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Abstract
Hypercholesterolemia is correlated with cardiovascular diseases. The search for effective alternatives for lipid-lowering 
drugs is continuous. We investigated the hypocholesterolemic activity of Bassia muricata methanolic extract (BMME) in 
a model of hyperlipidemia. B. muricata was extracted with methanol. Male rats were randomly divided into six groups: 
normal control group (G1) was fed normal diet, negative control group (G2) was fed high cholesterol and fat diet (HCFD), 
positive control group (G3) was fed HCFD and treated with atorvastatin (20 mg/kg), a fourth, fifth and sixth groups (G4, 
G5, and G6) were fed HCFD and treated with 10, 30 and 100 mg/Kg of BMME, respectively. All rat groups received, for 
4 weeks, the appropriate daily dose after initial two weeks of feeding normal diet or HCFD. Body weight, lipid profile, 
serum glucose, liver enzymes were measured weekly. HCFD caused an increased total cholesterol (TC), low-density lipo-
protein cholesterol (LDL-C), and glucose, decreased triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C), 
and blunted the normal gain of body weight. BMME doses restored the normal gain of body weight, caused significant 
decrease in serum TC, LDL-C, and increased HDL-C when compared to G2. 10 mg/kg and 30 mg/kg of BMME failed 
to induce any change in alkaline phosphatase whereas 100 mg/Kg of BMME caused a significant increase in alanine 
transaminase. 10 mg/kg and 30 mg/kg of BMME significantly decreased serum glucose whereas 100 mg/kg BMME 
significantly increased it. BMME had significant hypocholesterolemic effect and 100 mg/kg BMME increased alanine 
transaminase, TG and glucose in rats.
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1  Introduction

Hypercholesterolemia is characterized by increased serum 
total cholesterol, due to elevated levels of lipoproteins 
such as low-density lipoprotein cholesterol (LDL-C) and 
decreased concentrations of high-density lipoprotein 
cholesterol (HDL-C) [1]. It is considered a major risk factor 
in the development of cardiovascular diseases, leading to 
major health problems and may be death [2]. Many people 
could not successfully control their blood cholesterol by 
altering their lifestyles (e.g., smoking cessation, limiting 
alcohol consumption, increasing physical activity or con-
trolling their diet) [3]. Drugs marketed to reduce hyper-
lipidemia include statins, ezetimibe, bile resins, fibrates 
and nicotinic acid [4]. Statins are the first-line drugs for 
LDL reduction since they inhibit the rate-limiting enzyme 
3-hydroxy-3-methylglutaryl coenzyme-A reductase in the 
metabolic pathway of cholesterol biosynthesis, reduce the 
downstream by-products (e.g., mevalonate), and lead to 
up-regulation of LDL receptors, thus lowering the inci-
dence of cardiovascular events [5]. The use of statin drugs 
is complicated by adverse effects such as myopathy, myal-
gia and myositis [6], elevated profile of hepatic enzymes 
[7], increased risk of memory impairment or loss [8] and 
can even be fatal as caused by rhabdomyolysis [9].

On the other hand, plants are indispensable source of 
chemical compounds that can be used for pharmaceuti-
cal purposes. Yet, researchers in the field encounter many 
challenges while obtaining the potential natural products. 

These challenges have been reviewed extensively by Atan-
asov, et al. [10]. In Jordan, about 363 medicinal plants are 
used by traditional therapists and all these have many 
pharmacological applications [11]. Bassia muricata, an 
annual plant that belongs to the Chenopodiaceae fam-
ily, is widely distributed in the Arabian countries, and is 
considered an important plant in traditional medicine 
to be used for analgesia, and as antipyretic, anti-inflam-
matory, antispasmodic as well as diuretic [12]. It was also 
reported to treat kidney problems, rheumatic diseases, 
and to lower blood pressure [13, 14]. Moreover, different 
biological activities including antioxidant, antibacterial 
[15] and insecticidal activities were also reported for this 
species [16].

