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Retama sphaerocarpa, have been reported to possess various pharmacological properties, including

antioxidant, hepatoprotective, anti-inflammatory, and hypoglycemic activities. However, no study to
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extract (RSAE) in a Triton WR-1339-induced hyperlipidemic rat model. Methodology: The acute
toxicity study of RSAE was conducted in accordance with OECD Guideline 423. RSAE was
administered orally as a single dose of 2000 mg/kg, and the rats were monitored for any signs of toxicity

toxicity.

or mortality. Hematological and biochemical parameters were assessed 24h post-administration of
RSAE. The antidyslipidemic effect of RSAE (400 mg/kg) was studied in Triton WR-1339-induced
dyslipidemia in Wistar albino rats. Results and discussion: Results showed no mortality or clinical
signs of toxicity following RSAE administration; hematological and biochemical parameters remained
unaltered after 24 hours post-treatment. The RSAE demonstrated antioxidant activity (ICso = 241.45
pg/mL). For the lipid-lowering assessment, RSAE pretreatment significantly reduced plasma TC levels
by 51.1% (p<0.01), TGs by 60.2% (p<0.01), and LDL-c by 73.5% (p<0.01), while increasing HDL-c
levels (p<0.01). Conclusion: Results from the present study highlight the potential of Retama
sphaerocarpa in the prevention and management of dyslipidemia.
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INTRODUCTION
Dyslipidemia is a metabolic disorder characterized by elevated

levels of serum total cholesterol (TC), triglycerides (TGs), or
low-density lipoprotein cholesterol (LDL-c), and reduced levels
of high-density (HDL-c) [1]. It
constitutes a major public health problem and is recognized as a
primary risk factor for the development of cardiovascular

lipoprotein  cholesterol

diseases, such as coronary heart disease, ischemic stroke, and
peripheral vascular disease [2], which collectively represent the
leading causes of death worldwide [3]. Epidemiological
estimates suggest that approximately 12 million people in the
world die each year from cardiovascular disease [4].
Conventional lipid-lowering drugs, such as statins, modulate
lipid metabolism through different mechanisms. Despite their
proven efficacy, their use is often associated with numerous
adverse effects [5]. Consequently, the development of lipid-
lowering drugs derived from natural substances has emerged as
a promising alternative and increasingly attractive strategy in the
management of dyslipidemia.

A large number of plants have been employed in traditional
medicine for the prevention and treatment of different
cardiovascular diseases. Furthermore, information from various
ethnobotanical studies indicates that herbal medicines are widely
used to control dyslipidemia [6]. Retama sphaerocarpa (L.)
Boiss (Fabaceae), also called yellow retama, is known in the
south-east of Morocco as "Algou”. It is a leguminous shrub
distinguished by its deciduous leaves and small yellow flowers
appearing between April and May. It is mainly distributed in the
Iberian Peninsula and the Mediterranean region of Northeast
Africa [7]. In traditional medicine, the decoction of the roots of
Retama sphaerocarpa has been used to treat diabetes and
diphtheria [8-9]. Beyond its traditional uses, several scientific
investigations have demonstrated that it possesses cytotoxic and
antimicrobial activities [10,11]. However, despite this growing
ethnobotanical & pharmacological interest, no scientific study
has, to date, explored its antidyslipidemic potential.
Accordingly, this present investigation aimed to assess, for the
first time, the antidyslipidemic activity of the aqueous extract of
Retama  sphaerocarpa on  Triton WR-1339-induced
hyperlipidemia in rats.

MATERIALS AND METHODS
Plant collection and identification

Aerial parts of Retama sphaerocarpa were collected in the
vicinity of Goulmima in the Tafilalet region (Gps:31.736612, -

4.876526) in May 2023, then air-dried at 40 °C. The plant was
taxonomically identified and authenticated by the Department of
Botany, Faculty of Sciences and Techniques, Errachidia, and a
reference specimen was prepared and deposited in the faculty
herbarium under the number RS2.

Preparation of the agqueous extract

1 g of powdered aerial plant material was mixed with 100 mL of
distilled water and boiled for 10 min. The mixture was then
cooled at room temperature for 15 minutes. To remove solid
particles, the solution was filtered through a 0.2 mm Millipore
membrane filter (Millipore, St Quentin en Yvelines, France).
The filtrate was then lyophilized, yielding a dried extract of 6.5%
(w/w) [12]. Based on preliminary dose screening experiments,
the dose of 400 mg/kg of Retama sphaerocarpa aqueous extract
(RSAE) was selected as the optimal effective dose that produced
significant antidyslipidemic activity

Determination of total polyphenol, total flavonoid, and
tannin contents

The total phenolic content of the aqueous extract of Retama
sphaerocarpa was measured as previously described [13]. The
total flavonoid content was determined by the method of Kim et
al. [14], whereas the tannin content was assessed according to
the method of Broadhurst et al. [15].

Evaluation of the anti-free radical activity

The antioxidant potential of RSAE was evaluated by the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging
assay. A DPPH solution (4 mg/100 mL in methanol) was
prepared and kept in the dark for 3 hours. Serial dilutions of
RSAE and the positive control, butylhydroxytoluene (BHT),
were made from stock solutions (5 mg/10 mL) to obtain the
following concentrations: 31.25, 62.5, 125, 250 & 500 pg / mL.
For each concentration, 2.5 mL of sample was mixed with an
equal volume of DPPH solution in a glass tube, stirred, and
incubated at room temperature in the dark for 30 minutes. The
control consisted of 2.5 mL of methanol mixed with 2.5 mL of
DPPH solution. Absorbance was measured at 515 nm using a
UV/Vis spectrophotometer [16].

