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Abstract 
Background: The chloroform fraction (CHCl₃ Fr.) of Euclea 
racemosa subsp. schimperi has enormous interest for its 

potential therapeutic properties in managing diabetes 

and oxidative stress-related conditions. This study aimed 

to evaluate the chemical composition and biological 

activities of CHCl₃ Fr. through LC-ESI-MS/MS and GC-MS 

analyses. Methods: The CHCl₃ Fr. was analyzed using LC-

ESI-MS/MS for identification of bioactive compounds, and 

its inhibitory effects on α-amylase and α-glucosidase were 

assessed in vitro. Additionally, the impact on insulin 

secretion, C-peptide levels, and oxidative stress markers 

(MDA and NO) were measured. Results: Nineteen 

bioactive compounds, including flavonoids, pentacyclic 

triterpenes, and monounsaturated fatty acids, were 

identified in the chloroform fraction (CHCl₃ Fr.). It 

significantly inhibited α-amylase and α-glucosidase, with 

IC₅₀ values of 21.16 ± 2.13 and 13.49 ± 0.83 µg/ml, 

respectively. In insulin-resistant Huh7 cells, CHCl₃ Fr. 

reduced glucose levels and increased insulin and C-

peptide levels (p < 0.05). While it decreased 

malondialdehyde and nitric oxide, it did not significantly 

enhance catalase or total antioxidant capacity (p > 0.05).  
 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

Compared to metformin, CHCl₃ Fr. showed less efficacy 

but may improve insulin resistance and reduce oxidative 

stress, likely due to its bioactive compounds. Conclusion: 

The presence of diverse bioactive compounds contributes 

to the antidiabetic effects of CHCl₃ Fr. from E. r. ssp. 

shimperi, showed its potential as a natural therapeutic 

agent for diabetes management and oxidative stress 

reduction. Further investigations are warranted to explore 

its clinical applications and underlying mechanisms. 
Keywords: E. r. ssp. schimperi, bioactive compounds, insulin resistance, 

α-amylase, oxidative stress 

 
Introduction 

Insulin resistance arises from either inadequate insulin secretion or 
a diminished capacity of insulin to facilitate glucose absorption, 
leading to postprandial hyperglycemia, and disturbances in protein, 
lipid, and carbohydrate metabolism, as well as cellular oxidative 
stress (Telagari & Hullatti, 2015). Oxidative stress results when 
reactive species overwhelm antioxidant defenses, causing cellular 
damage (Mishra & Mishra, 2017). This process notably impacts the 
heart and peripheral vascular systems (Steiner et al., 1967). 
Oxidative stress markers such as malondialdehyde (MDA) and 
nitric oxide (NO) increase due to protein, lipid, and DNA oxidation 
(Gaweł et al., 2004; Yang et al., 2011). Antioxidant markers include 
catalase (CAT), which catalyzes the conversion of hydrogen 
peroxide into water and oxygen, and total antioxidant capacity 
(TAC), a non-enzymatic marker that reflects overall antioxidant 
status (Tamil et al., 2010; Torun et al., 2009). 

Insulin resistance manifests in reduced responsiveness of the 
responsiveness of the liver, muscles, and adipose tissue to insulin's 
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physiological functions (Ormazabal et al., 2018). e in vitro Huh7-
IR cell model is widely used for pharmacological and metabolic 
research focused on hepatic insulin resistance. is model is created 
by inducing insulin resistance in the Huh7 cell line through high-
glucose exposure, followed by treatment with metformin to 
counteract the effects of excessive insulin. e Huh7 cell line, 
derived from well-differentiated hepatocellular carcinoma, closely 
mimics primary human hepatocytes (Villalva-Pérez et al., 2020). 
Insulin, a natural hormone produced by pancreatic islets, aids 
cellular glucose utilization for energy (Steiner et al., 1967; Villalva-
Pérez et al., 2020). 
C-peptide, released from pancreatic beta cells during insulin 
cleavage from proinsulin, remains in the bloodstream longer than 
insulin, providing a more reliable indicator of insulin secretion in 
liver disease (Rigler et al., 1999; Leighton et al., 2017). Acarbose, a 
pharmaceutical inhibitor of α-glucosidase and α-amylase, helps 
regulate postprandial blood glucose and can reduce diabetes-related 
complications (Mechchate et al., 2021). Metformin, a standard 
therapy, effectively reduces insulin resistance and associated 
biomarkers in the IR-Huh7 model (Villalva-Pérez et al., 2020). 
Although insulin and oral hypoglycemic agents help manage 
hyperglycemia and lower diabetes risk, they are oen accompanied 
by side effects (Gong et al., 2020). As a result, identifying safe, plant-
based antidiabetic agents has gained attention due to their lower 
cost and fewer adverse effects (Grover et al., 2002). 
Plants in the Euclea genus (family Ebenaceae) possess antidiabetic, 
anticancer, and antioxidant properties (Botha, 2016). Euclea 
racemosa subsp. schimperi (E. r. ssp. schimperi) is rich in bioactive 
secondary metabolites, including anthraquinones, pentacyclic 
triterpenes, saponins, fatty acids, phenolic acids, coumarins, and 
flavonoids (Mekonnen et al., 2018). Traditionally, it is used in 
Kenyan medicine to manage diabetes mellitus and in other 
treatments, such as for cancer, toothaches, diarrhea, malaria, and 
skin irritations (Odukoya et al., 2022; Taye et al., 2023). is plant 
exhibits significant antioxidant activity, attributed to its high levels 
of flavonoids like quercetin, myricitrin, myricetin-3-O-
arabinopyranoside, and rutin (Asres et al., 2006). Furthermore, 
methyljuglone isolated from this plant has been shown to inhibit the 
formation of 12(S)-HETE, an inflammatory mediator (Wube et al., 
2005). 
is study evaluates the inhibitory effects of the methanolic extract 
and fractions of E. r. ssp. schimperi on α-glucosidase and α-amylase 
enzymes. e most effective fraction is then applied to an insulin-
resistant human cell model (IR-Huh7) to measure levels of insulin, 
glucose, C-peptide, oxidative biomarkers (MDA and NO), and 
antioxidant indicators (CAT and TAC). is fraction is further 
analyzed using GC-MS and LC-MS/MS for compound 
identification. 
 