Chemically, B. muricata has been shown to contain 
triterpenoidal saponins, tannins, sterols, phenolics (cou-
marin, p-coumaric acid, gallic acid, p-catechuic acid, sali-
cylic acid, ferulic acid), flavan-3-ol(catechum), flavonoids 
(kaempferol, kaempferol-3-O-α-L-rhamnoside, rutin, myri-
cetin, qurcetin-3-O-α-L-rhamnoside, qurcetin-3-O-β-D-
glucoside, 3′-methylquerctein, 3-O-[α-L-arabinopyranosyl-
(1→2)-L-α-arabinopyranosyl)]-3′-methylquercetin), 
flavonoid glycosides (quercetin-3-O-sophoroside, 
quercetin-3,7-O-β-diglucopyranoside) and two acety-
lated flavonoid glycosides (caffeoyl and feruloyl) [14, 16, 
17]. Thus, quercetin had the maximum value among fla-
vonoid compounds in B. muricata [17]. The essential oil 
of the aerial parts of B. muricata was characterized by its 
high content of terpenoids like sesquiterpenes (58.2%), 
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monoterpenes (9.8%) and diterpenes (1.2%) as well as 
significant amounts of aromatic compounds (21.9%) and 
5 hydrocarbons (8.9%) [18]. Flavonoids have a wide spec-
trum of biological activities, including hypolipidemic and 
antioxidant properties [19]. In this study, we used metha-
nol to extract the flavonoid-rich fraction of the whole plant 
material of B. muricata and we investigated the potential 
hypolipidemic effect of B. muricata methanolic extract 
(BMME) on rats fed a high cholesterol and fat diet.

2 � Material and method

2.1 � Plant material collection

Supplementary Fig.  1 shows the whole plant material 
(leaves, stem, flowers, fruits and roots) of B. muricata 
which was collected from Wadi Araba on February 2021 
(0,731,569 E, 3,418,064 N), altitude (−59 m). The plant was 
authentically identified by a plant taxonomist. Voucher 
specimens were deposited at the Herbarium of the 
Department of Biological Sciences and at the Royal Soci-
ety for the Conservation of Nature (Reference Nos. 137171 
and 30,299, respectively).

2.2 � Preparation and extraction procedures

The leaves, stems, flowers, and fruits of B. muricata were 
dried at 23 °C for 7 weeks and ground into a powder using 
electric mill (Ambar group l.l.c, Beirut- Leabnon).

The powder (3 kg) was infused in 20 L of methanol for 
one week to obtain BMME. The process was repeated cou-
ple of times on the same plant sample. BMME was col-
lected and filtered using Whatman filter paper No. 3, then 
concentrated using a Heidolph rotary evaporator (Lab-
orota 4001, Heidolph, Schwabach, Germany) at a tempera-
ture of 45 °C for 48 h.The stock extract was refrigerated and 
protected from light until used.

2.3 � Determination of total phenol content (TPC)

Folin-Ciocalteu method was used to calculate the TPC of 
BMME [20]. In brief, 500 µL of BMME or gallic acid standard 
at different concentrations (10, 20, 50, 100, 150, 200, 250 
and 300 µg/mL; Supplementary Fig. 2A) were mixed with 
2.5 mL of diluted Folin-Ciocalteu reagent, then 2.5 mL of 
Na2CO3 solution was added, vortexed for a minute, then 
incubated for 20 min at 25°C and the absorbance was read 
at 760 nm using a spectrophotometer (Biotech Engineer-
ing Management CO. Ltd, U.K.) against the blank. TPC was 

reported as milligrams of gallic acid equivalent (GAE/g of 
extract) according to Shewale and Rathod [21].

2.4 � Determination of total flavonoid content (TFC)

TFC of BMME was measured [22]. In brief, 500 µL of BMME 
or quercetin standard at different concentrations (10, 20, 
50, 100, 150, 200, 250 and 300 µg/mL; Supplementary 
Fig. 2B) were mixed with 1.5 mL of distilled water, then 
100  µL of 1  M sodium acetate was added and mixed. 
100 µL of 10% aluminum chloride solution was added, 
diluted by addition of 2.8 mL of distilled water and vor-
texed for a minute. The reaction continued by incubation 
at room temperature for 30 min in the dark. The absorb-
ance of the solution was read at 415 nm using a spectro-
photometer against the blank. TFC was expressed as mg 
quercetin (QE/g of extract) according to the following 
equation [22].

where TFC: Total flavonoid content (mg QE/g extract).
C: Concentration of quercetin established from the cali-

bration curve (mg/mL).
V: Volume of extract solution (mL).
M: Mass of the extract (g).