Experimental animals

Adult albino rats of the Wistar strain, weighing between 120 and
200 grams, were selected for the study. The animals were kept
under controlled laboratory conditions, with temperature
maintained at 23 & 1 °C, relative humidity at 55 + 5%, and a 12-
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hour light/dark cycle. All animals had unrestricted access to
drinking water and were fed a standard laboratory chow diet ad
libitum. All experiments involving animals were conducted in
strict accordance with institutional ethical standards for the care
and wuse of laboratory animals established by the
Pharmacological Research Committee of FSTE, Moulay Ismail
University (FSTE/2015).

Evaluation of acute oral toxicity

The assessment of acute oral toxicity for the aqueous extract of
Retama sphaerocarpa (RSAE) was conducted in accordance
with OECD guideline No. 423 [17]. Adult female rats (weighing
150-250 g), were fasted overnight, weighed before extract
administration, and randomly assigned to two experimental
groups (n=5 per group). The control group received
physiological saline, whereas the treated group was administered
a single oral dose of RSAE at 2000 mg/kg body weight. All rats
were observed for 6 hours following the administration of the
extract, and then once daily for 14 days, to monitor changes in
general behavior, clinical signs of toxicity, and mortality. Body
weights were recorded at baseline (Day 0) and on days 7 and 14.
After 24 hours of fasting, rats were anesthetized, and blood
samples were collected from the retro-orbital sinus to determine
hematological and biochemical parameters.

For hematological analysis, blood is collected in EDTA tubes
and analyzed for red blood cell count (RBC), white blood cell
count (WBC), hemoglobin concentration (Hb), hematocrit value
(HCT), mean corpuscular volume (MCV), mean corpuscular
hemoglobin  (MCH), corpuscular  hemoglobin
concentration (MCHC), and platelet count. Hematological
parameters were measured using an automated hematology
analyzer (Sysmex KX-21, Japan). For the biochemical analysis,
serum was used to determine the following parameters: blood
urea, blood creatinine, alanine aminotransaminase (ALT),
aspartate aminotransaminase (AST), TC, TGs, HDL-c, and
LDL-c. All biochemical analyses were carried out on an
automated analyzer, ERBA XL-600, Germany.

mean

Effect of Retama sphaerocarpa aqueous extract on Triton
WR-1339-induced hyperlipidemic rats

To investigate the antidyslipidemic activity of RSAE on Triton
WR-1339-induced hyperlipidemic rat model. Hyperlipidemia
was induced by a single intraperitoneal injection of Triton WR-
1339 (200 mg/kg; Sigma-Aldrich, St. Louis, MO, USA),

dissolved in phosphate-buffered saline (pH 7.4). The
experimental design and procedures were performed according
to previously published studies [18].

After an overnight fast, animals were randomly assigned to four
experimental groups (n = 6 per group). Group | served as the
normal control and received a standard diet and distilled water.
Groups I1, 111, and IV received Triton WR-1339 intraperitoneally
to induce hyperlipidemia. Group Il served as the hyperlipidemic
control and received distilled water. Group 111 received RSAE at
a dose of 400 mg/kg/day via oral gavage. Group IV was treated
with atorvastatin (10 mg/kg/day, aqueous suspension).
Atorvastatin was used as a positive control in the study.
Treatments were given once daily for seven consecutive days.
On the 7" day, following an 18-hour fast, Triton WR-1339 (200
mg/kg, 0.9% saline) was
intraperitoneally 1 hour after the last oral administration to
induce experimental hyperlipidemia. After 24 hours, blood
samples were collected under light anesthesia. Samples were
immediately centrifuged (5000 rpm/10 min) and serum was used
for lipid analysis (Total cholesterol, Triglycerides, LDL-c and
HDL-c levels) using an automated biochemical analyzer (ERBA
XL-600, Germany).

dissolved in administered

Statistical analysis

All experimental data were expressed as mean values + SEM.
Student’s t-test was used to compare two groups (acute toxicity
study). To evaluate antidyslipidemic activity, one-way analysis
of variance (one-way ANOVA), followed by Bonferroni's post
hoc test, was used to compare the means of the hyperlipidemic
groups with those of the treated groups and the normolipidemic
control groups. Statistical analyses were conducted using
GraphPad Prism version 7. A p-value of less than 0.05 was
considered statistically significant.

RESULTS AND DISCUSSION
Total phenolic, flavonoid, and tannin contents

The total phenolic compounds in the aqueous extract of Retama
sphaerocarpa were determined to be 289.57+8.41 mg gallic acid
equivalents per 1 gram of the extract (289.57+8.41 mg GAE/1 g
RSAE), using gallic acid as a standard for the calibration curve.
The total flavonoid content in the same extract was estimated to
be 174.35+7.54 mg of the equivalent of Rutin per one g of the
extract (174.35+7.54 mg RE/ 1 g RSAE), using Rutin as the
standard flavonoid to establish the calibration curve. While the
tannins of the extract were estimated at 20.32 + 3.29 mg catechin
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equivalents (CE) per gram of RSAE, with catechin serving as the
reference standard for calibration.