2. Materials and Methods 
2.1. Plant Material 
The aerial parts of Euclea racemosa subsp. schimperi (A.DC.) F. 
White, family Ebenaceae, were collected from the Elba mountain 
region. Dr. Mahmoud Ali, Associate Professor of Plant Ecology at 
the Desert Research Centre herbarium, confirmed the plant’s 
identification, assigning it a voucher number (CAIH-1254-R). 
2.2. Extraction and Fractionation 
After collection, the aerial parts of E. racemosa subsp. schimperi 
were washed with distilled water, air-dried, and finely ground. 
Using the maceration technique, 1.5 kg of powdered plant material 
was extracted with 80% ethanol (4.5 L per extraction) every 48 
hours at room temperature. The collected extracts were 
concentrated under reduced pressure at 45°C until dry, yielding 
67.32 g of dried extract. Initial biological screening assessed the 
crude extract's potential as an α-glucosidase and α-amylase 
inhibitor. The entire extract was then fractionated through bio-
guided liquid-liquid partitioning in a separating funnel. The extract 
was suspended in 600 ml of 70% aqueous methanol and partitioned 
using n-hexane, chloroform, ethyl acetate, butanol, and water to 
obtain fractions: n-hexane (Hex. Fr., 12 g), chloroform (CHCl3 Fr., 
11.29 g), ethyl acetate (EtOAc Fr., 8.93 g), butanol (BtOH Fr., 15.52 
g), and aqueous (aqueous Fr., 19.30 g). The most bioactive fraction 
was subsequently evaluated in vitro on the insulin-resistant Huh7 
cell model. Phytoconstituents in this fraction were identified using 
GC-MS and LC-ESI-MS techniques. 
2.3. Enzymatic Inhibition Assays In Vitro 
2.3.1. α-Amylase Inhibition Assay 
The α-amylase inhibitory activity was tested with a diluted plant 
extract in 1% dimethyl sulfoxide (DMSO) at various concentrations 
(0.25 to 500 μg/ml). The α-amylase inhibitory activity was evaluated 
following the protocol of the α-amylase Inhibitor Screening Kit 
95035 (USA) as described by Telagari et al. (2015). 
2.3.2. α-Glucosidase Inhibition Assay 
The α-glucosidase inhibitory activity was measured for extracts 
dissolved in DMSO across concentrations ranging from 0.25 to 500 
μg/ml in phosphate buffer. The assay followed the α-glucosidase 
Inhibitor Screening Kit protocol (Catalog # K938-100; 100 assays) 
according to Shai et al. (2011). 
2.4. Cell Line Preparation 
The Huh7 cell line, a well-differentiated hepatocellular carcinoma-
derived line, was sourced from Nawah Scientific in Cairo, Egypt, in 
a 25-ml T-culture flask. All reagents were from Gibco, Thermo 
Fisher Scientific, Germany. After removing the culture medium, the 
cells were washed three times with Dulbecco’s phosphate-buffered 
saline (PBS; NaCl 0.138 M, KCl 0.003 M, pH 7.4). The Huh7 cells 
were subcultured in Dulbecco's Modified Eagle Medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS), 1% 
antibiotic/antimycotic solution, high glucose (4.5 g/l), L-glutamine, 
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sodium pyruvate, and PSA [1% penicillin G sodium (10,000 IU), 
streptomycin (10 mg), and amphotericin B (25 μg)]. Cells were 
incubated at 37°C in a 5% CO₂ atmosphere and monitored until 
they reached 70% confluence. The cells were then harvested using 
0.25% trypsin-EDTA. Cells from the third and fourth passages, 
which exhibited optimal viability, were used in subsequent 
experiments (Woźniak & Paduch, 2012). 
2.4.1. Induction of an Insulin-Resistant (IR) Model 
Insulin resistance in Huh7 cells was induced following the protocol 
by Jakovljevic et al. (2021). Cells were treated with human insulin 
(Catalog No. 11061-68-0, Sigma-Aldrich, USA) at a concentration 
of 60 nM (10 mU/ml) for 24 hours to develop IR through chronic 
exposure. Non-IR Huh7 control cells were cultured in medium 
without fetal bovine serum (FBS) for 24 hours. Following treatment, 
the cells were stabilized in supplemented medium after washing 
three times with PBS. Insulin resistance was confirmed by 
measuring glucose and insulin levels, as described by Villalva-Pérez 
et al. (2020). 
2.4.2. Preparation of CHCl₃ Fraction for Treatment 
To assess the effect of the CHCl₃ fraction on cells, 0.1 g of semisolid 
CHCl₃ fraction was dissolved in 1% dimethyl sulfoxide (DMSO), 
sonicated briefly (5 seconds), aliquoted, and stored at -20°C as a 
stock solution. A working solution was prepared by diluting the 
stock with 1% DMSO to achieve concentrations ranging from 0.001 
to 100 µg/ml for EC₅₀ determination. Metformin (purity ≥97.9%, 
Sigma-Aldrich, St. Louis, MO, USA, CAS#: 657-24-9) was prepared 
similarly. 
2.4.3. EC₅₀ Determination for CHCl₃ Fraction 
The cell proliferation effect of the CHCl₃ fraction was measured 
using the Vybrant® MTT Cell Proliferation Assay Kit (Catalog No. 
M6494, Thermo Fisher, Germany) following Liu et al. (1997). This 
colorimetric assay is based on the reduction of yellow MTT to 
purple formazan crystals. All treatments were conducted in 
triplicates. 
2.5. Effect of CHCl₃ Fraction on Huh7 Cells 
After inducing insulin resistance, cells were washed three times 
with PBS, followed by supplementation with fresh media. Cells were 
seeded at 5 × 10⁵ cells/well in 96-well plates, treated with CHCl₃ 
fraction and metformin at their respective EC₅₀ doses for 48 hours, 
washed with PBS, and cultured in medium without FBS. Various 
assays were conducted to evaluate the effects on insulin sensitivity 
and glucose metabolism. 
2.5.1. Glucose Levels 
Glucose levels in IR-Huh7 cells were measured using an endpoint 
colorimetric assay with the glucose kit (Catalog No. SU019, 
Reactivos GPL, Barcelona, Spain), which measures glucose 
oxidation to gluconic acid catalyzed by glucose oxidase. 