2.5 � The high cholesterol and fat diet (HCFD)

The HCFD is composed of a standard rat chow (ND) to 
which we added 2% pure cholesterol powder, 1% cholic 
acid, 20% fat (animal source) and 2% corn oil [23]. The 
components were added gradually to the normal diet 
(ND), fully mixed until homogenous, formed into a dough 
with the addition of 1L distilled water, rolled and cut into 
small pellets which was allowed to dry for 2–3 days at 

TFC = (C × V ) ÷M

Table 1   Composition of diets used (g/100 g of diet)

Component Normal diet (ND) High cholesterol 
and fat diet 
(HCFD)

Crude fat 4.23 3.17
Crude protein 16.51 12.38
Crude fiber 6.31 4.73
Carbohydrates 58.10 43.57
Moisture 8.63 6.47
Total ash 5.67 4.25
Animal fat 0 20
Corn oil 0 2
Cholic acid 0 1
Cholesterol 0 2
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room temperature [24]. The HCFD was prepared weekly 
and was stored at −20 °C until use to protect against oxida-
tion [25]. Two types of rat diets were analyzed in the Feed 
Laboratory at the School of Agriculture, The University of 
Jordan (Table 1).

2.6 � Animals

Adult male Sprague Dawley (SD) rats (n = 64) weighing 
150–200 gm were used for the experiments. Rats were 
kept for one week to adapt to the laboratory environment, 
each four rats were housed in one cage. Rats were then 
divided randomly into six groups:

•	 Group 1 (G1), a normal control group, included 10 rats 
that were fed a ND and treated with 0.9% NaCl solution.

•	 Group 2 (G2), a negative control group, included 10 rats 
that served as a hypercholesterolemic control and were 
fed HCFD and treated with 0.9% NaCl solution.

•	 Group 3 (G3) served as positive control and included 11 
rats that were fed HCFD and treated with the reference 
hypolipidemic drug atorvastatin (20 mg/kg b.w.).

•	 Group 4 (G4) included 11 rats that were fed HCFD and 
treated with 10 mg/kg b.w. of BMME.

•	 Group 5 (G5) included11 rats that were fed HCFD and 
treated with 30 mg/kg b.w. of BMME.

•	 Group 6 (G6) included 11 rats that were fed HCFD and 
treated with 100 mg/kg b.w. of BMME.

All rats received the proper dose (dissolved in 0.9% 
NaCl solution) daily in a volume of 1 mL orally during the 
last four weeks of the experiment according to the proto-
col shown in Supplementary Fig. 3. The choice of doses 
was determined based on a preliminary experiments in 
our laboratory and were chosen to distribute evenly on a 
logathimic scale.

2.7 � Blood sample collection

Animals were fasted overnight. Blood was drawn from 
the retro-orbital plexus and collected in plain capillary 
tubes at 0, 2, 3, 4, 5 and 6 weeks. Blood was allowed to 
clot for 1 h. at room temperature, then centrifuged at a 
speed of 3000 rpm for 10 min (Heraeus Labofuge, model 
I HC122, Germany). Serum was separated and stored in 
1 mL Eppendorf tubes (Citotest Labware Manufacturing 
Co., Ltd, China) at −20 °C for measurement of biochemical 
parameters [26].

