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Adipogenesis is linked to obesity through the proliferation and deposit of preadipocytes as adipose 
tissues occur at various sites in the body. This study investigated the effects of Euclea racemosa 
subsp. schimperi extracts in vitro on lipase enzymes to identify the most active fractions. Then, the 
bioactive fraction was injected ex vivo on the high-fat diet adipose tissue (HFD-AD). Afterward, the 
lipid profile, oxidant/antioxidant parameter, and lipid accumulation were measured inside the 
cells. Finally, LCMS/MS for this fraction was performed. The aqueous fraction exhibited a stronger 
inhibitory effect on lipase enzymes with an IC50 of 18.15±1.24 µg/ml compared to orlistat's (IC50 of 
5.27±0.62 µg/ml). The aqueous fraction and methylsulfonyl-methane (MSM) were administered to 
HFD-AD cells at concentrations of (0.529±0.025 and 0.093±0.02 µg/ml), respectively. There was no 
significant difference (p > 0.05) between the effects of MSM and the aqueous fraction on 
controlling lipids profile parameters (triglycerides (TG), cholesterol (C), low density lipoprotein-
cholesterol (LDL-C), and high density lipoprotein-cholesterol (HDL-C)). Furthermore, the aqueous 
Fr. reduced lipid accumulation, malondialdehyde (MAD), and nitric acid (NO) activity compared to 
untreated cells with a non-significant difference compared to the MSM (p > 0.05).  Additionally, 
the aqueous Fr. showed an increase in total antioxidant capacity (TAC) and catalase (CAT) activity 
significantly compared to the MSM (p<0.05). In conclusion, The aqueous Fr. improved lipid 
accumulation, lipid profile, oxidative stress, and antioxidant effects. These activities are attributed 
to various compounds identified by LC MS/MS. 
Keywords: Euclea racemosa subsp. schimperi, lipases inhibition, high-fat diet adipose tissue, oil 
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INTRODUCTION 

A high-fat diet (HFD) can lead to the accumulation of 
excess body fat, which is linked to obesity. Diet-
related obesity has been attributed to increased 
oxidative stress and liver inflammation (Kim et al., 
2019). Obesity is a complex disorder caused by the 
interaction of numerous types of genetic, nutritional, 
lifestyle, and environmental factors (Karri et al., 
2019). It is a risk factor for metabolic syndrome 

leading to dyslipidemia, which is a lipid abnormality 
that includes high levels of triglycerides (TG) or/and 
cholesterol (C) due to high levels of low density 
lipoprotein-cholesterol (LDL-C, bad cholesterol) and 
low levels of high density lipoprotein-cholesterol 
(HDL-C, good cholesterol), which causes liver failure, 
cardiovascular complications, acute pancreatitis, 
hypertension, and pro-inflammatory (Khatua et al., 
2017; Al-Rawi, 2019). Lipid abnormalities contribute 
to elevated oxidative stress via several biochemical 
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processes that can impair bodily functions, promote 
the development of obesity-related metabolic 
syndrome by causing an excess of reactive oxygen 
species (ROS), induce an imbalance in the amount of 
energy intake and expenditure (Manna, 2015) and 
encourage the deposition of adipose tissue including 
preadipocyte proliferation, adipocyte differentiation, 
and growth (Čolak et al., 2022). Throughout the 
stages of obesity, adipose tissue can expand by an 
increase in adipocyte size (hypertrophy) or an 
increase in adipocyte number through the 
differentiation of new adipocytes (hyperplasia) or a 
combination of hypertrophy and hyperplasia tissue at 
various sites in the body as depots or subcutaneous 
fat and has a significant impact on the body's overall 
metabolism, a process known as adipogenesis (Jakab 
et al., 2021). Adiposity leads to lipo-inflammation and 
increased oxidative biomarkers [malondialdehyde 
(MDA) level and nitric oxide (NO)] and a decrease in 
the activity of antioxidant defenses as catalase 
enzyme activity (CAT) and total antioxidant activity 
(TAC) leading to various abnormalities (Croft et al., 
2023). Consequently, reducing oxidative stress and 
adipose tissue may be useful in preventing the 
harmful effects of obesity; lowering amounts of 
stored and circulated lipids (TG and C) and LDL-C were 
critical for managing obesity (Čolak and Pap, 2202). 
Alterations in diet and increased exercise can help 
control obesity, but these methods take a long time to 
become effective, so many people prefer surgical 
interventions and therapeutic agents to get the same 
results in a short time (Bhardwaj et al., 2021). There 
are numerous drugs on the market that can aid in 
weight reduction by decreasing food intake, boosting 
energy expenditure during physical activity, and 
limiting intestinal fat absorption. One approach 
involves the reversible inhibition of pancreatic lipase 
enzymes, which hinders the breakdown of 
triglycerides into absorbable monoglycerols and free 
fatty acids. Orlistat is a prime example of a drug that 
operates through this mechanism (Mahboob et al., 
2023; Abdel Raoof, 2022). Methylsulfonylmethane 
(MSM) reduces HFD, anti-inflammatory, antioxidant 
properties improve lipid profiles that help to prevent 
diseases associated with obesity (Miller et al., 2021).  
Several adverse health effects are related to these 
medications, such as hypertension, depression, and 
cardio metabolic anxiety, diarrhea, abdominal pain, 
deficiency in fat-soluble vitamins, incontinence, and 
frequent bowel movements (Khatua et al., 2017). For 
this reason, a wide range of natural products have 
been investigated for treating obesity. Given that  
 

different natural anti-obesity medicines work through  
various mechanisms without side effects (Čolak and 
Pap, 2022). Natural plants contain a wide variety of 
medicinal pharmaceuticals due to their ability to 
minimize adipose tissue mass through inhibiting 
adipogenesis (Abdel-Sattar et al., 2014). For this in 
vitro investigation, the 3T3-L1 cell line was selected 
because it is widely utilized in research on obesity and 
has a reputation for being the most realistic in 
simulating an obese state by the injection of HFD, 
which initiates differentiation and adipogenesis 
(Mubtasim and Gollahon, 2023). Ebenaceae family 
contains plants such as Diospyros kaki, 
which improves hyperglycemia, dyslipidemia, and 
liver fat accumulation in type 2 diabetics (Jung et al., 
2012), Diospyros lotus reduced body weight gain with 
reduced TG, total cholesterol, and low-density 
lipoprotein cholesterol (Kim et al., 2019), and Euclea 
natalensis prevented lipid peroxidation (Batia et al., 
2024).  Euclea racemosa subsp.  schimperi is used for 
multiple purposes as food (fruit) and traditional 
medicine (for the treatment of cancer, wounds, 
toothaches, malaria, abdominal pain and 
inflammation) (Asres et al., 2006). The chemical 
constituents in the plant are coumarins, triterpenes, 
alkaloids, sterols, flavonoids, naphthoquinones, and 
cardiac glycosides. Because of this, the plant engages 
in a variety of biological activities (Taye et al., 2023). 
In previous studies, flavonol isolated from the plant 
leaves (quercetrin, myricitrin, rutin, and myricetin-3-
O-arabinopyranoside) have significant antioxidant 
activity (Asres et al., 2006). Therefore, this study 
intends to investigate the effects of E. racemosa 
subsp. schimperi aerial parts methanolic extract 
subsequently its fraction in vitro experiment, such as 
enzymatic inhibition of lipase enzymes. The most 
active fractions that inhibited lipase enzyme were 
used in treatment of HFD adipocytes and markers of 
oxidative stress, antioxidants, lipid profile were 
measured. The results were confirmed by oil-red 
staining-based lipid accumulation. LC-MS/MS 
proceeded to the most potent fraction. 

