y.; HU, X.-m.; PAN, H.-y. Effects of flavonoids in Morus indica on blood lipids
and glucose in hyperlipidemia-diabetic rats. Chinese Herbal Medicines 2012, 4, 314-318,
https://doi.org/10.3969/j.issn.1674-6348.2012.04.008.

https://biointerfaceresearch.com/ 13 of 14


https://doi.org/10.33263/BRIAC133.207
https://doi.org/10.3923/pjbs.2006.1660.1668
https://doi.org/10.52711/0974-360X.2021.00677
https://doi.org/10.15415/jptrm.2013.11001
https://doi.org/10.1097/MCO.0000000000000235
http://doi.org/10.1556/APhysiol.101.2014.4.2
https://doi.org/10.1016/s0031-9422(00)00235-1
https://doi.org/10.1186/s43094-020-00161-8
https://doi.org/10.1038/s41598-021-82207-2
https://doi.org/10.1046/j.1365-2672.2003.01939.x
https://doi.org/10.25258/phyto.v9i6.8184
https://doi.org/10.1016/j.cdc.2020.100346
https://doi.org/10.4103/19957645.237189
https://doi.org/10.1016/j.bjbas.2016.12.003
https://doi.org/10.1051/bmdcn/2017070423
https://doi.org/10.2337/diab.47.2.224
https://doi.org/10.3969/j.issn.1674-6348.2012.04.008

https://doi.org/10.33263/BRIAC133.207

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Najafian, M.; Ebrahim-Habibi, A.; Yaghmaei, P.; Parivar, K.; Larijani, B. Core structure of flavonoids
precursor as an antihyperglycemic and antihyperlipidemic agent: an in vivo study in rats. Acta biochimica
polonica 2010, 57, https://doi.org/10.18388/abp.2010_2443.

Hamden, K.; Jaouadi, B.; Salami, T.; Carreau, S.; Bejar, S.; Elfeki, A. Modulatory effect of fenugreek
saponins on the activities of intestinal and hepatic disaccharidase and glycogen and liver function of diabetic
rats. Biotechnology and Bioprocess engineering 2010, 15, 745-753, https://doi.org/10.1007/s12257-009-
3159-0.

Yin, Z.; Zhang, W.; Feng, F.; Zhang, Y.; Kang, W. a-Glucosidase inhibitors isolated from medicinal plants.
Food Science and Human Wellness 2014, 3, 136-174, https://doi.org/10.1016/j.fshw.2014.11.003.

O'Neill, S.; Bohl, M.; Gregersen, S.; Hermansen, K.; O'Driscoll, L. Blood-based biomarkers for metabolic
syndrome. Trends in Endocrinology & Metabolism 2016, 217, 363-374,
https://doi.org/10.1016/j.tem.2016.03.012.

Algaraleh, M.; Kasabri, V.; Al-Othman, N. Evaluation of Pancreatic and Extra Pancreatic Effects of Branched
Amino Acids. Romanian Journal of Diabetes Nutrition and Metabolic Diseases 2019, 26, 199-209,
https://doi.org/10.2478/rjdnmd-2019-0021.

Wilding, J. The importance of weight management in type 2 diabetes mellitus. International journal of
clinical practice 2014, 68, 682-691, https://doi.org/10.1111/ijcp.12384.

Xie, W.; Wang, W.; Su, H.; Xing, D.; Cai, G.; Du, L. Hypolipidemic mechanisms of Ananas comosus L.
leaves in mice: different from fibrates but similar to statins. Journal of pharmacological sciences 2007, 103,
267-274, https://doi.org/10.1254/jphs.fp0061244.

Oh, P.-S.; Lee, S.-J.; Lim, K.-T. Hypolipidemic and antioxidative effects of the plant glycoprotein (36 kDa)
from Rhus verniciflua stokes fruit in Triton WR-1339-induced hyperlipidemic mice. Bioscience,
biotechnology, and biochemistry 2006, 70, 447-456, https://doi.org/10.1271/bbb.70.447.

Kumar, S.A.; Sudhahar, V.; Varalakshmi, P. Protective role of eicosapentaenoate-lipoate (EPA-LA)
derivative in combating oxidative hepatocellular injury in hypercholesterolemic atherogenesis.
Atherosclerosis 2006, 189, 115-122, https://doi.org/10.1016/j.atherosclerosis.2005.11.037.

Lin, Y.; Vermeer, M.A.; Trautwein, E.A. Triterpenic acids present in hawthorn lower plasma cholesterol by
inhibiting intestinal ACAT activity in hamsters. Evidence-Based Complementary and Alternative Medicine
2011, 2011, https://doi.org/10.1093/ecam/nep007.

Itoh, M.; Hiwatashi, K.; Abe, Y.; Kimura, F.; Toshima, G.; Takahashi, J.; Sasaki, H.; Hata, K. Lupeol reduces
triglyceride and cholesterol synthesis in human hepatoma cells. Phytochemistry Letters 2009, 2, 176-178,
https://doi.org/10.1016/j.phytol.2009.06.001.

Zhang, J.; Liu, F. Tissue-specific insulin signaling in the regulation of metabolism and aging. IUBMB life
2014, 66, 485-495, https://doi.org/10.1002/iub.1293.

Salhanick, A.l.; Schwartz, S.1.; Amatruda, J.M. Insulin inhibits apolipoprotein B secretion in isolated human
hepatocytes. Metabolism 1991, 40, 275-279, https://doi.org/10.1016/0026-0495(91)90109-a.

Malmstrom, R.; Packard, C.J.; Caslake, M.; Bedford, D.; Stewart, P.; Yki-Jarvinen, H.; Shepherd, J.;
Taskinen, M.-R. Effects of insulin and acipimox on VLDL1 and VLDL2 apolipoprotein B production in
normal subjects. Diabetes 1998, 47, 779-787, http://doi.org/10.2337/diabetes.47.5.779.

David, S.; Paul, Z. Diabetes and hyperlipidemia: A direct quantitative analysis—A direct analysis of the
effects of insulin resistance on lipid levels in relation to atherosclerotic coronary artery disease. World Journal
of Cardiovascular Diseases 2011, 2012, https://doi.org/10.4236/wjcd.2012.21004.

https://biointerfaceresearch.com/ 14 of 14


https://doi.org/10.33263/BRIAC133.207
https://doi.org/10.18388/abp.2010_2443
https://doi.org/10.1007/s12257-009-3159-0
https://doi.org/10.1007/s12257-009-3159-0
https://doi.org/10.1016/j.fshw.2014.11.003
https://doi.org/10.1016/j.tem.2016.03.012
https://doi.org/10.2478/rjdnmd-2019-0021
https://doi.org/10.1111/ijcp.12384
https://doi.org/10.1254/jphs.fp0061244
https://doi.org/10.1271/bbb.70.447
https://doi.org/10.1016/j.atherosclerosis.2005.11.037
https://doi.org/10.1093/ecam/nep007
https://doi.org/10.1016/j.phytol.2009.06.001
https://doi.org/10.1002/iub.1293
https://doi.org/10.1016/0026-0495(91)90109-a
http://doi.org/10.2337/diabetes.47.5.779
https://doi.org/10.4236/wjcd.2012.21004