2.8 � Biochemical analyses

2.8.1 � Estimation of lipid profile

Serum total cholesterol (TC), triglycerides (TG) and high-
density lipoprotein cholesterol (HDL-C) levels were meas-
ured enzymatically using available assay kits. In brief, enzy-
matic colorimetric determination of TC was performed 
following the routine reactions of cholesterol esterase, 
cholesterol oxidase, and peroxidase according to the 
manufacturer’s instructions (Agappe, Switzerland). The red 
quinone product was measured by a spectrophotometer 
(UV 190–1000 nm-scanning, Biotech Engineering Manage-
ment Co. Ltd, UK) at a wavelength of 505 nm. Similarly, 
the colored product from TG reactions was measured at 
546 nm, and that of HDL was measured at 505 nm after 
precipitation of chylomicrons, VLDL, and LDL-C with pho-
totungstic acid and magnesium ions followed by centrifu-
gation. Low-density lipoprotein cholesterol (LDL-C) was 
calculated using the equations LDL = TC- (HDL + VLDL), 
whereas VLDL was calculated as TG/5 [27].

2.8.2 � Liver functions test

Activities of alanine transaminase (ALT), aspartate ami-
notransferase (AST) and alkaline phosphatase (ALP) 
were measured enzymatically in the serum sample using 
assay kits according to their manufacturers’ instructions 
(Agappe, Switzerland). The colored products resulting 
from these routine reactions were measured at wave-
lengths of 340 nm for ALT and AST, and at 405 nm for ALP.

2.8.3 � Serum glucose measurement

Glucose level in serum was determined using glucose 
assay kit following the routine glucose oxidase and per-
oxidase reactions according to the manufacturer’s instruc-
tions (Human Diagnostic Worldwide, Germany). The 
colored prduct was measured spectrophotometrically 
(UV 190–1000 nm-scanning, Biotech Engineering Manage-
ment Co. Ltd, UK) at a wavelength of 500 nm.

2.8.4 � Body weight

Rats were weighed before the experiment once a week till 
the end of the experiment.

2.8.5 � Ethical approval

Guidelines for the care and use of animals at The Univer-
sity of Jordan were followed. All experimental protocols 
were approved by the Graduate Studies and Research 
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Committee of the School of Science at the University of 
Jordan, Amman, Jordan. An Institutional Review Board 
(IRB) approval (#113/2021, dated 23/11/2021) was 
obtained.

2.9 � Statistical analysis

Data are presented as means ± SEM. Statistical analysis 
was performed using GraphPad Prism software version 
9.1.2 and differences were screened by one-way ANOVA 
followed by Fisher’s LSD test. Differences were considered 
significant when P < 0.05.

3 � Results

3.1 � Plant extract yield

The yield of methanolic extract of B. muricata dry weights 
was calculated [28] as:

BMME gave a yield of 13.6% and was of tarry color.

3.2 � Total phenolic and total flavonoid content

TPC was 199.2 ± 2.0  mg GAE/g extract and TFC was 
159.6 ± 1.6 mg QE/g extract.

3.3 � Effect of BMME on body weight

Figure 1A shows changes in body weight of rat groups 
over a period of 6 weeks. All animal groups started with 
approximately similar body weight. Groups 2–6 that were 
fed HFCD, however, did not gain weight at the same rate 
as rats fed the normal diet (p < 0.001). HCFD consumption 
for six weeks decreased the gain (p < 0.001) in body weight 
begining with week 1 as compared to group 1 that was 
fed the normal diet. Groups 4–6 that received different 
doses of BMME regained weight only by the sixth week. 
The increase in weight in these latter groups was signifi-
cant when compared to that in group 2. Although group 
3 that received atorvastatin gained some weight but their 
weight was still significantly lower than that of the normal 
control group (group 1) and it was not different from that 
of group 2.

3.4 � Effect of BMME on hypercholesterolemia rats

Figure  1B–F shows the effect of three doses of BMME 
(10, 30 and 100 mg/kg) on serum lipid components of 

Yeild % =
Weight of extract (g)