Antioxidant activity

The findings of this study revealed that RSAE exhibited a
concentration-dependent antioxidant activity across the tested
concentrations (31.25, 62.5, 125, 250, and 500 pg/mL). The
following percentages of inhibition (1%) were revealed (16.49,
25.45, 38.41, 52.29, and 84.34%, respectively) (Figure 1).
Concerning the synthetic antioxidant agent BHT, inhibition
percentages of 49.17%, 52.89%, 59.67%, 68.66%, and 82.87%
were recorded at the tested concentrations. The ICso value was
determined using linear regression analysis. The RSAE
exhibited an ICso equal to 241.45 pg/mL, whereas the standard
antioxidant, butylated hydroxytoluene (BHT), showed an
inhibitory concentration (1Csg) equal to 13.63 pg/mL.

y =0.0702x + 49.043 -

80 R2=0.981 /7”

“"

§ 60
= y =0.1384x + 16.583
% 40 R2=0.9847
S
20
—B— %RSAE —=— 1% BHT
--------- Linear (%RSAE)  --------- Linear (1% BHT)
0
0 100 200 300 400 500

Concentration pg/ml

Figure 1: DPPH radical scavenging activity of Retama

sphaerocarpa aqueous extract (RSAE). BHT:
butylhydroxytoluene; DPPH: 2,2-diphenyl-1-
picrylhydrazyl.

ACUTE TOXICITY STUDIES

Clinical observations and determination of LDso

Single oral administration of RSAE at 2000 mg/kg did not cause
any signs of toxicity or mortality in rats compared with the
vehicle-treated group during the 14-day study period, although a
slight loss of appetite was observed on the first day; the animals
then returned to their normal state. The lethal dose 50 (LDsp) is
therefore presumed to be greater than the dose tested (2000
mg/kg).

Effect of RSAE on body weight

Single oral administration of RSAE at 2000 mg/kg did not
significantly affect body weight during the 14-day monitoring
period compared with the control group (Figure 2).

250
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Figure 2: Body weight changes during the oral toxicity study
of RSAE. Values are expressed as mean + SEM (n =5).

Effect of RSAE on hematological and biochemical profile
Hematological parameters were assessed 24 hours after a single
oral administration of RSAE (2000 mg/kg), and the results are
presented in Table 1. Our findings showed that a single oral dose
of RSAE (2000 mg/kg) in rats did not produce any significant
alterations in hematological parameters compared with the
control group. Similarly, the effects of RSAE on biochemical
parameters, summarized in Table 2, revealed no statistically
significant differences in any biochemical parameter compared
with the control groups.

Effect of RSAE on Triton WR-1339-induced hyperlipidemic
rats

Table 3 summarizes the effects of RSAE on plasma lipid profile
parameters (TC, TGs, HDL-c, and LDL-c). Compared with the
normolipidemic control group, injection of Triton WR-1339
markedly increased plasma TC, TG, and LDL-c levels.
However, Triton WR-1339 did not significantly increase high-
density lipoprotein cholesterol (HDL-c) levels compared with
the normolipidemic control group.

Compared with the hyperlipidemic control group, pretreatment
of hyperlipidemic rats with RSAE (400 mg/kg) for seven days
before Triton injection significantly attenuated plasma levels of
TC (p<0.01), TGs (p < 0.001), and LDL-c (p < 0.0001).
Moreover, pretreatment with RSAE (400 mg/kg) for 7
consecutive days significantly increased plasma HDL-c levels (p
< 0.01) compared with the hyperlipidemic control group.

Similarly, treatment of rats with atorvastatin significantly
reduced plasma levels of TC (p<0.001), TGs (p<0.0001), and
LDL-c (p<0.0001), without producing any significant elevation
in plasma HDL-c levels.
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Table 1: Effect of acute oral treatment with Retama
sphaerocarpa aqueous extract on hematological parameters

Table 2: Effect of acute oral treatment with Retama
sphaerocarpa agueous extract on biochemical parameters

All Data are expressed as mean = SEM (n= 5 animals per
group). No significant differences were observed between the
treated groups and the control at p < 0.05.

Parameters Control |RSAE (2000 mg/kg) Parameters Control RSAE (2000 mg/kg)
i 9/
White blood cell (x10¥L) | 8.75+0.42 8.47+0.32 Urea (mmol/L) 3.99+0.060 3.66+0.055
Red blood cell (x10*/L) | 6.86+0.62 7.10£0.57 —
Haemoglobin (g/dL) 12.89+0.45 13.36+0.49 Creatinine (umol/L) | 33.15+0.412 34.29+0.428
Mean corpuscular 48+3.47 55+3 38 AST (U/L) 300+22.931 296+18.879
HVO'U{"G (_ft')o/ — 5:1 '1 = = 1; '1 = ALT (U/L) 98+5.78 1114591
ematocrit % 54+1. 19+1.
Mean cell Naemogiobin | 1o .o 79 10,4050 25 TC (mmoliL) 2.06£0.183 1.98+0.169
(pg) _ 400, 4020, TGs (mmol/L) | 0.42+0.078 0.38+0.091
Mean gs::ch?slrglc;globln 40 140.77 38.140.80 HDL-c (mmol/L) | 1.310.123 1.24+0.119
Platelets (x109L) | 520+24.12 540+22.75 LDL-c (mmol/L) | 0.59+0.063 0.540.057

Data are expressed as mean + SEM, with n= 5 animals per
group. All values were not significantly different from the
control at p<0.05.

Table 3: Effect of Retama sphaerocarpa aqueous extract (400 mg/kg) on the lipid profile in Triton WR-1339-induced

hyperlipidemic rats.