MATERIAL AND METHODS 
Plant Material 

The aerial parts of plant utilized in this study were 
obtained from the Elba Mountain region and 
documented as Euclea racemosa subsp. schimperi 
(A.DC.) F. White, Ebenaceae family by Dr. Mahmoud 
Ali, Associate Professor of Plant Ecology, Desert 
Research Center, the specimens are recorded under 
number (CAIH-1254-R). 
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Extraction and Fractionation 

Fresh aerial parts of the plant were air-dried and 
ground to powder. The powder (2.5 kg) of the plant 
was macerated with 80% ethanol at room 
temperature (1.5 × 4.5 L) for 48 hours. The extracts 
obtained were concentrated on the rotary evaporator 
under vacuum at 45 °C until dryness, producing 67.32 
g of the total extract. The dried extract was evaluated 
for its effectiveness against the Lipase enzyme in vitro. 
Followed by bioguided fractionation by suspending 
the extract in 70% MeOH (600 mL) in a separating 
funnel and partitioning with n-hexane (Hex.), 
chloroform (CHCl3), ethyl acetate (EtOAc.), butanol 
(BtOH),  and distilled water, yielding five fractions (12 
g, Hex. Fr.), (11.29 g, CHCl3 Fr.), (8.93 g, EtOAc Fr.), 
(15.52 g, BtOH Fr.), and (19.30 g, aqueous Fr.). These 
fractions were subjected in vitro for their ability to 
inhibit lipase activity, to identify the most potent 
fractions for use HFD-AD cells. 

Enzymatic Inhibitory Assay In vitro  

 The porcine pancreatic lipase II (PPL) was prepared 
according to Lewis and Liu, (2012). PPL type II (L-3126) 
was dissolved in 50 mM phosphate buffer pH 7 (1 
mg/ml) and centrifuged at 12,000 x g for 5 minutes to 
eliminate any insoluble components. The 
concentration of enzyme stock was 0.1 mg/ml for 
each 1 mg of PPL solid powder diluted in 1 ml of 
buffer, and the solutions were kept at 20°C. P-
nitrophenyl palmitate (pNPB, substrate): 2.5 mM 
pNPB was dissolved in 1% dimethylsulfoxide (DMSO), 
then diluted with 100 μl reaction buffer solution. In 
addition to, phosphate buffer pH 7 and the orlistat 
drug, all previous materials were purchased from 
Sigma. The ability of E. r. ssp. Schimperi extract to 
inhibit PPL was measured using the Lewis method 
with minor modifications reported by (Alias et al., 
2017). The lipase inhibition assay was carried out by 
incubating the methanolic extract of the plant, 
followed by its different fractions (Hex, CHCl3, EtOAc, 
BtOH, and aqueous) ranging in concentration from 
0.25 to 500 μg/ml with PPL and pNPB (50 mM 
potassium phosphate buffer, pH 7.2, 0.5% Triton X-
100) for 10 minutes in 96-well plates. All tests were 
run at 37 °C, and the presented data are the average 
of three replicates after subtracting blank values.  
Orlistat served as a standard inhibitor. DMSO was 
used as a negative control, and the activity was also 
examined with and without the inhibitor. Lipase 
activity was measured by tracking the hydrolysis of p-
nitrophenyl butyrate to p-nitrophenol at 405 nm by 
using UV-transparent 96-well plates on an ELISA 

reader (BIO-TEK, Synergy HT, USA). One unit of activity 
was defined as the rate of reaction that creates 1 
μmol of p-nitrophenol per minute at 37 °C. When PPL 
was incubated with the test compounds, the 
inhibition of the lipase activity was detected as a 
percentage decline in the activity. According to the 
following formula, the lipase inhibition (%) was 
calculated: Lipase inhibition (%) = 100 - [(B-b) / (A-a) x 
100]. Where A is the activity without inhibitor, a is the 
negative control without inhibitor, B is the activity 
with inhibitor, and b is the negative control with 
inhibitor. IC50 value is calculated for the most potent 
plant extract that inhibits lipase by 50%. The IC50 value 
was calculated using GraphPad Prism Version 4.0 
software (GraphPad Software Inc., San Diego, USA). 

Cellular Model of Adipogenesis Ex vivo 

The 3T3-L1 cell line was obtained from male Sprague-
Dawley rats, which is a precursor cell line generated 
from mouse embryonic fibroblasts. At 37 °C in an 
incubator with 5% CO2, the cells were cultured in 
Dulbecco's Modified Eagle Medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS), 1% 
penicillin, and 1% streptomycin. All chemical 
compounds are used in this model from Gibco, 
Thermo Scientific, USA.  

Establishing a Primary Culture of Adipocytes Using 
the 3T3-L1 Cell Line of Rats’ Induced HFD 

Primary cultures of adipocyte cells from rats are a 
valuable biological model for evaluating the 
mechanisms of adipocyte differentiation and 
adipogenesis linked to obesity and dysfunctional 
adipocytes in ex vivo. Preparation of primary culture 
of adipocytes from rats involves a series of steps, 
including isolation, processing, digestion, filtration, 
resuspension, and differentiation of adipose tissue 
cells, respectively, according to (Van and Roncari, 
1977; Etesami et al., 2020). Adipose tissue was 
isolated from male Sprague-Dawley rats, aged 18–25 
days and weighed 40–64 g after the aesthesia, kindly 
killed under sterile conditions, and it placed in a Petri 
dish containing 0.9% saline for the removal of the 
epididymal fat pad from the border of the epididymis. 
Adipose tissue samples were processed by placing 
them in a sterile flask containing a culture medium 
called Dulbecco's Modified Eagle Medium (DMEM, 
Gibco, Thermo Scientific, USA). To get rid of any blood 
or debris, the cells are washed three times with 10% 
fetal bovine serum (FBS). Following that, the tissues 
were cut into tiny pieces (1 to 2 mg) with a scalpel or 
sterile scissors. Subsequently, the cells were digested 
by 1 ml of enzymatic buffer solution (0.5% collagenase 
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solution in Hank's Balanced Salt Solution (HBSS), 
Gibco, Thermo Scientific, USA) to separate the 
adipocytes from the surrounding tissue, then 
incubated under stirring for 45–60 min at 37°C until 
the tissue appeared well-digested. After that, the cell 
suspension was filtered through a cell strainer to 
eliminate any remaining undigested tissue pieces and 
produce a single-cell suspension. centrifuged to the 
filtered suspension at a slow speed for 5 to 10 min, at 
300 to 400 g. In the end, the cell pellet was kept, and 
the supernatant was thrown away. The adipocyte 
pellet was again suspended in a fresh culture medium 
that contained 1% antibiotics (penicillin-
streptomycin) and 1% fetal bovine serum. The cells 
were sown in a 25 mL T-culture flask and kept in a 
humidified environment with 5% CO2 at 37 °C. After 
the culture cells reach 70% confluence, the adipocyte 
cells undergo differentiation in Adipogenesis 
supplementation media called "DMEM" 
supplemented with 10% FBS, 100 IU of penicillin 
streptomycin, 0.15 IU/mL insulin, 500µM of 
dexamethasone, and 500µM isobutyl methyl xanthine 
to stimulate adipocyte maturation for 72 h. After 
differentiation, the primary adipocyte culture was 
expanded for various experiments. The medium was 
replaced, and the cell growth was monitored every 
three days. The underlying investigations were carried 
out via the expanded cells. 