Weight of dry sample (g)
× 100

hypercholesterolemic rats. TC and LDL were of similar 
values (p > 0.05) in all experimental animals at the start of 
the experiment (week 0). After two weeks, groups 2–6 that 
received an HCFD showed significantly (p < 0.001) higher 
values of TC and LDL compared to group 1 that was fed the 
normal diet. TC and LDL exhibited significant decrease by 
the fifth week (p < 0.001, p < 0.0001, respectively) in the ani-
mal groups that received BMME (groups 4–6), and in group 
3 that received atorvastatin, by the fourth week (Fig. 1B, C) 
when compared to group 2. In Fig. 1D, E, and F, the levels 
of HDL, TG and VLDL were statistically similar (p > 0.05) in 
all experimental groups at the start of the experiment. Two 
weeks of HCFD consumption, the levels of HDL, TG and 
VLDL decreased significantly in groups (2–6) (p < 0.001, 
p < 0.0001, p < 0.0001, respectively) begining with week 2, 
compared to G1. In week 5, HDL increased gradually in the 
animal groups that received BMME (groups 4–6), and the 
increase was significant in week 6. By the sixth week (the 
fourth week of BMME administration), TG and VLDL values 
started to increase significantly (p < 0.04) in group 6 that 
received 100 mg/kg of BMME.

3.5 � Effect of BMME on serum glucose

Figure 2 shows serum glucose levels in animal groups over 
the six-week period of experiment. On day zero, serum glu-
cose values were within the normal range for all groups 
and no significant differences were detected. HCFD con-
sumption for six weeks caused serum glucose level to 
increase gradually beginning with week 3 compared to 
the group fed the normal diet (G1). By the sixth week, glu-
cose began to fall significantly in the animal groups that 
received the smaller doses of BMME (groups 4 and 5), as 
well as in group 3 that received atorvastatin. Interestingly, 
glucose level increased significantly (p < 0.0001) in group 6 
that received 100 mg/kg of BMME during the sixth week.

3.6 � Effect of BMME on the activity of hepatic 
marker enzymes

Figure 3 shows the activity of hepatic marker enzymes 
in week 6 of the experiment. HCFD consumption for six 
weeks significantly increased (p < 0.0001) ALT and ALP 
activity in rat groups fed a HFCD compared to the nor-
mal diet group (G1). For AST, a significant increase was 
observed in G2, G4 and G6 whereas G3 and G5 showed 
an increase although it did not reach the statistical level 
(P values for the 2 groups were 0.1613 and 0.0794, respec-
tively). BMME did not induce any significant decrease in 
the levels of ALT, AST, or ALP levels. In fact, the highest 
concentration of BMME caused a significant increase in 
ALT (Fig. 3A).
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4 � Discussion

HCFD-fed hyperlipidemic rat model was reported as a rea-
sonably good model for testing antihyperlipidemic drugs 
in vivo [23, 29]. Inducing hyperlipidemia in rats requires 
HCFD because rats are generally hypo-responsive to 
dietary cholesterol [30]. The diet must also contain cholic 
acid to induce hypercholesterolemia without which HCFD 
would not be effective in increasing the total cholesterol in 
rats [30]. Cholic acid enhances cholesterol absorption and 
reduces cholesterol excretion because of its emulsifying 
property. It also exerts an inhibitory action on hepatic cho-
lesterol 7-α hydroxylase activity, an important enzyme for 
the regulation of cholesterol and synthesis of bile acid [31].

Generally, HCFD is a low carbohydrate and a high fat 
diet and is known as ketogenic diet [32]. In the present 
work, a remarkable decrease in the rate of body weight 
gain was observed in hypercholesterolemic rats relative 
to the normal control rats that consumed normal diet. This 
could be attributed to the low carbohydrate and the high 
fat in HCFD and to the energy expenditure increase which 
resulted in weight loss [32]. Alternatively, it could be due 
to anorexia which may lead to reduction in food intake 
[33]. The present data show that BMME administration 
(10, 30 and 100 mg/kg b.w.) to rats fed HCFD could sig-
nificantly restore body weight gain pattern (15.9%, 12.7% 
and 11.4%, respectively) to near normal during the treat-
ment period of 4 weeks. This increase in body weight gain 
may be associated with enhancement of lipid profile and 
antioxidant system.