Groups TC (mmol/L) TGs (mmol/L) HDL-cholesterol (mmol/L) LDL-cholesterol (mmol/)
Normolipidemic group 2.15+0.11 0.70 £ 0.09 1.59+£0.09 0.36 £ 0.01
Hyperlipidemic control | 10.37 £+ Q.40 # # ## | 21.94 + 2.67T# ## # 2.06 +£0.52 460 034# ###

Hyperlipidemic+
Atorvastatin (10 mg/kg) 4.04+ 0.91%** 5.07 £ 1.99**** 1.27+£0.19 1.42 + 0.14 ****

Hyperlipidemic+
RSAE (400 mg/kq) 5.07 £ 0.67** 8.74 £ 0.72*%** 4.44 + 0.97** 1.22 £ 0.23%***

Values are expressed as mean £ SEM (n = 6). ** p<0.01, *** p<0.001 and **** p<0.0001 when compared to the hyperlipidemic
group. ####p < 0.0001 when compared to normolipidemic control group.

DISCUSSION
Several experimental studies have widely used Triton WR-1339

(Tyloxapol) to induce acute hyperlipidemia in experimental
animal models to evaluate the potential of natural and synthetic
lipid-lowering agents [19] and to investigate the lipid
metabolism [20]. Its mode of action involves the activation of 3-
hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase, thereby
increasing hepatic cholesterol biosynthesis, and inhibition of
lipoprotein lipase activity, the enzyme responsible for
triglyceride hydrolysis, thereby reducing their absorption by
tissues [21].

In this study, acute hyperlipidemia was induced by
intraperitoneal injection of Triton WR-1339, which resulted in a
significant increase in plasma lipids (TC, TGs, and LDL-c) at 24
hours compared with normolipidemic groups, while there was
no significant alteration in HDL-c levels in rats after Triton WR-
1339 injection. Increased blood cholesterol levels, especially the
LDL fraction (bad cholesterol), represent the major risk factor
for coronary heart disease [22]. Our findings showed that
pretreatment with the aqueous extract of Retama sphaerocarpa

for 7 consecutive days before Triton injection prevented
increases in total cholesterol and the LDL-c fraction compared
with hyperlipidemic controls. The observed decrease in total
cholesterol level was accompanied by a considerable reduction
in the LDL fraction. This finding suggests that the
hypocholesterolemic activity of RSAE may be attributed to
enhanced LDL-c catabolism, possibly mediated by increased
expression of hepatic LDL-c receptors[23]. Additionally, the
decrease in total cholesterol levels may be attributed to
inhibition of HMG-CoA reductase, a key enzyme in cholesterol
biosynthesis [24]. HDL-c, commonly known as "good
cholesterol”, has a protective role in coronary heart disease. It
transports excess cholesterol from the blood vessels to the liver
for processing and elimination, thereby helping prevent the
formation of atherosclerotic plaques in the arteries. HDL-cC is
therefore a key factor in preventing the development of
atherosclerosis and reducing the risk of coronary heart disease
[25,26].

Importantly, pretreatment with RSAE (400 mg/kg) for 7
consecutive days before induction of hyperlipidemia exhibited a
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protective effect by significantly increasing the level of HDL-c,
this observed effect may be attributed to the increased activity of
lecithin-cholesterol acyl transferase, which facilitates the
mobilization of cholesterol and triglycerides from the serum to
the liver by a pathway called "reverse cholesterol transport"
where it is catabolized and eliminated from the body [25].
Triglycerides play a crucial role in regulating lipoprotein
interactions and maintaining normal lipid metabolism [6].
Hypertriglyceridemia is a common lipid disorder that has been
associated with an
cardiovascular disease [27].

increased incidence of atherosclerotic

It should be noted that administration of RSAE (400 mg/kg) for
seven consecutive days prior to Triton WR-1339 injection
significantly attenuated the rise in plasma triglyceride levels, this
observed effect may be attributable to an increase in the activity
of the lipoprotein lipase, leading to the hydrolysis of
triglycerides into fatty acids [28], or possibly due to increased
uptake of triglycerides from plasma by skeletal muscle and
adipose tissue [29]. It is important to note that the mechanistic
explanations proposed in this study are hypothetical and were
experimentally Further
investigations are warranted to elucidate the precise pathways
underlying the observed antidyslipidemic effects. While the
present findings demonstrate that RSAE exerts significant
antidyslipidemic activity in the Triton WR-1339-induced
hyperlipidemia model, this approach reflects a short-term
experimental condition that differs from the chronic human
dyslipidemia. Therefore, further studies using chronic (e.g.,
high-fat diet-induced dyslipidemia dietary models are warranted
to better assess the sustained therapeutic relevance of RSAE.
Our findings are consistent with those reported by Maghrani et
al. [30], who demonstrated that repeated oral administration of
the aqueous extract of R. raetam leaves resulted in a significant
reduction in plasma cholesterol & triglyce- rides levels in
streptozotocin (STZ)-induced diabetic rats. Many investigations
reported a link between dyslipidemia and oxidative stress.
Dyslipidemia can contribute to oxidative stress by promoting the
production of reactive oxygen species (ROS); conversely,
oxidative stress can contribute to dyslipidemia by promoting the
oxidation of LDL-cholesterol, thereby contributing to
atherosclerosis [31]. Consequently, we can conclude that
controlling oxidative stress levels may be effective in managing
dyslipidemia and its associated health problems. In this regard,
an interesting antioxidant activity of Retama sphaerocarpa was