Inducing a High-Fat Diet (HFD) in Adipocytes 

For the induction of a high-fat diet model using 
adipocyte cells to mimic the effects of a high-fat diet, 
the expanded cells are re-introduced into 
supplemented medium enriched with a greater 
concentration of fatty acids (Xiang et al., 2024). The 
incubation process is carried out for a further 7–14 
days, with regular changes medium every 3 days. 10 
μL of resuspension pellet cells were put onto a 
hemocytometer to calculate the number of cells that 
were required to be seeded for the tests. The cells in 
the four squares of the hemocytometer were counted 
averaged and multiplied by 104. Eventually, the HFD-
AD were harvested conventionally using 0.025% 
Trypsin EDTA and divided into two parts. Each part is 
planted in 96 well plates at a density of 1×105 
cells/well. The plates contained DMEM, 
supplemented with 10% FBS and 1% penicillin G 
sodium (10.000 UI), streptomycin (10 mg), and 
amphotericin B (25 μg) PSA, and incubated at 37 °C 
with 5% CO2 for 48 hours. Culture medium was 
removed and replaced by new media after washing 
the cells three times with 10% PBS to remove any 
blood and induced as described previously (Yunusoglu 

et al., 2022). After 24 hours, the following 
experiments begin to work.  

EC50 of EtOAc. Fr., and Aqueous Fr. on a High Fat Diet 
Adipose Tissue (HFD-AD) 

EC50 of EtOAc. Fr. and aqueous Fr. was measured in 
high-fat diet adipocytes by EtOAc. Fr. and aqueous Fr. 
was measured by the Vybrant® MTT (3- 4,5-dimethyl-
2-thiazolyl-2,5-diphenyl-2H-tetrazolium bromide) cell 
proliferation assay kit, cat no. M6494 (Thermo Fisher, 
Germany), with minor modifications provided by (Liu 
et al., 1997; Yunusoglu et al., 2022). Briefly, 1 mg/mL 
of each EtOAc. Fr. and aqueous Fr. stock solution was 
diluted with 1% DMEM (1 mL DMEM and 99 mL PBS) 
to create extracts at concentrations in the range of 
0.001–100 µg/mL. After that, HFD-AD was exposed to 
EtOAc Fr., aqueous Fr., and MSM were tested at 
concentrations of 0, 0.01, 1.0, 10, and 100 µg/mL for 
48 hours. The medium was removed and 12 µL of MTT 
solution (1 mg/mL) (Invitrogen, Thermo Scientific, 
Germany) was added to each well, and the plates 
were incubated at 37°C and 5% CO2 for four hours. 
Finally, the MTT solution was removed, and 100 μL of 
sodium dodecyl sulfate with hydrochloric acid (SDS-
HCL) was added to the wells. Cell viability was 
determined by measuring the optical density at 570 
nm on a spectrophotometer (ELx 800; Bio-Tek 
Instruments Inc., Winooski, VT, USA), and the 
percentage of viability was determined, which 
represents the proliferative effect of the extract at the 
tested dilutions. The XY curve was plotted to illustrate 
the relationship between the log dose of the agonist 
and the normalized response. The best fit point was 
determined by linear regression analysis for the 
calculation of the half maximal effective 
concentration (EC50). The relationship between the 
log dosage of the agonist and the normalized 
response was represented by the plotting of the XY 
curve. To compute the half maximum effective 
concentration (EC50), linear regression analysis was 
used to identify the best fit point. The program Graph 
Pad Prism 9 was used to compute the EC50. 

EtOAc Fr., Aqueous Fr. and MSM Induction on HFD-
AD 

The study evaluates the ketogenic effect of EtOAc. Fr. 
and aqueous Fr. of the plant against control group on 
HFD adipocytes. Cultured cells of HFD-AD were 
harvested, washed, and planted in 96 well plates at a 
density of 1×105 cells/well as previously. The cells 
were treated with the values of EC50 of each EtOAc, 
aqueous and drug fractions individually and 
incubated in cell culture for 48 hours. Methylsulfonyl 
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methane (MSM) "Ketogenic which serves as the 
positive control. Negative control group was the only 
differentiation medium applied to the cells. 
Subsequently, several assays were employed to 
evaluate the impact of each extract on lipid 
metabolism, including measurement of lipid profile, 
assessment of oxidative and antioxidant effects, and 
detection of lipid accumulation by oil-red staining. All 
samples are run in triplicate. 

Assessment of Lipid Accumulation in Adipocytes’ 
Harvested Cells 

A variety of measures were employed to evaluate the 
growth of an obesity-like phenotype. These include 
assessing the shape of the cell by enhancing the 
development of lipid droplets and using Oil Red O 
staining to show the accumulation of lipids.  

Oil red O (ORO) Stain for Adipogenesis: Lipids 
accumulate in the adipocyte cell as a single lipid 
droplet during the development procedure. This 
suggests that white pre-adipocytes grown into adult 
white adipocytes (Konige et al., 2014). To assess the 
amount of lipid accumulation in adipocytes treated 
cells by EC50 values of EtOAc Fr., aqueous Fr. and MSM 
during the period of differentiation process (4-13 
days), stained by ORO from Sigma-Aldrich (O0625) 
(Kraus et al., 2016). The differentiated cells were 
carefully washed with PBS after the culture media was 
aspirated to get rid of anything that remained. After 
that, the adipocytes were fixed by incubating them for 
half an hour at room temperature in 3.7% 
formaldehyde, cleaned with tap water three times 
and stained with a 3 mg/mL ORO solution in 
isopropanol for 15 minutes to see the lipid droplets. 
To get rid of extra ORO, the cells were cleaned three 
times using distilled water. Using an inverted 
microscope and labomed camera software (USA) to 
observe the mature cells which were stained with 
ORO. On other hand, Atlas 16MP Cmos USB Camera 
software, which is an image analysis program was 
used to examined photos.  

Quantification the Lipid Content: The ORO dye was 
dissolved in DMSO and then added to a 96-well plate 
at volume 100 μL per well. The absorbance of each 
well was measured using a microplate reader at a 
wavelength of 510 nm on a spectrophotometer (ELx 
800; Bio-Tek Instruments Inc., Winooski, VT, USA). 

Measurement of Lipid Profiles 

After removing the differentiation medium from the 
plate-based cells, it was washed with PBS three times, 
harvested, and homogenized with saline solution. The 

cells were collected for measurement of the lipid 
profile as well as the antioxidant and oxidative effects 
inside the cells, according to the manufacture of kits 
in triplicate.  