In the current study, HCFD caused increased TC and LDL 
with accompanying decrease in TG and HDL-C, demon-
strating that the model of hypercholesterolemia in rats was 
established successfully. Previous studies in our laboratory 
using the same feeding protocol showed an increase in 
both TC and LDL-C and a drop in both HDL-C and TG [34]. 
Our results demonstrate that BMME given orally to hyper-
cholesterolemic rats daily for 4 weeks affected significantly 
lipid profile of these animals. All doses of BMME (10, 30, 
and 100 mg/kg) significantly decreased serum TC (58.0%, 
51.8% and 51.3%, respectively) and LDL-C (69.2%, 54.5% 

and 62.8%, respectively). This decrease was of similar 
magnitude to that induced by the reference hypocholes-
terolemic drug atorvastatin (62.7% for TC and 78.5% for 
LDL-C). So, the present experiments confirmed the hypo-
cholesterolemic activity of BMME. On the other hand, 
all doses of BMME (10, 30 and 100 mg/kg) significantly 
increased HDL level (47.7%, 41.8% and 45.9%, respec-
tively). In epidemiological studies, HDL-C levels have an 
inverse relationship to the risk of atherosclerotic cardio-
vascular disease. It has been assumed that this reflects the 
protective function of HDL, which includes its ability to 
promote cholesterol efflux [35].

The total flavonoids content of B. muricata metha-
nolic extract was 159.6 ± 1.6 mg QE/g extract. This was 
confirmed by the data from aluminum chloride col-
orimetric assay. This assay demonstrated that BMME is 
rich in flavonoids. Comparing total flavonoids content 
of B. muricata analysed in this study with B. muricata 
from other countries shows that B. muricata grown in 
Jordan is richer with flavonoids. For example, according 
to the study of Mohammedi, et al. [36] of B. muricata 
from Algeria, total flavonoids content was found to be 
68.85 ± 1.5 mg quercetin equivalents (QE/g) [36]. The 
difference in flavonoid content may be due to the geo-
graphical location and the climate of the plant habitat, 
as there are many plants in Jordan that are rich in flavo-
noids such as Rosmarinus officinalis (481.99 ± 10.30 mg 
QE/100  g), Artemisia herba-alba (402.52 ± 1.13  mg 
QE/100 g), Olea europaea (344.68 ± 3.91 mg QE/100 g), 
Teucrium polium (205.95 ± 1.81 mg QE/100 g), Cleome 
arabica (173.50 ± 2.00) mg QE/g), Hypericum triquetrifo-
lium (171 mg rutin/g) [37–39].

In animal models, using rats, mice and rabbits, many 
experimental studies demonstrated that flavonoids 
reduced TC and increased HDL [40]. These studies and 
others demonstrated that flavonoids prevented the 
occurrence and development of cardiovascular diseases 
through multiple mechanisms and different pathways, 
such as inhibition of oxidative stress, platelet aggrega-
tion, reduction of inflammation and improvement of 
lipid metabolism disorders [41]. The flavonoids’ anti-
hyperlipidemic activity may be attributed to their action 
in lowering lipogenesis and increasing degradation of 
cholesterol [42]. Previous studies reported that flavo-
noids, like quercetin, reduced lipid activities in animals. 
They reduced the expression of SREBP-1 transcription 
factor as well as of its lipogenic target genes and inhib-
ited acetyl-CoA carboxylase activity, which catalyses the 
first committed step in fatty acid biosynthesis [43, 44]. 
Quercetin also inhibited and prevented absorption of 
cholesterol from the intestine and/or its liver synthesis 
and improved cholesterol excretion into faeces [45].

Fig. 1   Effect of BMME on body weight (A), and serum lipid pro-
file (B–F). Group 1 (G1), rats were fed ND and treated with normal 
saline; Group 2 (G2), negative control, rats were fed HCFD and 
treated with normal saline; Group 3 (G3), positive control, rats were 
fed HCFD and treated with 20 mg/kg b.w. of atorvastatin; Group 4 
(G4), rats were fed HCFD and treated with 10 mg/kg b.w. of BMME; 
Group 5 (G5), rats were fed HCFD and treated with 30 mg/kg b.w. of 
BMME; Group 6 (G6), rats were fed HCFD and treated with 100 mg/
kg b.w. of BMME. Data for the first week were not collected. Data 
are expressed as means ± S.E.M. and are analyzed by one-way 
ANOVA followed by Fisher’s LSD test. *Significant when compared 
to the normal control group; ϯ significant when compared to the 
negative control group (G2)