2.5.2. Insulin Levels 
The insulin levels in treated cells were determined using a human 
insulin ELISA assay (Catalog No. E-EL-H2665, Elabscience 
Biotechnology, USA) following the sandwich-ELISA principle. 
2.5.3. C-Peptide Levels 
C-peptide levels were measured using the human C-Peptide ELISA 
Kit (Catalog No. EH-0387, Fine Test, Wuhan, China) via enzyme-
linked immunosorbent assay (ELISA). 
2.6. Oxidative Biomarkers: MDA and NO 
2.6.1. MDA Assay 
Malondialdehyde (MDA) levels were assessed using the 
thiobarbituric acid reactive substances (TBARS) method according 
to Draper and Hadley (1990), with the MDA colorimetric assay kit 
(Catalog No. E-BC-K025-S, Elabscience Biotechnology, USA). 
2.6.2. NO Assay 
Nitric oxide (NO) levels were quantified by measuring nitrite in the 
culture medium, as an indicator of NO production, using the Nitric 
Oxide colorimetric assay kit (Catalog No. E-BC-K035-M, 
Elabscience Biotechnology, USA). 
2.7. Antioxidative Biomarkers: CAT and TAC 
2.7.1. TAC Levels 
Total antioxidant capacity (TAC) was measured using the TAC 
colorimetric assay kit (Catalog No. E-BC-K136-M, Elabscience 
Biotechnology, USA) following the method described by Prieto et 
al. (1999), with absorbance measured at 695 nm. 
2.7.2. CAT Levels 
Catalase (CAT) activity was measured using the CAT Activity 
Colorimetric Kit (Catalog No. EBC-K031-S, Elabscience 
Biotechnology, USA). The assay detects the formation of a yellow 
complex measured at 405 nm. 
2.8. GC-MS Analysis of the CHCl₃ Fraction 
The chloroform fraction from aerial parts of E. racemosa subsp. 
schimperi was analyzed by gas chromatography-mass spectrometry 
(GC-MS) using a Thermo Scientific Trace GC-ISQ mass 
spectrometer with a direct capillary column (TG-5MS, 30 m × 0.25 
μm, 0.25 μm film thickness). The column oven temperature was 
initially set at 50°C, increased by 5°C/min to 250°C, and then to 
300°C at 30°C/min, holding for 2 minutes. Helium was used as the 
carrier gas at a flow rate of 1 mL/min. The injector and MS transfer 
line temperatures were maintained at 270°C and 260°C, 
respectively. The diluted sample was injected in split mode, using 
an AS1300 auto-sampler. Mass spectra were obtained in full scan 
mode (50–650 m/z) with 70 eV ionization voltage, and components 
were identified by comparing spectra with the NIST 14 and WILEY 
09 databases (Abd El-Kareem et al., 2016). 
2.9. LC-ESI-MS Analysis of the CHCl₃ Fraction 
The CHCl₃ fraction from E. racemosa subsp. schimperi was 
analyzed using liquid chromatography-electrospray ionization-
tandem mass spectrometry (LC-ESI-MS/MS) on an Exion LCAC 
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system with a SCIEX Triple Quad 5500+ MS/MS detector and an 
Ascentis® Express C18 column (2.1 × 150 mm, 2.7 μm). The mobile 
phases were 5 mM ammonium formate (pH 3) and acetonitrile, 
with the following gradient: 5% B at 0–1 min, 5–100% B at 1–20 
min, 100% B at 20–25 min, and 5% B at 25.01–30 min. Flow rate 
was 0.3 ml/min, with injection volume set to 5 μL. The source 
temperature was 500°C, with gas pressures of 45 psi for ion sources 
1 and 2, 25 psi curtain gas, and ion spray voltages of -4500 V 
(negative mode) and 5500 V (positive mode). The collision energies 
were set at -35 and 35 for negative and positive ionization modes, 
respectively. MS-DIAL software was used to identify compounds 
(Hassan, 2022). 
2.10 Statistical Analysis 
Data were analyzed using GraphPad Prism 8.4.2 (San Diego, USA). 
Results are presented as means ± standard deviation (SD) for 
parametric data. Statistical significance was determined using 
ANOVA, followed by post hoc tests for comparisons between 
multiple groups. Significance was set at p ≤ 0.05, with p < 0.01 
indicating high significance. 
 