Triglyceride Level: Triglycerides are fat-soluble 
molecules that are either stored in the liver or fat cells 
and give the body energy. High TG contributes to 
metabolic syndrome and obesity, which in turn lead 
to atherosclerosis (Ginsberg et al., 2021). TG content 
was determined using the End Point Colorimetric 
Triglycerides kit (cat. no. SU035; Reactivos GPL, 
Barcelona, Spain), which was based on the formation 
of a red quinone.  

Cholesterol Level: Several metabolic functions, such 
as the production of certain hormones and cell 
development, depend on cholesterol. High levels of 
cholesterol can increase risk of heart disease 
(Rahmati et al., 2019). The end point colorimetric 
cholesterol kit (cat no. SU013; Reactivos GPL, 
Barcelona, Spain) measures the total quantity of 
cholesterol contained in the sample and finds a direct 
correlation with the intensity of the quinoneimine 
color 

HDL-C: HDL collects and transports excess cholesterol 
from the blood stream to the liver, where it is 
processed and eliminated from body, and elevated 
HDL-C (good cholesterol) can lower your risk of heart 
disease and stroke (Sabatine et al., 2017). Using 
phosphotungstate to precipitate LDL and VLDL 
lipoproteins from serum or plasma in the presence of 
magnesium ions, the clear supernatant containing 
HDL is removed using centrifugation. Measuring HDL 
cholesterol using the End Point Colorimetric HDL-
Cholesterol Kit (cat. no.: SU0141; Reactivos GPL, 
Barcelona, Spain). 

LDL-C: The majority of the cholesterol in body is 
composed of LDL-C, frequently referred to as "bad" 
cholesterol. LDL-C at a high level increases the risk of 
heart disease (Lloyd-Jones et al., 2022). The LDL-C was 
calculated using the following equation: LDL-C = (Total 
Cholesterol – HDL-C) – TG/5. 

Measurement of Oxidative Markers 
MDA Level: An increase in the level of MDA 
represents an oxidative decomposition product of 
polyunsaturated fatty acids in the cells, a marker of 
lipid peroxidation and antioxidant status (Cordiano et 
al., 2023; Gaweł et al., 2004). The MDA was 
determined in serum by the Draper and Hadley 
method (1990) using the MDA colorimetric assay kit, 
catalog No: E-BC-K025-S, Elabscience Biotechnology, 
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USA. Utilizing the molar extinction coefficient of MSM 
(1.56 × 105 mol/L/cm), the quantity of the reactive 
chemical thiobarbituric acid was determined using 
the formula: A=ΣCL, the variables are absorbance (A), 
molar coefficient (Σ), concentration (C), and route 
length (L). The outcomes were given as µMol/L of 
sample. 
NO Level: Superoxide or oxygen radicals react with 
nitric oxide to produce endogenous reactive nitrogen 
species which have been implicated in the 
pathogenesis of many diseases. cardiovascular 
dysfunction (Pacher et al., 2007).  The amount of 
nitrite in the culture medium was measured as an 
indicator of NO production by the Colorimetric Assay 
Kit (catalog no. E-BC-K035-M, Elabscience 
Biotechnology, USA). The absorbance was measured 
at 550 nm on a microplate reader. The nitrite 
concentration was calculated using the sodium nitrite 
standard curve.  

CAT Assay: The body's catalase enzyme facilitates the 
breakdown of hydrogen peroxide into water and 
oxygen to protect tissues from damage by peroxide, 
which is constantly created by a variety of metabolic 
processes (Nandi et al., 2019). Using the colorimetric 
kit, cat no: EBC-K031-S, Elabscience Biotechnology, 
USA. Samples were diluted by PBS (0.01 M, pH 7.4). In 
the range of 100–200 U/mL, the reaction that catalase 
decomposes H2O2 can be quickly stopped by 
ammonium molybdate. The residual H2O2 reacts with 
ammonium molybdate to generate a yellowish 
complex. CAT activity can be calculated by producing 
the yellowish complex at 405 nm. CAT activity can be 
calculated by producing the yellowish complex at 405 
nm. 

TAC Assay: By using the phosphomolybdenum 
technique, the total antioxidant capacity (T-AOC) of 
the EtOAc. Fr. and aqueous Fr. of the plant was 
evaluated by the Colorimetric Assay kit (cat. no. E-BC-
K136-M, Elabscience Biotechnology, USA), with less 
modification according to the protocol described by 
Prieto et al. (1999). The absorbance was measured at 
695 nm against a blank. Total antioxidant capacity 
(TAC) was expressed as tannic acid equivalent (TAE). 

Statistical Methods & Analysis for Data 

The gathered data had been revised, coded, 
tabulated, and placed on a PC using Graph Pad Prism 
Software (San Diego, US). The data are displayed as 
means, standard deviation (± SD), and range for  
 
 

parametric numerical data. After determining the 
statistical significance of the difference between more 
than two study group means using the Analysis of 
Variances (ANOVA) test, the Post-Hoc test was utilized 
to determine whether the three group means were 
equal. The P-values ≤0.05 and <0.01 are significant 
and highly significant, respectively. 

RESULTS AND DISCUSSION 
Lipase Inhibitory Assay In vitro 

Lipase inhibitory assays are a common method for 
determining the potential of a natural product's anti-
obesity drug (Abdel-Sattar et al., 2014). Pancreatic 
lipase inhibitory activity was evaluated for E. r. subsp. 
schimperi extract (crude ethanol, 70%). The inhibitory 
activity due to monitoring the transformation of p-
nitrophenyl butyrate (pNPB) to p-nitrophenol by the 
crud extract E. r subsp. schimperi at different 
concentrations (0.25, 0.5, 1, 2,.., 500 μg/ml) had a 
moderate inhibitory effect with an IC50 86.91± 4.3 
µg/ml compared with the standard (Orlistat) followed 
by five fractions of the plant. The highest inhibition of 
lipase enzyme was for aqueous Fr. and EtOAc Fr. at IC50 
of 18.15 ± 1.24 and 27.51 ± 2.94 µg/ml, respectively, 
followed by BtOH Fr., and CHCl3 Fr., with IC50 of 55.64 
± 2.68 and 78.59 ± 40 µg/ml, respectively. Table1. The 
inhibitory effect of orlistat is still relatively higher than 
that of EtOAc Fr. and aqueous Fr. of the plant. 
Therefore, the effects of aqueous and ethyl acetate 
fractions were used to determine their ketogenic 
effect on HFD adipocyte cells at ex vivo. 

EC50 of EtOAc. Fr., Aqueous Fr., and MSM in HFD-AD   

The EC50 values in high-fat diet-induced adipose tissue 
(HFD-AD) cells treated with different concentrations 
of EtOAc. Fr., aqueous Fr., and MSM ranging from 
0.001 to 100 µg/ml for 48 hours were evaluated. The 
EC50 values of EtOAc. Fr. and aqueous Fr. were 
0.147±0.003 and 0.249±0.025 µg/ml, respectively 
(Figure 1). However, the EC50 of MSM is 0.093±0.02 
µg/ml. EC50 of the EtOAc, aqueous and MSM fractions 
represented as doses to treatment obesity caused by 
a high-fat diet adipose tissue cell.           