◂
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Our observations showed that TG level in groups fed 
HCFD for 6 weeks was lower than that of the group fed 
the normal diet. This could be explained as due to the 
fact that the normal diet contains a higher amount of 
carbohydrate (33% more) compared to HCFD (Table 1). 
The currently available literature shows that low-car-
bohydrate diets acutely reduce circulating triglyceride 
levels [46]. Moreover, the low- carbohydrate diets were 
reported to be associated with significantly reduced tri-
glyceride levels, body mass index and body weight [47]. 
Consistently, previous studies showed that animals fed 
a high carbohydrate diet exhibited hypertriglyceridemia 
[48], whereas TG level significantly decreased in animals 
that consumed low carbohydrate diet [46]. As VLDL-C is 
calculated as one-fifth of triglyceride level, the low levels 
of triglycerides are associated with decreased VLDL [49]. 
However, TG were not affected by 10 and 30 mg/kg of 
BMME in the present experiments whereas 100 mg/kg 
of BMME reversed the effect of HCFD and increased TG 
levels in serum by 28.5%.

Atorvastatin is a 3-hydroxy-3-methylglutaryl coen-
zyme A reductase inhibitor, inhibiting cholesterol syn-
thesis and reducing serum cholesterol levels [50]. In the 
present work, a dose of 20 mg/kg of atorvastatin caused 
62.7% decrease in serum TC in HCFD-fed rats. Likewise, 
atorvastatin reduced serum LDL-C (78.5%) when com-
pared to the negative control group (G2). Atorvastatin 
also increased HDL-C in serum (67.8%) in the present 
experiments in consistence with other studies that found 
beneficial effect for atorvastatin in increasing HDL-C and 
a reduction of cardiovascular risk [51].

In the current study, HCFD increased serum glucose 
level in rats. Such a ketogenic diet induced hepatic insulin 

Fig. 2   Effect of BMME on serum glucose. Group 1 (G1), rats were 
fed ND and treated with normal saline; Group 2 (G2), negative 
control, rats were fed HCFD and treated with normal saline; Group 
3 (G3), positive control, rats were fed HCFD and treated with 
20  mg/kg b.w. of atorvastatin; Group 4 (G4), rats were fed HCFD 
and treated with 10 mg/kg b.w. of BMME; Group 5 (G5), rats were 
fed HCFD and treated with 30 mg/kg b.w. of BMME; Group 6 (G6), 
rats were fed HCFD and treated with 100  mg/kg b.w. of BMME. 
Data for the first week were not collected. Data are expressed as 
means ± S.E.M. and are analyzed by one-way ANOVA followed by 
Fisher’s LSD test. Data are expressed as means ± S.E.M. and are ana-
lyzed by one-way ANOVA followed by Fisher’s LSD test. *Significant 
when compared to the normal control group; ϯ significant when 
compared to the negative control group

Fig. 3   Effect of BMME on hepatic marker enzymes by the end of 
the sixth week of the experiment. A serum alanine transamines 
(U/L), B serum aspartate aminotransferase (U/L), C serum alkaline 
phosphatase (U/L). Group 1 (G1), rats were fed ND and treated with 
normal saline; Group 2 (G2), negative control, rats were fed HCFD 
and treated with normal saline; Group 3 (G3), positive control, rats 
were fed HCFD and treated with 20  mg/kg b.w. of atorvastatin; 

Group 4 (G4), rats were fed HCFD and treated with 10 mg/kg b.w. of 
BMME; Group 5 (G5), rats were fed HCFD and treated with 30 mg/
kg b.w. of BMME; Group 6 (G6), rats were fed HCFD and treated with 
100 mg/kg b.w. of BMME. Data are expressed as means ± S.E.M. and 
are analyzed by one-way ANOVA followed by Fisher’s LSD test. *Sig-
nificant when compared to the normal control group (G1); ϯ signifi-
cant when compared to the negative control group (G2)



Vol.:(0123456789)