3. Results 
The ethanol extract (80%) from E. racemosa subsp. schimperi aerial 
parts was fractionated via chromatography into five distinct 
fractions: hexane (Hex Fr.), chloroform (CHCl₃ Fr.), ethyl acetate 
(EtOAc Fr.), butanol (BtOH Fr.), and aqueous (Aqueous Fr.). Each 
fraction was subsequently tested for its inhibitory effects on α-
amylase and α-glucosidase enzymes, revealing that the CHCl₃ 
fraction exhibited the most potent inhibitory action in vitro. 
Consequently, CHCl₃ Fr. was selected for further evaluation of its 
effects on insulin resistance in diabetes (IRD) using Huh7-IR cells. 
Chemical profiling of this fraction was carried out via GC-MS and 
LC-ESI-MS. 
3.1. Inhibition of α-amylase and α-glucosidase by CHCl₃ Fraction 
Inhibiting α-glucosidase and α-amylase enzymes is beneficial in 
controlling blood glucose levels in type 2 diabetes, as it helps reduce 
the postprandial rise in glucose (Tundis et al., 2010). The crude 70% 
ethanolic extract of E. racemosa displayed moderate inhibitory 
effects on α-amylase and α-glucosidase with IC₅₀ values of 99.78 ± 
4.92 and 85.73 ± 3.64 µg/ml, respectively. Guided by bioactivity, 
fractionation produced five distinct fractions, each tested for 
enzyme inhibition potential, yielding significant results for CHCl₃ 
Fr., which had IC₅₀ values of 21.16 ± 2.13 µg/ml and 13.49 ± 0.83 
µg/ml for α-amylase and α-glucosidase inhibition, respectively. 
However, the IC₅₀ values were slightly higher than the standard 
drug acarbose, which showed IC₅₀ values of 12.30 ± 0.89 µg/ml for 
α-amylase and 3.13 ± 0.43 µg/ml for α-glucosidase (Table 1). 
These findings underscore the significant inhibitory potential of 
CHCl₃ Fr. on α-amylase and α-glucosidase. Although it was slightly 
less effective than acarbose, it nonetheless demonstrates a potent 

antidiabetic activity. This result prompted further evaluation of 
CHCl₃ Fr.’s antidiabetic effects on Huh7-IR cells by measuring 
various diabetes markers, including glucose, insulin, and C-peptide 
levels, as well as antioxidant markers (CAT and TAC) and oxidative 
stress markers (MDA and NO). 
3.2. Viability of IR-Huh7 Cells Treated with Metformin and 
CHCl₃ Fraction 
To assess cell viability and the impact of CHCl₃ Fr. and metformin 
on IR-Huh7 cells, treatments were applied at various 
concentrations (0.001 to 100 µg/ml) over a 48-hour period. Cell 
viability in IR-Huh7 cells was observed to be favorable at the EC₅₀ 
concentrations of CHCl₃ Fr. (4.89 ± 2.25 µg/ml) and metformin 
(0.022 ± 0.003 µg/ml), which were selected as the effective treatment 
doses for IR-Huh7 cells (Figure 1). This viability analysis highlights 
the promising therapeutic effect of CHCl₃ Fr. at appropriate 
dosages. 
These results lay a foundation for further exploring CHCl₃ Fr. as a 
potential antidiabetic agent, particularly given its notable enzyme 
inhibitory activity and the favorable cellular response in insulin-
resistant models. 
3.3. Glucose, Insulin, and C-peptide Levels in Huh7-IR Cells 
Compared with NC Group 
To assess the impact of CHCl₃ Fr. on Huh7-IR cells over 48 hours, 
cells were treated with 4.89 ± 0.25 µg/ml of CHCl₃ Fr. and compared 
to untreated cells (negative control, NC) as well as to cells treated 
with 0.022 ± 0.003 µg/ml metformin (positive control). 
3.3.1. Glucose Levels 

Treatment with CHCl₃ Fr. significantly reduced glucose levels in 
Huh7-IR cells compared to untreated cells (p < 0.05), as shown in 
Figure 2a. Metformin treatment resulted in a more pronounced 
decrease in glucose levels compared to both untreated cells (p < 
0.001) and CHCl₃ Fr. treated cells (p < 0.05), underscoring its 
stronger glucose-lowering effect (Figure 2a). 
3.3.2. Insulin Levels 

Increased insulin levels were observed in both CHCl₃ Fr. and 
metformin-treated groups, indicating improved glucose regulation. 
Insulin levels were significantly higher than in the control group, 
with p-values of <0.05 for CHCl₃ Fr. and <0.0001 for metformin. 
Moreover, metformin demonstrated a statistically significant 
advantage over CHCl₃ Fr. (p < 0.0001), suggesting enhanced insulin 
production potential (Figure 2b). 
3.3.3. C-peptide Levels 

Consistent with the insulin findings, C-peptide levels significantly 
improved in CHCl₃ Fr. and metformin groups compared to 
untreated cells (p < 0.05 and p < 0.0001, respectively). This suggests 
that both CHCl₃ Fr. and metformin enhance insulin secretion and 
facilitate glucose uptake in Huh7-IR cells, reducing insulin 
resistance (Figure 2c). These results collectively indicate that CHCl₃ 
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Fr. mitigates insulin resistance in Huh7-IR cells, though metformin 
remains more effective. 
3.4. Levels of MDA and NO in IR-Huh7 Cells 
MDA and NO levels were significantly reduced in the CHCl₃ Fr. 
group compared to the NC group (p < 0.05), as shown in Figures 3a 
and 3b. Additionally, a significant difference was observed between 
CHCl₃ Fr. and metformin groups (p = 0.0001), indicating the 
potential of CHCl₃ Fr. to attenuate oxidative stress in IR-Huh7 cells, 
albeit less effectively than metformin. 
3.5. Levels of CAT and TAC in IR-Huh7 Cells 
No significant changes in CAT and TAC levels were observed in 
cells treated with CHCl₃ Fr. compared to untreated cells (p > 0.05). 
However, metformin treatment significantly elevated CAT and 
TAC levels relative to the control group (p < 0.001), highlighting 
metformin’s notable antioxidant capacity (Figures 3c and 3d). 
3.6. GC-MS Analysis of CHCl₃ Fraction of E. r. ssp. schimperi 
The CHCl₃ Fr. composition of E. racemosa subsp. schimperi was 
analyzed using GC-MS, yielding 25 tentatively identified 
compounds eluted between 20.09 and 41.78 minutes (Figure 4). 
Identification was based on comparisons with the NIST, NBS, and 
Wiley libraries. Table 2 lists the major bioactive compounds, 
including 14 fatty compounds (71.97%), mainly unsaturated fatty 
acids (45.1%). Notable compounds include 9-octadecenoic acid (Z) 
(25.69%), cis-vaccenic acid (12.13%), erucic acid (5.32%), and cis-
11-eicosenoic acid (1.96%). The composition also included fatty 
acid esters (24.04%) and small proportions of saturated fatty acids, 
glycerides, triterpenes, and sesquiterpenes, with 9-octadecenoic 
acid (oleic acid) as the most abundant constituent. 
These findings provide insights into the bioactive potential of 
CHCl₃ Fr. for antidiabetic therapy, supported by its chemical profile 
rich in fatty acids and other functional bioactive compounds. 
3.7. LC-ESI-MS Analysis of CHCl₃ Fraction of E. r. ssp. schimperi 
The chemical profile of the CHCl₃ fraction from E. r. ssp. schimperi 
was investigated using LC-ESI-MS/MS for comprehensive 
identification of compounds. The analysis utilized both positive 
(+ve) and negative (-ve) ionization modes, examining retention 
times (Rt), molecular ions, and MS/MS fragment ions to elucidate 
compound structures. Literature data were then cross-referenced to 
confirm tentative identifications. Nineteen compounds, 
representing classes such as flavonoids, phenolic acids, and 
triterpenes, were identified based on LC-ESI-MS chromatograms in 
both ionization modes (Figure 5, Table 3). Among them were 
notable flavonoids including kaempferol, myricetin, and quercetin, 
as well as triterpenes in aglycone or glycosylated forms. Glycoside 
groups were identified through the neutral losses of hexoside and 
deoxyhexose at m/z 162 and 146, respectively (Spínola et al., 2015). 
3.8. Flavonoid Compounds: 
Compound 1 was identified in both ionization modes, with 
molecular ions at m/z 465 (M+H)+ and 463 (M-H)-, showing 