The ketogenic effect of EtOAc. Fr. and aqueous Fr. on 
HFD-AD cells 

The ketogenic effect was evaluated for EtOAc. Fr. and 
aqueous Fr. on HFD-AD compared with untreated 
cells, and the lipid profiles (C, TG, HDL-C, and LDL-C), 
MDA, NO, CAT, and TAC were evaluated in the cells. 
All samples are run in triplicate. 
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Cell Morphology Using ORO and Lipid Content    

The morphological investigation of HFD-AD cells 
treated with EtOAc. Fr. and aqueous compared by 
untreated cells by an inverted microscope with a 200x 
magnification shows Oil Red O staining of HFD 
adipocytes cells after treatment by EtOAc Fr., 
aqueous Fr. and MSM at doses of 0.147±0.003, 
0.249±0.025 and 0.093±0.02 µg/ml for 48 hours, 
respectively. As a result, MSM minimized lipid 
droplets (size and numbers) followed by aqueous Fr. 
and EtOAc. Fr., respectively, compared to untreated 
cells Figure 2. EtOAc. Fr. and aqueous Fr. significantly 
reduce lipid content compared to untreated cells 
(p<0.0001); however, the aqueous Fr. exhibits a 
marked reduction in lipid content compared to 
EtOAc. Fr. (p<0.0001). Thus, the aqueous Fr. shows a 
significant decrease in lipid content (Figure 3).  

Lipid Profile 
Triglyceride Level: Figure 4a, demonstrated that 
EtOAc. Fr., aqueous Fr., and MSM significantly 
reduced triglycerides compared to HFD adipocytes (p 
< 0.0001). The aqueous Fr. performed better than 
EtOAc Fr. at mild significant difference (p= 0.0026). 
No significant difference was detected between the 
effects of aqueous Fr. and MSM on the triglyceride 
level p=0.0539. While the significant difference 
between MSM and EtOAc Fr. on the triglyceride level 
(p=0.0001). 

Cholesterol level: Both fractions exhibit a significant 
effect on cholesterol levels compared to untreated 
cells. The treatment with aqueous Fr. caused a slight 
decrease in the level of cholesterol, whereas aqueous 
Fr. maintained a cholesterol level closer to MSM with 
a non-significant difference (p = 0.2800). The ANOVA 
analysis shows a non-significant difference in the 
cholesterol levels between all the groups (p > 0.05), 
except that there is a significant difference between 
the aqueous Fr. and EtOAc. Fr. groups (p = 0.0163) 
Figure 4b.  

High-Density lipoprotein Cholesterol (HDL-C): The 
effects of EtOAc Fr., aqueous Fr. induced on HFD 
adipocytes significantly increase HDL-cholesterol 
levels compared to untreated cells (p<0.05). But the 
effect of aqueous Fr. is non-significant compared to 
MSM (p = 0.8773) and EtOAc. Fr. in comparison to 
MSM (p = 0.4432). Thus, the increase in HDL-C is 
particularly noticeable in aqueous Fr. (Figure 4c). 

Low-Density lipoprotein Cholesterol (LDL-C): EtOAc 
Fr. and aqueous Fr. significantly reduce LDL-C levels  

  

Table1. Inhibition of lipase enzyme by the crude extract of plant and 
its fractions against the standard drug in vitro. 

Fraction/ Drug IC50 µg/ml 
Crude extract 86.91 ± 4.31 
Hex.Fr. 247.22 ±7.89 
CHCl3 Fr. 78.59 ± 4.31 
EtOAc Fr. 27.51 ± 2.94 
BtOH Fr. 55.64 ± 2.68 
Aqueous Fr. 18.15 ±1.24 
Orlistat 5.27 ± 0.62 

 

 
Figure 1. EC50 of EtOH Fr, aqueous Fr. and MSM in HFD-AD. Data are 
presented as mean and standard deviation. *: significant difference 
compared to EtOH Fr., #: significant difference compared to MSM. 
 
compared to untreated cells. In contrast, no 
significant difference in LDL-C levels was associated 
with aqueous Fr. and MSM (p > 0.05). There was a 
significant difference between EtOAc. Fr. and MSM (p 
= 0.0046), as confirmed by the ANOVA analysis 
(Figure 4d).       

Oxidative Markers 
Malondialdehyde level: The level of MDA was 
significantly decreased in the HFD-AD cells treated by 
aqueous Fr. compared to untreated cells; however, 
EtOAc. Fr. did not. The impact of aqueous Fr. and 
MSM on the MDA level did not differ significantly (p > 
0.05) Figure 5a. This reduction in MDA may indicate 
that the aqueous had an improved antioxidant 
capacity. 

Nitric oxide level: The effect of MSM, EtOAc. Fr., and 
aqueous Fr. on HFD adipocytes significantly reduced 
nitric oxide levels compared to untreated cells 
(p<0.05). The non-significant of the aqueous Fr. vs. 
MSM p>0.05. This demonstrates the substantial effect 
of the aqueous Fr. on nitric oxide levels Figure 5b.  
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Figure 2. (a) untreated HFD adipocytes, (b) cells incubated with 
EtOAc. Fr. (c) cells incubated with aqueous Fr. (d) cells incubated 
with MSM. Photomicrographs show Oil Red O staining of cells 48 
hours after incubation Magnification, x200. The upper images show 
the cells morphology captured with using an inverted microscope 
LABOMED. camera software, USA), and the images analyzed by the 
image analysis software (Atlas 16MP Cmos USB Camera software). 

 

Figure 3. The lipid content in each group after being normalized to 
the untreated cells. *: statistical significance compared to the 
untreated cells (NC), #: statistical significance compared to the 
EtOAc. Fr. treated cells, Δ: statistical significance compared to the 
MSM (PC). 
 

Antioxidant Effect in HFD Adipocytes 
Catalase level: In contrast with HFD-AD cells, aqueous 
and MSM fractions dramatically increase catalase 
activity Figure 5c. Compared to MSM, the aqueous Fr. 
significantly increased the level of CAT enzyme (p = 
0.0036). In reverse, the influence of EtOAc. Fr. 
compared to MSM showed a significant difference at 
p = 0.0006. 

Total Antioxidant Capacity: A significant increase in 
TAC was associated with the incubation of 
differentiated cells with aqueous Fr. and EtOAc. Fr. 
compared with HFD-AD in Figure 5d. There is a 
marked increase in the level of TCA in HDF AD treated 
by aqueous Fr. compared to MSM, with a significant 
difference of P = 0.0062. While EtOAc. Fr. versus MSM 
had p<0.0001.  