not evaluated. mechanistic

observed, with the concentration of RSAE required to reduce
50% of the DPPH radical (1Cso) determined to be 241.45 pg/mL.
Several rigorous clinical studies have demonstrated that
bioactive compounds derived from medicinal plants are safe and
effective for the management of dyslipidemia [32]. In this
context, the observed antidyslipidemic effect in our study of
Retama sphaerocarpa is likely attributable to its rich content of
various bioactive metabolites. In this regard, our study findings
revealed the richness of Retama sphaerocarpa in polyphenols,
flavonoids, and tannins, all of which are known to modulate lipid
metabolism [33]. Several studies have reported that polyphenols
can modulate lipid metabolism through multiple mechanisms.
Several studies suggest that certain polyphenolic compounds
may inhibit HMG-CoA reductase activity, thereby reducing
endogenous cholesterol synthesis. Additionally, polyphenols
have been reported to enhance LDL receptor expression and
promote LDL-c [34-37].
Nevertheless, further advanced phytochemical studies (e.g.,
HPLC-MS) are needed to determine the chemical composition
of the aqueous extract of Retama sphaerocarpa and to identify
and isolate the specific active compounds responsible for the
observed antidyslipidemic effect.

clearance from circulation

For a long time, medicinal plants have played an important role
in the treatment of many diseases [38]; however, it is imperative
to investigate their potential toxicity before their use in various
disease models [39]. Acute toxicity assessment of medicinal
plants provides primary insight into their mechanism of toxic
action [40]. Our findings indicate that acute administration of the
aqueous extract of Retama sphaerocarpa produced no
observable toxicity or adverse effects in rats. Moreover, no
mortality was observed following the single oral dose of 2000
mg/kg over a 14-day monitoring period, suggesting that the
lethal dose (LDsg) is greater than 2000 mg/kg. According to
Diezi's (1989) [41] classification, the aqueous extract of Retama
sphaerocarpa is relatively toxic. Our results are consistent with
previous studies that estimated the LDso of Retama sphaerocarpa
to be greater than 1000 mg/kg, supporting its low acute toxicity
and suggesting a favorable safety profile [42]. The analysis of
blood parameters is extremely important for determining the
anomalies induced by plant extracts [43]. It also provides
information about the mechanism of toxicity/safety of a
therapeutic agent [40]. The hematopoietic system, which is
responsible for the production and development of blood cells,
is extremely sensitive to toxic molecules; alterations in this
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system provide a greater predictive value for human toxicity
[44]. parameters provides
important insight into the local and systemic manifestations of
intoxication induced by plant extracts [45]. Based on the
hematological evaluation results obtained in this study, no
significant changes were observed in any hematological indices
after 24 hours of single oral administration of RSAE (2000
mg/kg) compared with the control group.

Evaluation of hematological

It can be concluded that the extract has no harmful effect on
circulating white and red blood cells or on platelets.
Additionally, acute oral treatment of rats with the aqueous
extract of Retama sphaerocarpa did not induce any significant
alterations in ALT, AST, urea, or creatinine levels, which are
commonly considered reliable markers of liver and kidney
function. Furthermore, RSAE did not exhibit any significant
impact on the lipid profile (total cholesterol, triglycerides, HDL -
cholesterol, and LDL-cholesterol) after a single 24-hour
administration compared to the control group, suggesting that
the extract does not adversely affect lipid metabolism. Based on
the results of the acute toxicity study, we concluded that RSAE
was not toxic and could be used for pharmacological and
therapeutic purposes; however, more advanced toxicity studies,
such as chronic toxicity investigations, including detailed
biochemical, hematological, and histopathological evaluations,
are needed to predict the potential toxic effects of this plant.

CONCLUSION
In conclusion, the present study demonstrated that the aqueous

extract of Retama sphaerocarpa prevented elevations in total
cholesterol, triglycerides, and LDL-c levels, while promoting an
in HDL-c in  Triton WR-1339-induced
hyperlipidemic rats. These findings suggest a promising
hypolipidemic sphaerocarpa,
highlighting its relevance as a therapeutic candidate for the
management of dyslipidemia. Furthermore, acute toxicity
assessment indicated that the aqueous extract of Retama
sphaerocarpa is potentially safe and non-toxic at a single oral
dose of 2000 mg/kg. Nevertheless, further comprehensive
studies are required to confirm its efficacy and safety profile.

increase levels

potential of the Retama

ETHICAL CONSIDERATIONS
All applicable institutional guidelines for the care and use of

animals were followed, as approved by the local committee of
the Faculty of Sciences & Techniques Errachidia, Morocco, with
ethical approval number FSTE/2015.

FINANCIAL ASSISTANCE
NIL

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHOR CONTRIBUTION
Adil Qabouche conceived and designed the study and drafted the

manuscript. Ismail Bouadid contributed to the realization of
experimental techniques and laboratory manipulations. Ayoub
Amssayef contributed to the analysis and interpretation of the
data. Mohamed Eddouks and Ahmed EIl-Haidani supervised this
work and contributed to the critical revision and correction of
the manuscript. All authors read and approved the final
manuscript.