fragmentation at m/z 319 [(M+H)-146]+ and 316.9 [(M-H)-146]-, 
corresponding to deoxyhexose loss. Fragmentation patterns suggest 
myricetin aglycone with peaks at m/z 319 (+ve) and 317 (-ve), 
consistent with myricetin-O-deoxyhexoside, possibly myricitrin 
(Nguyen et al., 2013; Abu-Reidah et al., 2015). 
Compound 2 exhibited ions at m/z 447 (M-H)- and 449 (M+H)+, 
with characteristic fragment peaks at m/z 301 [(M-H)-146]- and 
303 [(M+H)-146]+. This fragmentation pattern, alongside ions at 
m/z 179, 151, and 121, is consistent with quercetin-O-
deoxyhexoside, likely quercitrin (Pereira et al., 2017; Chaudharya et 
al., 2011; Abu-Reidah et al., 2015). 
Compound 3, kaempferol-O-rhamnoside, was tentatively 
identified based on the peak at m/z 431 (M-H)- and 433 (M+H)+, 
with major fragments at m/z 285.0 and 286.9, indicating 
deoxyhexose loss and the presence of kaempferol aglycone (Li et al., 
2016; Chaudharya et al., 2011). 
Compounds 6 and 7 were detected at m/z 287 (M-H)- and 271 (M-
H)-. The former is attributed to eriodictyol aglycone based on 
fragments at m/z 135 and 151, while the latter is identified as 
naringenin with fragment peaks at m/z 177, 151, and 119 (Vijayan 
et al., 2019; Goufo et al., 2020). 
Compound 8 at m/z 331 (M+H)+ is identified as tricin with 
characteristic fragmentation patterns at m/z 315 [(M+H)-CH3]+ 
and 300 [(M+H)-2CH3]+, confirming its flavone structure (Li et al., 
2016). 
Compound 9 was identified as dihydroxy dimethoxy flavone with 
an [M-H]- ion at m/z 313, fragmenting to m/z 283, indicative of 
methoxy loss. This result aligns with previous reports on flavonoid 
composition (Attia et al., 2022). 
The compounds identified in the CHCl₃ fraction of E. r. ssp. 
schimperi exhibit significant structural diversity and bioactive 
potential, supporting their potential therapeutic effects in metabolic 
and antioxidant applications. The major flavonoid compounds, 
including myricetin, quercetin, and kaempferol derivatives, are 
shown in Table 3 and Figure 5, providing a detailed characterization 
of the chemical profile in this fraction. 
Other Compounds 
Compound 10: The molecular ion [M+H]⁺ was detected at m/z 181, 
with a fragmentation pattern showing m/z 163 [(M+H)-H₂O]+, 135 
[(M+H)-H₂O-CO]+, and 89. This pattern tentatively identified the 
compound as caffeic acid, aligning with previous findings (Avula et 
al., 2020; El-Tantawy et al., 2022). 
Compound 12: Identified as hexahydroxydiphenoyl (HHDP) 
galloylglucose, this compound showed [M-H]- at m/z 633, with 
MS² data revealing a fragment at m/z 481 [(M-H)-152] indicating 
loss of a galloyl moiety and a further fragment at m/z 301 [(M-H)-
332]- corresponding to the HHDP unit (El-Sayed et al., 2021). 
Compound 4: Detected at m/z 202.2 [M+H]+, this compound had 
fragments at m/z 172 [(M+H)-OCH₃]+, 144 [(M+H)-OCH₃-CO]+,  
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Table 1. IC50 values of different fractions of Euclea racemosa subsp schimperi against α-amylase and α-glycosidase 
Fractions/ acarbose IC50 µg/ml 

α-amylase α-glycosidase 
Crude ethanolic 70% 
Hex. Fr. 
CHCl3 Fr.    
EtOAc Fr. 
BtOH Fr. 
Aqueous Fr. 
Acarbose  (drug) 

99.78±4.92 
58.59 ±3.96 
21.16 ± 2.13 
182.66 ± 8.21 
130.75±6.23 
163.68± 7.95 
12.30±0.89 

85.73 ±3.64 
49.17±1.79 
13.49± 0.83 
122.10± 4.19 
103.51±3.94 
   90.62± 3.87 
    3.13±0.43 

IC50 valueIs is the half-maximal inhibitory concentration,  IC50 calculated as  ± SD (n = 3). 