According to the previously mentioned data, the 
hydroethanolic extract of E. r. ssp. schimperi aerial 
parts possessed an inhibition of the lipase enzymes in 
vitro with an IC50 86.91 ± 4.3 µg/mL, and by using 
bioassay-guided fractionation for crude extract to 
give Hex. Fr., CHCl3 Fr., EtOAc. Fr., BtOH Fr., and 
aqueous Fr., the fractions were screened also for the 
inhibition of the lipase enzymes in vitro. The findings 
indicated that the aqueous Fr., of the plant showed 
the greatest inhibition of lipase enzymes at IC50 18.15 
± 1.24 µg/ml, followed by the EtOAc. Fr.  at IC50 27.51 
± 2.94 µg/ml. This result was confirmed by Jaradat et 
al. (2017).   Meanwhile,  EtOAc. Fr.,  aqueous Fr.  and  

a) 

b) 

c) 

d) 

50µm 

50µm 

50µm 

50µm 

https://pubmed.ncbi.nlm.nih.gov/?term=%22Jaradat%20N%22%5BAuthor%5D
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Figure 4. Ketogenic effect of EtOHAc.Fr. and Aqueous Fr. in HFD-
adipocytes cells. (a) Triglycerides in culture media, (b) Total 
Cholesterol level, and (c) HDL-cholesterol level, (d) LDL-cholesterol 
level. Data are presented as mean and standard deviation. *: 
statistical significance compared to the untreated cells (NC), #: 
statistical significance compared to the EtOAc. Fr. eated cells, Δ: 
statistical significance compared to the MSM (Positive control, PC). 

 

Figure 5. Antioxidative effect of EtOAc. Fr. and aqueous Fr. in HFD-
adipocyte cells. (a) malonaldehyde level in culture media; (b) nitric 
oxide level; (c) catalase activity; and (d) TAC. Data are presented as 
mean and standard deviation. *: statistical significance compared 
to the untreated cells (NC), #: statistical significance compared to 
the EtOAc. Fr. treated cells, Δ: statistical significance compared to 
the MSM. 
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MSM on HFD-AD cells at doses of 0.147±0.003, 
0.249±0.025 and 0.093±0.02 µg/ml, respectively, ex 
vivo established that, the aqueous Fr. significantly 
decreased the levels of triglycerides, cholesterol, LDL-
C, lipid content and lipid droplet (size and numbers). 
It also improved HDL-C in HFD adipocytes compared 
to EtOAc. fraction.  Moreover, the aqueous Fr. 
reduced the oxidative marker (MDA and NO) levels 
and increased the antioxidant markers (CAT and TAC). 
As a result, the aqueous Fr. may reduce fat by 
lowering adipogenesis, blocking adipocyte 
differentiation, and improving lipid 
metabolism. Hence, the aqueous Fr. may have an 
antiobesity impact by treating HFD-induced obesity, 
boosting energy consumption, alleviating metabolic 
disorders by improving lipid profiles, reducing 
oxidative stress, and enhancing antioxidant defense. 
The impact of the aqueous Fr. on HFD-AD could be 
attributed to the presence of antiobesity phenolic 
compounds from various classes, including 
flavonoids, phenolic acids, coumarin derivatives, and 
pentacyclic triterpenes, as analyzed by LC-ESI-
MS/MS. These compounds aid in obesity 
management by enhancing calorie consumption, 
reducing adipogenesis, preventing adipocyte 
differentiation, and modulating lipid metabolism, as 
mentioned in earlier research (Yen et al., 2020). The 
bioavailability, metabolism, and biological activity of 
phenolic compounds depend upon the configuration, 
total number of hydroxyl groups, and substitution of 
functional groups (Kumar and Pandey, 2013). 
Flavonoid O-glycosides hydrolyze readily to produce 
their aglycone, which may be absorbed by cells 
quickly (Xie et al., 2022). The aqueous fraction was 
proven to include several well-known antiobesity 
agents including flavonoids that were most found in 
the fraction: flavanol, flavone, and their O-glycosides. 
The predominant flavonoid in this fraction is 
myricetin-O-rhamnoside, which in previous research 
(Kim et al., 2019) showed that it increases energy 
exhaustion and decreases hepatic triglyceride 
accumulation, fatty acid synthase in the liver, 
adipocyte size, adipose tissue mass, and dyslipidemia. 
Also, myricetin had a modified antiobesity effect by 
preventing diet-induced obesity, reducing oxidative 
stress, hypercholesterolemia, and 
hypertriglyceridemia. According to Su et al. (2016), 
quercetin and luteolin convert white adipocytes to 
brown, enhance energy consumption, and improve 
the metabolism of fat and glucose to prevent weight 
gain and metabolic diseases (Zhang et al., 
2019). Additionally, on a high-fat diet, quercetin 

prevents obesity and metabolic disorders by 
improving antioxidant levels, adipogenesis, and 
adipose tissue inflammation (Dong et al., 2014). 
Furthermore, kaempferol enhanced antioxidant 
defense by reducing lipid peroxidation and 
suppressing lipid accumulation (Hossain et al., 2016). 
Gallic acid regulates adipocyte hypertrophy and 
suppresses inflammatory gene expression induced by 
the paracrine interaction between adipocytes and 
macrophages in vitro and in vivo (Tanaka et al., 2020). 
Ethyl gallate diminished the early stage of 
adipogenesis in 3T3-L1 cells by decreasing PPARγ and 
C/EBPα expression levels, which could induce 
adipogenesis (Ahn et al., 2022).  p-Coumaric acid 
inhibited the development of preadipocytes and 
skeletal muscles by minimizing the primary 
transcription factors and their related diseases 
(Ilavenil et al., 2016). Also, Yang et al. (2024) found 
that esculin reduces the effects of obesity-induced 
insulin resistance by enhancing adipose tissue 
remodeling and stimulating the 
PI3K/IRS1/GLUT4/AKT pathway. Mohsen et al. (2019) 
stated that betulinic acid is an effective therapy for 
the prevention of obesity and may be able to modify 
cofactors to control PPAR gamma activation. Also, it 
prevents abdominal fat accumulation in mice fed a 
high-fat diet (Lin et al., 2009). Additional research 
showed that pancreatic lipase activity was inhibited 
by oleanolic acid (OA) (Oboh et al., 2021). Besides, OA 
suppressed the inflammatory response during 
adipocyte development, and nano-OA was effective 
in treating the metabolic dysfunction that a high-fat 
diet causes in rats (Feng et al., 2020). Finally, asiatic 
acid is a hepatic protective agent against liver damage 
caused by a high-fat diet (Yan et al., 2014), and 
arjunolic acid showed a high potency as an 
antioxidant (Ghosh and Sil, 2013). 

LC- ESI-MS/MS for Aqueous Fr.  

In this study, twenty-five compounds were tentatively 
identified in the aqueous Fr. of E. r. ssp. schimperi by 
LC-ESI-MS/MS in both positive and negative ionization 
modes. The identification of compounds in this 
fraction was based on mass fragmentation patterns 
and the standard data reported in the published 
literature and database. The compounds in Table 2 
were positioned in accordance with RT, including 
phenolic acid, flavonoids, and pentacyclic triterpenes, 
and contained O-glycosides. In previous research, 
they were easily broken down by hydrolysis to give 
neutral fragments corresponding to the sugar units 
and aglycone (Xie et al., 2022; Kachlicki et al., 2016). 
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Figure 6. LC-ESI-MS –ve (a) and +ve (b) modes. of E.r subsp. schimperi aqueous fraction. 

 
Table 2. The suggested compounds in the aqueous Fr. by LC ESI-MS/MS analysis in both negative and positive ionization modes. 

NO RT (min) MWt. -ve/ +ve MS/MS fragments Tentatively compound Reference 
1 2.668 C9H8O3 + 164.9 163, 146, 119 p-Coumaric acid 

 
Razgonova et al., 2021. 