REFERENCES
[1] Mehraban MSA, Tabatabaei-Malazy O, Rahimi R, Daniali M,

Khashayar P, Larijani B. Targeting dyslipidemia by herbal
medicines: a systematic review of meta-analyses. J
Ethnopharmacol, 280, 114407 (2021)
https://doi.org/10.1016/j.jep.2021.114407

[2] Brunham LR, Lonn E, Mehta SR. Dyslipidemia and the current
state of cardiovascular disease: epidemiology, risk factors, and
effect of lipid lowering. Can J Cardiol, 40, S4-S12 (2024)
https://doi.org/10.1016/j.cjca.2024.04.017

[3] YangL,WuH,lJin X, Zheng P, Hu S, Xu X, et al. Study of
cardiovascular disease prediction model based on random forest
in eastern China. Sci Rep, 10, 5245 (2020)
https://doi.org/10.1038/s41598-020-62133-5

[4] Sunil C, Ignacimuthu S, Kumarappan C. Hypolipidemic activity
of Symplocos cochinchinensis S. Moore leaves in hyperlipidemic
rats. J Nat Med, 66, 32-38 (2012)
https://doi.org/10.1007/s11418-011-0548-4

[5] Mahamuni SP, Khose RD, Menaa F, Badole SL. Therapeutic
approaches to drug targets in hyperlipidemia. BioMedicine, 2,
137-146 (2012) https://doi.org/10.1016/j.biomed.2012.08.002

[6] lrudayaraj SS, Sunil C, Duraipandiyan V, Ignacimuthu S. In vitro

antioxidant and antihyperlipidemic activities of Toddalia asiatica
(L.) Lam. leaves in Triton WR-1339 and high fat diet induced
hyperlipidemic rats. Food Chem Toxicol, 60, 135-140 (2013)
https://doi.org/10.1016/j.fct.2013.07.035

[7] Guerrouj K, Ruiz-Diez B, Chahboune R, Ramirez-Bahena MH,
Abdelmoumen H, Quifiones MA, et al. Definition of a novel
symbiovar (sv. retamae) within Bradyrhizobium retamae sp.
nov., nodulating Retama sphaerocarpa and Retama monosperma.
Syst Appl Microbiol, 36, 218-223 (2013)
https://doi.org/10.1016/j.syapm.2013.03.001

Journal of Applied Pharmaceutical Research (JOAPR)| May — June 2026 | Volume 14 Issue 3 | 306


https://doi.org/10.1016/j.jep.2021.114407
https://doi.org/10.1016/j.cjca.2024.04.017
https://doi.org/10.1038/s41598-020-62133-5
https://doi.org/10.1007/s11418-011-0548-4
https://doi.org/10.1016/j.biomed.2012.08.002
https://doi.org/10.1016/j.fct.2013.07.035
https://doi.org/10.1016/j.syapm.2013.03.001

Journal of Applied Pharmaceutical Research 14 (3); 2026: 300 — 308

Qabouche et al.

[8] Chakraborty A, Giri S, Shah AD, Adhikari T. Phytochemistry

and pharmacological potential of Alocasia macrorrhiza: a

comprehensive review. J Appl Pharm Res, 12(6), 73-87 (2024)

https://doi.org/10.69857/joapr.v12i6.742

Tahraoui A, El-Hilaly J, Israili ZH, Lyoussi B.

Ethnopharmacological survey of plants used in the traditional

treatment of hypertension and diabetes in south-eastern Morocco

(Errachidia province). J Ethnopharmacol, 110, 105-117 (2007)

https://doi.org/10.1016/j.jep.2006.09.011

[10] L6pez-Léazaro M, Martin-Cordero C, Ayuso MJ. Flavonoids of
Retama sphaerocarpa. Planta Med, 65, 777-778 (1999)
https://doi.org/10.1055/s-2006-960869

[11] Louaar S, Akkal S, Laouer H, Guilet D. Flavonoids of Retama
sphaerocarpa leaves and their antimicrobial activities. Chem Nat
Compd, 43, 616-617 (2007) https://doi.org/10.1007/s10600-007-
0207-x

[12] Hebi M, Farid O, Ajebli M, Eddouks M. Potent
antihyperglycemic and hypoglycemic effect of Tamarix
articulata Vahl. in normal and streptozotocin-induced diabetic
rats. Biomed Pharmacother, 87, 230-239 (2017)
https://doi.org/10.1016/j.biopha.2016.12.111

[13] Bouhlali EDT, Alem C, Zegzouti YF. Antioxidant and anti-
hemolytic activities of phenolic constituents of six Moroccan date
fruit (Phoenix dactylifera L.) syrups. Biotechnol Indian J, 12, 45—
52 (2016) https://doi.org/10.17957/JGIASS/3.2-3.709

[14] Kim DO, Chun OK, Kim YJ, Moon HY, Lee CY. Quantification
of polyphenolics and their antioxidant capacity in fresh plums. J
Agric Food Chem, 51, 6509-6515 (2003)
https://doi.org/10.1021/jf0343074

[15] Broadhurst RB, Jones WT. Analysis of condensed tannins using
acidified vanillin. J Sci Food Agric, 29, 788-794 (1978)
https://doi.org/10.1002/jsfa.2740290908

[16] Louli V, Ragoussis N, Magoulas K. Recovery of phenolic
antioxidants from wine industry by-products. Bioresour Technol,
92, 201-208 (2004)
https://doi.org/10.1016/j.biortech.2003.06.002

[17] Organization for Economic Cooperation and Development
(OECD). OECD guideline 423: oral toxicity study in rodents.
OECD Guidelines for the Testing of Chemicals, 423, 18 p (2001)
https://doi.org/10.1787/9789264071001-en

[18] Qabouche A, Amssayef A, Bouadid I, Lahrach N, El-Haidani A,
Eddouks M. Antidiabetic and antidyslipidemic effects of
Artemisia mesatlantica, an endemic plant from Morocco.
Cardiovasc Hematol Disord Drug Targets, 23, 50-63 (2023)
https://doi.org/10.2174/1871529x23666230803113616