 

 
Figure 1. EC50 of CHCl3 and Metformin in IR-Hub cells was a half maximum effective concentration. 

 

 
Figure 2. The effect of  CHCl3 Fr. in IR-Huh7 cells on (a) glucose level in culture media, (b) insulin level, and (c) C-peptide level.  

 

 

 
Figure 3. (a) Malonaldehyde level and (b) Nitric oxide level. (c) Catalase activity, and (d) Total antioxidant capacity in IR-Huh7 cells by CHCl3. All 

data are presented as mean and standard deviation. *: statistical significance compared to the IR-Huh7 cells (NC), #: statistical significance compared 

to the CHCl3 Fr. Δ: statistical significance compared to the Metformin (PC).  
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Figure 4. GC-mass analysis of CHCl3 from of E.r. ssp. schimperi aerial parts. 
 
Table 2. Phyto-components identified in the non-polar extract of E.r ssp. schimperi aerial parts by GC-MS: 

NO.  
RT 

Peak of area%  
M`WT. 

 
Molecular 
Formula 

 
Compound 

1 20.08 1.79 232 C10H20N2O4 1,3-Propanediol, 2-methyl-2-(1-methylpropy l)-, dicarbamate 
2 21.08 0.56 312.49 C19H36O3 Octadecanoic acid, 9,10-epoxy methyl ester, cis- 
3 23.07 0.96 338 C21H26N2O2 Aspidospermidine-3-carboxylic acid, 2,3-didehydro-, methyl ester, (5à,12á,19à)- 
4 24.56 0.42 268 C16H28O3 Z-(13,14-Epoxy) tetradec-11-en-1-ol Acetate 
5 25.39 0.41 400 C28H48O Cholestan-3-ol, 2-methylene-, (3á,5à)- 
6 27.08 12.13 256 C16H32O2 7 cis-vaccenic acid 
7 28.57 2.83 284 C18H36O2 Hexadecanoic acid, ethyl ester 
8 30.29 25.69 282 C18H34O2 9-Octadecenoic acid (Z)- 
9 30.71 1.10 280 C15H20O5 01297107001 TETRANEURIN - A – DIOL 
10 31.41 0.55 270 C17H30O2 Hexadecadienoic acid, methyl ester 
11 31.54 2.83 282 C18H34O2 Hexadecanoic acid 
12 33.58 1.96 310 C20H38O2 cis-11-Eicosenoic acid 
13 34.50 0.49 294 C19H34O2 Z, E,E, -1,3,12-Nonadecatriene-5,14-diol 
14 35.99 2.64 330 C19H38O4 Hexadecanoic acid, 2,3-dihydroxypropyl ester 
15 36.79 5.32 338 C22H42O2 Erucic acid 
16 38.25 0.70 308 C20H36O2 Linoleic acid ethyl ester 
17 38.67 4.97 356 C21H40O4 9-Octadecenoic acid (Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl ester 
18 39.61 0.75 414 C29H50O STIGMAST-5-EN-3-OL, (3á,24S)- 
19 40.21 5.48 444 C30H52O2 9,19-Cyclolanostane-3,7-diol 
20 40.30 4.19 878 C57H98O6 Trilinolein 
21 40.50 3.53 444 C28H44O4 9-Octadecenoic acid, (2-Phenyl-1,3-Dioxolan-4-YL) methyl ester, cis- 
22 40.62 4.96 620 C39H72O5 2-Hydroxy-3-[(9E)-9-Octadecenoyloxy]Propyl (9E)-9-Octadecenoate # 
23 40.82 2.28 444 C30H52O2 Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(16)-diepoxy- 
24 41.44 6.71 354 C21H38O4 9,12-Octadecadienoic acid (Z,Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl ester 
25 41.78 1.55 884 C57H104O6 9-Octadecen+oic acid, 1,2,3-propanetriyl ester, (E,E,E)- 
                                                                                                                                                94.8 % 

 
 

 
Figure 6. Fundamental structures of the tentatively identified compounds from CHCl3 Fr.: (1) myricetin O-deoxyhexoside, (2) quercetin-O-
deoxyhexoside, (3) kaempferol-O-deoxyhexoside (4) methoxy-methyl-1,4-naphthoquinone; (5) ethyl 1,3-dihydroxy-2-naphthoate; (6) eriodictyol; 
(7) naringenin; (8) tricin; (9) dihydroxy dimethoxy flavone; (10) caffeic acid; (11) oleanane-type triterpenoids; (12) hexahydroxydiphenoyl (HHDP) 
galloylglucose; (13) (4α)‐23‐hydroxy betulinic acid; (14) α-amyrin acetate; (15; 17) betulinic acid; (16) betulinaldehyde; (18) α-amyrin; (19) oleanolic 
acid 
 

R1=R2=R3= OH (1)
R1=R2= OH R3 =H (2)
R1=R3=H R2=OH (3) 

R1= R2= OH (6)
R1= H R2 = OH (7)

R1=R3= OCH3 R2= OH (8)
R1=R2= OCH3 R3=H (9)

R1= OH (18)
R1=CH3COO (14)
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Figure 5. LC-ESI-MS –ve (a) and +ve (b) modes. of E.r. subsp. schimperi CHCl3 Fraction. 

 
Table 3. e suggested Phytochemicals in the CHCl3Fr. by LCESI-MS analysis in both negative and positive ionization modes. 