2 
 

3.147 C7H6O5 -  169 124.97, 106.98 Gallic acid 
 

Shi et al., 2022. Boritnaban et 
al., 2022. 

3 3.210 C8H8O5 -  183 168.15,  124 ,6,  109, 78.02 Methyl gallate Singh et al., 2016. 
4 4.278 C13H16O10 -  331 169, 153, 125 O-galloylglucose Singh et al., 2016. 
5 9.681 C15H17O11 -  371 209, 191. caffeoyl glucaric acid isomers Fernández-Poyatos et al., 2019. 
6 9.823 C21H20O13 -  479 333-331-317 myricetin-O-β-D- hexoside Blajan et al., 2006. 
7 
 

9.014 
10.076 

C21H20O12 + 465   
- 463 

464.9, 319, 318, 273.09, 179.02, 
174.7,152.09, 316,271, 179, 151 

Myricetin-O-deoxyhexose Rached et al., 2017. 
Nguyen et al., 2013. 

8 10.308 C21H20O12 -  463 316,271, 179, 151 Myricetin-O-deoxyhexose Rached et al., 2017. 
9 10.572 C21H20O12 -  463 316,271, 179, 151 Myricetin-O-deoxyhexose Rached et al., 2017. 
10 10.352 C15H10O8 + 319 318.89, 272, 216, 164, 152, 137 Myricetin Nguyen et al., 2013. 
11 10.883 C23H24O12 -  493 492.96, 316, 271, 151 myricetin-O-glucuronide Barbosa et al., 2006. 
12 10.943 C9H10O5 -  197 168.97, 140.03, 124.99 78.01 Ethyl gallat Singh et al., 2016. 
13 11.136   C21H20O11 -  447.4 446,9, 3013, 300, 271, 255., 179, 

151. 
Quercetin-O- rhamnoside  Pereira et al.,2017. 

Kerebba et al., 2022. 
14 11.413 C15H10O7 + 303 303, 302 Quercetin Jang et al., 2018. 
15 11.452 C21H19O10 -  431 431, 285.0, 255, 227 Kaempferol O- rhamnoside Li et al., 2016. 

Hassan et al., 2018. 
16 12. 215 C27H30O15 -  593 593, 447, 284.97, 256.9, 243, 

241,199, 151, 132.9 
Luteolin O –rutinoside Brito et al., 2014. 

17 13.196 C15H10O6 -  285 284.96, 217.12, 199.12, 151.08, 
133,09 

Luteolin Sliwka-Kaszynska et al., 2022; 
Brito et al.,2014. 

18 14.586 C30H48O5 -  487.2 469.40, 421.3, 409.31, 379, 277.2, 
203.2, 221.2 

2a, 3a, 24-trihydroxyurs-12-en-
28-oic acid 

Ceccacci et al., 2022. 
Xia et al., 2015. 

19 16.462 C15H16O9 -  339 337, 293, 194, 178, 177, 173, 149, 
131 

Esculin Abd El Aziz et al., 2024 

20 17.065 C36H56O9 -  631 631.3, 455.1 Oleanolic acid-O-
glucuruopyranosyl 

Ngoc et al., 2022 

21 17.202 C30H48O4 -  471 453, 425, 380, 203, 177. Hydroxy betulinic acid. Okba et al., 2021. 
22 20.91 C40H58O5 -   617 617, 455.2, 407,391, 377, 363, 203 Oleanolic acid 3-O-α-glycoside Ngoc et al., 2022. 
23 21.331 C30H48O3 + 457 248, 203, 207, 189, 175. betulinic acid Abdel Ghani et al., 2023. 
24 21.946 C30H50O3 -  455.5 407, 391, 377, 363, 203 Oleanolic acid Chen et al., 2011. 
25 27.901 C30H49O2 + 441 382, 205, 189, 163, 107 (20S)-3-Oxolupan-30-al Mutai et al.,2007. 
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Figure 7. Basic structures of the 25 phytochemical compounds that have been tentatively identified from the aqueous fraction by LC ESI-MS/MS 
analysis : (1) p-coumaric acid, (2) gallic acid, (3) methyl gallate, (4) O-galloylglucose, (5) caffeoyl  glucaric acid isomers, (6) myricetin-3-O-β-D- 
hexoside, (7, 8, 9) Myricetin O-deoxyhexose, (10) Myricetin, (11) myricetin -O-glucuronide, (12) ethyl gallat, (13) quercetin - O- rhamnoside, (14) 
quercetin, (15) Kaempferol -O rhamnoside, (16) Luteolin- O –rutinoside, (17) Luteolin (18) 2a, 3a, 24-trihydroxyurs-12-en-28-oic acid, (19) Esculin, 
(20) oleanolic acid-O-glucuruopyranosyl, (21) Hydroxy  betulinic acid, (22) Oleanolic acid 3-O-α-glycoside, (23) betulinic acid, (24) Oleanolic acid, 
(25) (20S)-3-Oxolupan-30-al. 
 
Some of the mass spectra of those phenolic 
compounds showed the aglycone ion as myricetin, 
quercetin, kaempferol, luteolin, and oleanolic acid as 
a result of the loss of sugar moieties like deoxyhexosyl 
(rhamnose), hexosyl (glucose or galactose), 
glucuronyl (glucuronic acid), and ruinously (-146, -
162, -176, and -308 Da), respectively (Llorent-
Martínez et al., 2015). The structures of the most 
relevant compounds are shown in Figures 6 and 7 and 
listed in Table 2. 

Phenolic Acids. Peaks 2, 3, 4, and 12 represent 
phenolic acids. Gallic acid was discovered to be the 
[M-H]- ion peak 2 at m/z 169.01 (Shi et al., 2022; 

Boritnaban et al., 2022). The loss of CO2 (-44 Da) 
resulted in a base peak at m/z 124.97, while the 
combination of CO2 and H2O at -62 Da gave rise to a 
peak at m/z of 106.98. The peaks at m/z of 125 and 
107 confirmed gallic acid.  Peaks 3 and 12 were 
discovered at m/z 183.03 and 197.05, which matched 
the [M-H]- ions of methyl and ethyl gallate. 
Fragmentation showed peaks at 168.07 and 168.97, 
respectively, and further fragments at 124.6 [M-H-
CH3-CO2]- and 124,99 [M-H-C2H5-CO2]-. These 
compounds have been verified according to Singh et 
al. (2016), peak 4, molecular ion at m/z 331, [M-H]- 
resulted in the elimination of hexose moiety (-162) to 
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(17) R= H
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yield gallic acid at m/z 169. Our result suggested that 
the peak was O-galloylglucose and it was confirmed 
by the literature as a type of tannin (Singh et al., 
2016).  Peak 5 suggested that the compound was 
postulated to be caffeoyl glucaric acids. The peak ion 
detected at m/z 371 (M-H)- lost a caffeoyl group (m/z 
-162) to give fragmentation patterns at m/z 209 and 
191 in the negative mode, which indicated glucaric 
acid. The literature supported our findings 
(Fernández-Poyatos et al., 2019). Peaks (1) p-
coumaric acid at m/z 165 [M+H]+, p-coumaric acid 
exhibited a base peak at m/z 119 (M-H-44) due to the 
loss of CO2. Our findings were verified by previous 
research (Razgonova et al., 2021). 