[19] Schurr PE, Schultz JR, Parkinson AT. Triton-induced
hyperlipidemia in rats as an animal model for screening
hypolipidemic drugs. Lipids, 7, 68-74 (1972)
https://doi.org/10.1007/bf02531272

(9]

[20] Zeniya M, Reuben A. Triton WR-1339-induced changes in serum
lipids and biliary lipid secretion. Am J Physiol Gastrointest Liver
Physiol, 254, G346-G354 (1988)
https://doi.org/10.1152/ajpQi.1988.254.3.G346

[21] Levine S, Saltzman A. A procedure for inducing sustained
hyperlipemia in rats by administration of a surfactant. J
Pharmacol Toxicol Methods, 55, 224-226 (2007)
https://doi.org/10.1016/j.vascn.2006.05.009

[22] Huang CL, Sumpio BE. Olive oil, the Mediterranean diet, and
cardiovascular health. J Am Coll Surg, 207, 407-416 (2008)
https://doi.org/10.1016/j.jamcollsurg.2008.02.018

[23] Brown MS, Goldstein JL. A receptor-mediated pathway for
cholesterol homeostasis. Science, 232, 34-47 (1986)
https://doi.org/10.1126/science.3513311

[24] Zarzecki MS, Araujo SM, Bortolotto VVC, de Paula MT, Jesse
CR, Prigol M. Hypolipidemic action of chrysin on Triton WR-
1339-induced hyperlipidemia in female C57BL/6 mice. Toxicol
Rep, 1, 200-208 (2014)
https://doi.org/10.1016/j.toxrep.2014.02.003

[25] Rader DJ, Hovingh GK. HDL and cardiovascular disease. Lancet,
384, 618-625 (2014) https://doi.org/10.1016/S0140-
6736(14)61217-4

[26] Kosmas CE, Martinez I, Sourlas A, Bouza KV, Campos FN,
Torres V, et al. High-density lipoprotein (HDL) functionality and
its relevance to atherosclerotic cardiovascular disease. Drugs
Context, 7, 212525 (2018) https://doi.org/10.7573/dic.212525

[27] Krauss RM. Atherogenicity of triglyceride-rich lipoproteins. Am
J Cardiol, 81, 13B-17B (1998) https://doi.org/10.1016/S0002-
9149(98)00032-0

[28] Jawed A, Singh G, Kohli S, Sumera A, Haque S, Prasad R, et al.
Therapeutic role of lipases and lipase inhibitors derived from
natural resources for remedies against metabolic disorders and
lifestyle diseases. S Afr J Bot, 120, 25-32 (2019)
https://doi.org/10.1016/j.sajb.2018.04.004

[29] Goldberg 1J, Eckel RH, Abumrad NA. Regulation of fatty acid
uptake into tissues: lipoprotein lipase- and CD36-mediated
pathways. J Lipid Res, 50, S86-S90 (2009)
https://doi.org/10.1194/jIr.R800085-JLR200

[30] Lopez-Lazaro M, Martin-Cordero C, Ayuso MJ. Flavonoids of
Retama sphaerocarpa. Planta Med, 65, 777-778 (1999)
https://doi.org/10.1055/s-2006-960869

[31] Rizzo M, Kotur-Stevuljevic J, Berneis K, Spinas G, Rini GB,
Jelic-lvanovic Z, et al. Atherogenic dyslipidemia and oxidative
stress: a new look. Transl Res, 153, 217-223 (2009)
https://doi.org/10.1016/j.trsl.2009.01.008

[32] Ji X, Shi S, Liu B, Shan M, Tang D, Zhang W, et al. Bioactive
compounds from herbal medicines to manage dyslipidemia.
Biomed Pharmacother, 118, 109338 (2019)
https://doi.org/10.1016/j.biopha.2019.109338

Journal of Applied Pharmaceutical Research (JOAPR)| May — June 2026 | Volume 14 Issue 3 |

307


https://doi.org/10.69857/joapr.v12i6.742
https://doi.org/10.1016/j.jep.2006.09.011
https://doi.org/10.1055/s-2006-960869
https://doi.org/10.1007/s10600-007-0207-x
https://doi.org/10.1007/s10600-007-0207-x
https://doi.org/10.1016/j.biopha.2016.12.111
https://doi.org/10.17957/JGIASS/3.2-3.709
https://doi.org/10.1021/jf0343074
https://doi.org/10.1002/jsfa.2740290908
https://doi.org/10.1016/j.biortech.2003.06.002
https://doi.org/10.1787/9789264071001-en
https://doi.org/10.2174/1871529x23666230803113616
https://doi.org/10.1007/bf02531272
https://doi.org/10.1152/ajpgi.1988.254.3.G346
https://doi.org/10.1016/j.vascn.2006.05.009
https://doi.org/10.1016/j.jamcollsurg.2008.02.018
https://doi.org/10.1126/science.3513311
https://doi.org/10.1016/j.toxrep.2014.02.003
https://doi.org/10.1016/S0140-6736(14)61217-4
https://doi.org/10.1016/S0140-6736(14)61217-4
https://doi.org/10.7573/dic.212525
https://doi.org/10.1016/S0002-9149(98)00032-0
https://doi.org/10.1016/S0002-9149(98)00032-0
https://doi.org/10.1016/j.sajb.2018.04.004
https://doi.org/10.1194/jlr.R800085-JLR200
https://doi.org/10.1055/s-2006-960869
https://doi.org/10.1016/j.trsl.2009.01.008
https://doi.org/10.1016/j.biopha.2019.109338

Journal of Applied Pharmaceutical Research 14 (3); 2026: 300 — 308

Qabouche et al.