SN Applied Sciences           (2023) 5:101  | https://doi.org/10.1007/s42452-023-05320-z	 Research Article

resistance, and type 2 diabetes [52]. Kosinski and Jornay-
vaz [53], reported that a ketogenic diet impaired insulin 
ability to suppress endogenous glucose production, con-
firming insulin resistance in the liver. Such diet was found 
to cause severe hepatic insulin resistance, and this was 
explained as due to an increased hepatic diacylglycerol 
content. Finally, insulin resistance was also attributed 
to a decreased insulin-stimulated whole-body glucose 
disposal [32]. The current study showed that intragas-
tric administration of 10 mg/kg and 30 mg/kg of BMME 
caused significant decline in the levels of blood glucose 
by the sixth week. This result may be due to the action of 
plant’s saponins and flavonoids that resulted in reduced 
glucose in rats in consistence with the findings of others 
[54]. Meliani et al. [55] reported a hypoglycaemic effect of 
Berberis vulgaris in normal group of rats and in streptozo-
tocin-induced diabetic rats and attributed that to insulin 
release stimulation via saponins which have multiple sites 
of actions on beta cells of pancreas.

The highest dose (100 mg/kg) of BMME used in G6 
had untoward effect on blood glucose since it caused 
significant increase in blood glucose (28.8%) compared 
to group 2 (G2). The reason for this effect remains to be 
explained but the concrete effects may depend on factors 
like flavonoid types, concentration in the extract, and the 
administered dose. In previous studies, a high dose such 
as 100 μmol/L of genistein was found to inhibit insulin 
secretion in rats [56], causing apoptosis in pancreatic islets 
and in beta-cell line, [\*MERGEFORMAT 0] and leading to 
increased blood glucose. Several flavonoids such as pro-
cyanidins, genistein, gallic acid and quercetin modulated 
cell proliferation [57]. BMME is rich in flavonoids which we 
found to equal 159.6 ± 1.6 mg QE/g extract. Accordingly, 
the high content of quercetin in the dose of 100 mg/kg 
may have an inhibitory effect on beta cells in the pancreas, 
resulting in increased level of glucose in rats.

The amount of literature on plants that have insulin 
release inhibitory effect and/or hyperglycaemic effects 
is relatively small [58]. Nevertheless, it is possible to cite 
some reports that reported a hyperglycaemic effect for 
some medicinal plants. The majority of these reports 
attributed the hyperglycaemic effects as due to inhibition 
of insulin release [58]. For example, previous studies indi-
cated that Artocarpus communis root bark aqueous extract 
induced hyperglycaemia in animals and caused significant 
molecular and biochemical changes in the endocrine pan-
creas [59]. On the other hand, the volatile oil of Rosmarinus 
officinalis had hyperglycaemic and calcium antagonistic 
effects and it inhibited insulin release [60].

A ketogenic diet caused hepatic inflammation, hepatic 
steatosis, lipid accumulation and oxidative stress in rats 
liver [61]. Biological markers for fatty liver disease such as 
AST, ALT and ALP were increased by such a diet [62]. This 

is consistent with the finding of the present experiment 
where the ketogenic diet caused increased liver enzymes. 
In the present study, BMME did not decrease the high lev-
els of liver enzymes, suggesting that BMME did not offer 
hepatoprotection in the current setting. To the contrary, 
100 mg/kg of BMME actually increased serum ALT effec-
tively but there was no effect on AST and ALP. The increase 
in serum ALT levels, a more sensitive marker than other 
liver enzymes for liver damage and hepatic insulin sensitiv-
ity, was associated with consequent development of type 
2 diabetes [63].

In general, this study shows that the hypolipidemic 
effect produced by BMME was not dose-dependent since 
a dose of 10 mg/kg was more effective than the dose of 
100 mg/kg of BMME (e.g., in glucose, TG and VLDL param-
eters). A possible reason may be attributed to the toxic-
ity associated with the higher dose of BMME. This dose-
independent activity of BMME could be attributed to the 
“hormesis” dose–response phenomenon, a term intro-
duced by Goldman [64], meaning “the beneficial effect of 
a low-level exposure to an agent that is harmful at high 
levels”. In conclusion, BMME had significant hypocholes-
terolemic effect and the highest dose (100 mg/kg) had 
negative effect on ALT liver enzyme, TG level and glucose 
level in rats.
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