NO. RT 
(min) 

M.F. -
ve/+ve 
m/z 

MS/MS fragments  
Tentatively compound 

Referance 

1 9.324 
8.697  

C21H20O12 463    - 
465    + 

462.9, 316.99, 316.03, 271, 171.12, 
151. 
464.9, 319, 318, 273.09, 179.02, 
174.7,152.09  

 
Myricetin-O- deoxy hexoside 

Nguyen et al. 2013 Pereira et al. 
2017 
Chaudharya et al. 2011 
Abu-Reidah et al.2015 

2 10.23 
9.474  

C21H20O11 
 

447.4  - 
 
449    + 

446,94, 301.03, 300.01, 271, 255.07, 
179, 151.07. 
449, 302.87, 373.75, 256.68, 153.06 

 
Quercetin-O- deoxyhexoside 
 

Kerebba et al. 2022 
Chaudharya et al. 2011 
Abu-Reidah et al.2015 

3 10.022  
10.638  

C21H19O10 431    - 
433   + 

285.0, 254.5, 252.8, 169.0 
287.05, 257.74, 170.86 

Kaempferol-O deoxyhexoside  Hassan et al 2018 
Chaudharya et al. 2011 
Abu-Reidah et al.2015 

4 10.653  C12H10O3 202    + 202 187, 172, 144, 142, 103, 89, 77  methoxy-methyl--1,4-naphthoquinone Raspotnig et al. 2017 
5 10.878  C13H12O4 233    + 233, 218, 190,161 Ethyl 1,3-dihydroxy-2-naphthoate Boritnaban et al. 2022 
6 10.934  C15H12O6 287    - 151, 135 Eriodictyol Vijayan et al.2019 

7 11.722 C15H12O5 271    - 177, 151, 119 Naringenin   Goufo et al. 2020 
Attia et al. 2022 
Esteban et al., 2020 

8 11.836 C15H10O5 331     - 315, 300, 178, 153 Tricin Li et al. 2016 

9 12.009 C18H34O4 313     -   283 dihydroxy dimethoxy flavone Attia et al. 2022  

10 13.235 C9H8O4 + 181.1  - 163, 189, 135 Caffeic acid Avula et ai. 2022; El-Tantawy 
et al. 2022 

11 14.547 C20H18O14 469     - 469, 423, 407  oleanane type triterpenoids Li et al. 2019 

12 17.048 C41H28O27 633.2  - 481, 421, 339, 301, 249 Hexahydroxydiphenoyl (HHDP) 
galloylglucose  

El-Sayed et al. 2021 

13 17.193 C30H46O3 471     - 453, 425, 380, 203, 177 (4α)‐23‐hydroxy betulinic acid  Okba et al. 2021 

14 18.547 C32H52O2 468     + 468.8, 219 α-amyrin acetate  Ipav et al.,2022 

15 18.680 C30H48O3 457     + 457, 439.35, 411.36, 393.35, 189  betulinic acid  Okba et al. 2021 
16 20.794 C30H48O2 441     + 440.2891, 2.27 [M+H]+ 441, 315, 

286 
Betulinaldehyde  Haque et al., 2005 

17 22.034 C30H48O3  455.4   - 455.15, 407, 377, 363, 248, 207, 189.  Betulinc acid  Wu et al. 2024 

18 23.644 C30H50O 426     + 219, 207, 189.  α-amyrin  Viet et al. 2021 
Quintão et al, 2014 

19 23.840 C40H58O5 455.3  - 455.3, 407,391, 377, 363, 203 oleanolic acid Chen et al. 2011  
Lourenço et al. 2021 

 

 

https://pubchem.ncbi.nlm.nih.gov/#query=C12H10O3
http://www.chemspider.com/Search.aspx?q=C15H10O5
https://pubchem.ncbi.nlm.nih.gov/#query=C32H52O2
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and further fragment peaks at 103 and 89, suggesting it may be 
methoxy-methyl-1,4-naphthoquinone (Raspotnig et al., 2017). 
Compound 5: Displaying [M+H]+ ions at m/z 233, 218, 190, and 
161, this compound was tentatively annotated as ethyl 1,3-
dihydroxy-2-naphthoate, supported by prior research (Boritnaban 
et al., 2022). 
Pentacyclic Triterpenes: 
Compound 11: A molecular ion at m/z 469 [M-H]- showed 
fragment patterns at m/z 425 ([M-H]-COOH)- and 407 ([M-H]-
COOH-H₂O)-, consistent with typical oleanane-type triterpene 
fragmentation, suggesting oleanane triterpenoids (Salih et al., 
2017). 
Compound 19: A single molecular ion at m/z 455.3 [M-H]- 
displayed fragment ions at m/z 407 [(M-H)-H₂O] and 391, 377, and 
363, tentatively identified as oleanolic acid based on literature 
references (Chen et al., 2011). Characteristic m/z 203 peaks 
supported this identification, highlighting an oleanane skeleton 
with carboxylic or aldehyde groups (Lourenço et al., 2021). 
Compound 14: Detected with a molecular ion [M+H]+ at m/z 468, 
along with fragments at 219 and 203, this compound was tentatively 
identified as α-amyrin acetate, corroborated by previous studies 
(Ipav et al., 2022). 
Compound 18: Suggested as α-amyrin (3β-hydroxyurs-12-en-3-ol) 
with a [M+H]+ ion at m/z 426.3 and fragment peaks at m/z 407 
[M+H-18]+ due to H₂O loss, with additional fragments at 219, 207, 
and 189, consistent with existing literature (Viet et al., 2021; 
Quintão et al., 2014). 
Compound 13: Molecular ions were observed at m/z 471 [M-H]- 
with fragment ions at m/z 453, 425, 380, 203, and 177, indicative of 
hydroxy betulinic acid (Okba et al., 2021). 
Compound 15: With [M+H]+ at m/z 457, fragmentation patterns 
at m/z 439.35 [(M+H)-H₂O]+, 411.36 [(M+H)-COOH]+, and 
further fragments at m/z 203.17 and 189 suggest a triterpene, 
potentially lupane-type triterpenes or betulinic acid aglycone 
(Buzgaia et al., 2021). 
Compound 17: In the negative mode, this compound displayed a 
[M-H]- ion at m/z 455.15 with fragmentation indicating losses of 
formaldehyde and water, consistent with lupane-type triterpenes 
(Wu et al., 2024). 
Compound 16: Preliminary analysis showed betulinaldehyde with 
a molecular ion at m/z 441.3 [M+H]+ and fragment peaks at m/z 
423 [(M+H)-H₂O]+, 411 [(M+H)-HCHO]+, and 407 [(M+H)-
H₂O-CH₃]+. Peaks at m/z 203, 189, and 41 [C₃H₅]+ confirm it as a 
lupeol-class triterpenoid, with findings consistent with existing 
literature on betulinaldehyde (Haque et al., 2005). 
 