[33] Upadhyay RK. Antihyperlipidemic and cardioprotective effects
of plant natural products: a review. Int J Green Pharm, 15 (2021)
https://doi.org/10.22377/ijgp.v15i1.3011

[34] Bjune K, Halvorsen PS, Wangensteen H, Leren TP, Bogsrud MP,
Strem TB. Flavonoids regulate LDLR through different
mechanisms tied to their specific structures. J Lipid Res, 65,
100539 (2024) https://doi.org/10.1016/j.jIr.2024.100539

[35] Sun P, Zhao L, Zhang N, Zhou J, Zhang L, Wu W. Bioactivity of
dietary polyphenols: the role in LDL-C lowering. Foods, 10,
2666 (2021) https://doi.org/10.3390/foods10112666

[36] Yugarani T, Tan BK, Teh M, Das NP. Effects of polyphenolic
natural products on the lipid profiles of rats fed high fat diets.
Lipids, 27, 181-186 (1992) https://doi.org/10.1007/BF02536175

[37] Islam B, Sharma C, Adem A, Aburawi E, Ojha S. Insight into the
mechanism of polyphenols on the activity of HMGR by
molecular docking. Drug Des Devel Ther, 9, 4943-4951 (2015)
https://doi.org/10.2147/DDDT.S86705

[38] Chaachouay N, Douira A, Zidane L. Herbal medicine used in the
treatment of human diseases in the Rif, Northern Morocco. Arab
J Sci Eng, 47, 131-153 (2022) https://doi.org/10.1007/5s13369-
021-05501-1

[39] Aamir K, Khan HU, Hossain CF, Afrin MR, Shaik I, Salleh N, et
al. Oral toxicity of arjunolic acid on hematological, biochemical
and histopathological investigations in female Sprague Dawley
rats. PeerJ, 7, e8045 (2019) https://doi.org/10.7717/peerj.8045

[40] Nfozon JN, Tume C, Kdjo N, Boyom FF, Leonard SF, Dzoyem
JP, et al. Acute and sub-chronic toxicity evaluation of Triplotaxis
stellulifera (Benth.) Hutch and Crassocephalum bougheyanum
C.D. Adams methanol extract on mice. Biochem Anal Biochem,
8, 1-10 (2019) https://doi.org/10.35248/2161-1009.19.8.385

[41] Belmimoun A, Belkhodja H, Side Larbi K, Said O, Sellam K,
Mezoudj H, Meddah B. Acute and subacute toxicological
evaluation and phytochemical analysis of aqueous extract of
apricot (Prunus armeniaca) kernels in rats. J Appl Vet Sci, 11,
60-72 (2026) https://doi.org/10.21608/javs.2026.465813.1896

[42] Moujane S, Bouadid I, Bouymajane A, Younes FZ, Benlyas M,
Bouachrine M, et al. Assessment of hematological and
biochemical effects of acute and subacute toxicity of the aqueous
extract from Retama sphaerocarpa leaves in Wistar rats, and in
silico investigation of phenolic compounds as potential inhibitors
against HPV16 E6 oncoprotein. SSRN (2023)
https://doi.org/10.2139/ssrn.4507917

[43] 1brahim MB, Sowemimo AA, Sofidiya MO, Badmos KB,
Fageyinbo MS, Abdulkareem FB, et al. Sub-acute and chronic
toxicity profiles of Markhamia tomentosa ethanolic leaf extract in
rats. J Ethnopharmacol, 193, 68-75 (2016)
https://doi.org/10.1016/j.jep.2016.07.036

[44] Olson H, Betton G, Robinson D, Thomas K, Monro A, Kolaja G,
et al. Concordance of the toxicity of pharmaceuticals in humans

and in animals. Regul Toxicol Pharmacol, 32, 56-67 (2000)
https://doi.org/10.1006/rtph.2000.1399

[45] Olusola L, Matthew O, Oluwatosin A. Comparative study on the
effects of aqueous extracts of Viscum album (mistletoe) from
three host plants on hematological parameters in albino rats. Afr
Health Sci, 15, 606-612 (2015)
https://doi.org/10.4314/ahs.v15i2.38

Journal of Applied Pharmaceutical Research (JOAPR)| May — June 2026 | Volume 14 Issue 3 | 308


https://doi.org/10.22377/ijgp.v15i1.3011
https://doi.org/10.1016/j.jlr.2024.100539
https://doi.org/10.3390/foods10112666
https://doi.org/10.1007/BF02536175
https://doi.org/10.2147/DDDT.S86705
https://doi.org/10.1007/s13369-021-05501-1
https://doi.org/10.1007/s13369-021-05501-1
https://doi.org/10.7717/peerj.8045
https://doi.org/10.35248/2161-1009.19.8.385
https://doi.org/10.21608/javs.2026.465813.1896
https://doi.org/10.2139/ssrn.4507917
https://doi.org/10.1016/j.jep.2016.07.036
https://doi.org/10.1006/rtph.2000.1399
https://doi.org/10.4314/ahs.v15i2.38

	Journal of Applied Pharmaceutical Research
	Volume 14 Issue 3, Year of Publication 2026, Page 300 – 308
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS and discussion
	DISCUSSION
	CONCLUSION
	ETHICAL CONSIDERATIONS
	FINANCIAL ASSISTANCE
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTION
	REFERENCES