Coumarin Derivatives: Peak 19 suggested esculin at 
[M-H]- m/z 339.13. Esculin was identified with 
fragment ion m/z 177, which refers to the loss of m/z 
-162 hexoside moiety with fragmentation pattern 
(173, 149, and 131). Our result was supported by the 
library of LC-mass spectra of aquoeus Fr. and 
confirmed with [Abd El Aziz et al., 2024].  

Flavonoid Compounds: They were the predominant 
compounds in the aqueous Fr., with a special focus on 
myricetin deoxyhexose, which was seen at peaks 7, 8, 
and 9 molecular ions showed at m/z 463 (M-H)- and 
fragmentation gave myricetin aglycon at m/z 318 due 
to the released deoxyhexose moiety (-146). The 
findings we obtained were supported by before 
studies (Rached et al., 2017). Additionally, it was in a 
positive manner at peak 7 m/z 465 (M+H)+ (Nguyen et 
al., 2013). Also, peaks 6 and 11, at m/z 479 (M-H)- and 
m/z 493 (M-H)- were tentatively identified as 
myricetin-3-O-hexoside and myricetin-3-O 
glucuronide, respectively, where they lost the 
hexoside moiety (-162) and the glucuronic acid (-176). 
The findings we obtained were supported by earlier 
studies (Blajan et al., 2006; Barbosa et al., 2006). 
Myricetin aglycone is produced by all peaks 6, 8, 7, 9, 
and 11, fragmented at 317, 271, 151, 137 in the -ve 
mode and at 319, 273, 153 in the +ve mode. 
Additionally, Peak 10 probably showed that myricetin 
aglycone produced molecular ion (M+H)+ at m/z 319 
and that it exhibited distinctive fractionation at m/z 
318, 151, and 137. These findings were corroborated 
by the results reported by Thuan et al. (2013). 
Furthermore, the peak 15 at m/z 431 (M-H)- 

kaempferol-3-O-deoxyhexose was estimated and 
gave a fragment at m/z 285.0 corresponding to 
kaempferol, which was identified as an aglycone by 
the characteristic fragments at m/z 255 and 227 (Li et 
al., 2016) due to the elimination of -146 deoxyhexose. 
Our findings aligned with the published data (Hassan 

et al., 2018).  Moreover, compound (13) exhibited at 
m/z 447 [M-H]- with a fragment peak at 301 (M-H-
146)-, which was ascribed to the removal of the 
deoxyhexose moiety and gave fragments at m/z 301, 
271, 285, 179, and 151, indicating quercetin (Pereira 
et al., 2017). As a result, the peak was possibly 
recognized as quercetin-3-O-rhamnosid, or 
quercetrin, our findings concur with (Kerebba et al., 
2022). Besides, quercetin aglycone peak 14 detected 
at (M+H)+ m/z 303, present in library data of LC 
MS/MS analysis of aqueous Fr. of the plant and 
fragmentation of it gave ion peak at m/z 302 similar 
to the literature data at (Jang et al., 2018). Added to 
that, flavone peak 16 showed [M−H]− ion at m/z 593 
was probably identified as luteolin O- rutinoside 
loosed of m/z -146 deoxyhexose, which on further 
loss of 162 (hexoside moiety) to produced ion peak at 
m/z 285 which is luteolin with characteristic fragment 
patterns of  284.99, 267, 217, 151, and 133 in peak 17 
in negative mode supported by literature data 
(Sliwka-Kaszynska et al., 2022; Brito et al., 2014).  

Pentacyclic Triterpenes: Four pentacyclic olean-type 
triterpenes the structure of 2α, 3β, 23-trihydrolean-
12-en-28-oic acid (arjunolic acid), a peak (18) is 
suggested at m/z 487.3 (M-H)-.  Our results correlated 
with other studies, which found fragmentation 
patterns of 469.40, 421.3, 409.31, 379 and 203 
(Ceccacci et al., 2022; Xia et al., 2015). Abase peak of 
oleanane and ursane type m/z 203 (Lourenço et al., 
2021). Peak (24) was identified as oleanolic acid 
showed a typical peak ion at m/z 455 and revealed 
fragmentation at m/z 407, 391, 377, 363, and 203, 
corresponding to fragments of deprotonated 
oleanolic acid aglycone, which was confirmed by 
(Chen et al., 2011). Besides that, Peak (20) showed 
molecular ions [M-H]- was exhibited at m/z 631. The 
peak's fragmentation revealed peak at m/z 455 
(aglycone of oleanolic acid) that was produced due to 
the loss of glucuronic acid (-176). This compound is 
oleanolic acid-O-glucuruopyranosyl. The results that 
we obtained were validated by research (Ngoc et al., 
2022). Also, peak (22) at m/z 617 (M-H)- loosed H2O (-
18), C2O (-44) and -120 (characteristic of hexose 
fragmentation) to give m/z 455 (oleanolic acid 
aglycone), This saponin could therefore be attributed 
to the oleanolic acid O-glucopyranoside Our 
outcomes are reinforced by prior research (Ngoc et 
al., 20).  

Three pentacyclic lupane-type triterpenes. Peak (25) 
revealed a molecular ion at m/z 441.1 [M + H]+ was 
suggested to be 20S-3-Oxolupan-30-al. The 
compound showed a fragment peak at m/z 382 [(M + 
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H) – 59]+, revealing the loss of aldehyde and ethyl 
groups from m/z 441 in addition, m/z 205, 189, 163, 
and 107. Our result is described by (Mutai et al., 
2007). According to the peak (21) mass spectrum, the 
molecular ion at m/z 471 [M-H]-. This ion fragmented 
at m/z 453 (M-H-CO) and m/z 425 (M-H- 2CO). Peak 
patterns at 380, 203, and 177 are also present. This 
implied the presence of hydroxybetulinic acid. The 
outcomes acquired by previous research (Okba et al., 
2021). A molecular ion at m/z 457 [M+H]+ was 
observed at peak (23), which was tentatively 
identified as betulinic acid. Other fragments were 
betulinic acid-specific MS2 fragment ions at m/z 248 
[C16H24O2]+, 203 [248-COOH]+, 189 [207-H2O]+, and 
175 (Abdel Ghani et al., 2023). 

CONCLUSION 
The results of this investigation demonstrated that 
the aqueous fraction of E. racemosa subsp. schimperi 
was a potent inhibitor of lipase enzymes and that it 
decreased adipogenesis in HFD-AD cells. This was 
confirmed by a significant reduction in the levels of 
TG, C, LDL-C, lipid content, and lipid droplets (number 
and size) and increased HDL-C. Furthermore, the 
aqueous fraction showed an increase in CAT and TAC 
and a decrease in MDA and NO. These results were 
linked to many compounds from various classes that 
were detected by LC-MS/MS in the aqueous fraction. 
Thus, the aqueous fraction may have an antiobesity 
effect, with enhancing lipid profile, lowering oxidative 
stress, and strengthening antioxidant defence. 
Considering the published data, most of these results 
showed statistical significance, which supports the 
validity of our findings. Further research and clinical 
trials may be needed to fully understand the 
therapeutic effects of the compounds isolated from 
the plant against obesity. 
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