4. Discussion 
These findings highlight that the chloroform fraction (CHCl₃ Fr.) 
from E. r. ssp. shimperi exhibits promising antidiabetic activity by 

inhibiting key enzymes, enhancing insulin secretion, and 
improving glucose regulation. Specifically, CHCl₃ Fr. demonstrated 
substantial inhibition of α-amylase and α-glucosidase enzymes, 
which play a central role in carbohydrate metabolism, subsequently 
aiding in the modulation of glucose levels and reduction of insulin 
resistance in IR-Huh7 cells. This fraction also reduced oxidative 
stress markers, including malondialdehyde (MDA) and nitric oxide 
(NO), though it did not exhibit significant antioxidant effects on its 
own. The observed effects are likely attributable to the presence of 
multiple bioactive compounds, particularly flavonoids, pentacyclic 
triterpenes, and monounsaturated fatty acids, which were identified 
through LC-MS/MS and GC-MS analyses. 
4.1 Enzyme Inhibition:  
The inhibitory action of CHCl₃ Fr. on α-amylase and α-glucosidase 
can be linked to flavonoid constituents, such as myricetin-O-
rhamnoside and quercetin-O-rhamnoside (Liu et al., 2021), 
eriodictyol and naringenin (Li et al., 2019), and 
hexahydroxydiphenoyl (HHDP) galloylglucose (Lachowicz et al., 
2022). These flavonoids have shown enzyme-inhibitory activity in 
previous studies, suggesting a synergistic effect in this extract. 
Additionally, pentacyclic triterpenes, including oleanolic acid and 
betulinic acid (Ali et al., 2022), as well as caffeic acid (Oboh et al., 
2021), further contributed to enzyme inhibition, highlighting a 
complex interaction of multiple compounds in reducing glucose 
levels. 
4.2 Fatty Acids and Glucose Regulation:  
The presence of 9-octadecenoic acid (Z), a predominant 
monounsaturated fatty acid identified in GC-MS of CHCl₃ Fr., also 
supported enzyme inhibition, as suggested by previous studies 
(Yang et al., 2017). Additionally, oleanolic and betulinic acids, along 
with α-amyrin, were found in the LC-MS/MS profile of CHCl₃ Fr. 
These compounds have shown the potential to improve insulin 
sensitivity and reduce hepatic glucose levels, possibly contributing 
to their antidiabetic effects by reducing oxidative stress in diabetic 
models (Fernández-Aparicio et al., 2022; Birgani et al., 2018; Ajala-
Lawal et al., 2014; Santos et al., 2012). Moreover, oleic acid (9-
octadecenoic acid, omega-9), which constituted 25.69% of the 
extract, has been shown to reduce insulin resistance by regulating 
PI3K signaling pathway genes (López-Gómez et al., 2021). 
Similarly, cis-vaccenic acid (omega–7) at 12.13% content was also 
linked to decreased insulin resistance and a reduced risk of diabetes 
(Weir et al., 2012; Abbirami et al., 2019). 
4.3 Antioxidant Properties: Flavonoids, such as myricetin-3-O-
rhamnoside and quercetin-3-O-rhamnoside previously isolated 
from this plant, exhibited radical scavenging activities (Liu et al., 
1997), which have been shown to reduce MDA levels and prevent 
oxidative stress in diabetic conditions (Mihailović, 2021). Tricin, 
another flavonoid in the fraction, could block MDA production, 
further preventing oxidative damage (Yang & Li, 2023). The 
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hydroxyl group quantity and positioning within flavonoid 
structures also play a pivotal role in modulating their antioxidant 
properties (Shamsudin et al., 2022). 
4.4 Role of Triterpenoids in Insulin Sensitivity and Organ 
Protection:  
The pentacyclic triterpenoids, particularly those with C-3 
substitutions, enhance antidiabetic efficacy, as shown in past studies 
(Banerjee et al., 2019; Oršolić et al., 2021). Treatment with caffeic 
acid demonstrated a protective effect on both kidney and liver 
functions in diabetic conditions, likely due to its regulatory effects 
on glucose metabolism and reduction of oxidative stress (Oboh et 
al., 2021). These insights indicate that pentacyclic triterpenes and 
their derivatives significantly contribute to the multifaceted 
antidiabetic actions of CHCl₃ Fr. In summary, the diverse classes of 
bioactive compounds present in CHCl₃ Fr., such as flavonoids, 
unsaturated fatty acids, and pentacyclic triterpenes, collectively 
contribute to its ability to treat diabetes and mitigate associated 
complications. This multipronged approach suggests that CHCl₃ 
Fr. could serve as a therapeutic option for managing glucose 
metabolism, reducing oxidative stress, and improving insulin 
sensitivity (Banerjee et al., 2019; Nazaruk et al., 2021; Mirmiran et 
al., 2018). 
 
5. Conclusion 
the chloroform fraction (CHCl₃ Fr.) from E. r. ssp. shimperi 
demonstrates significant potential as a therapeutic agent for 
diabetes management. This extract exhibits a broad spectrum of 
bioactivities, notably inhibiting α-amylase and α-glucosidase 
enzymes, enhancing insulin secretion, and modulating glucose 
regulation, all of which contribute to reduced insulin resistance and 
improved glucose metabolism. Key bioactive compounds 
identified, including flavonoids (such as myricetin-O-rhamnoside 
and quercetin-O-rhamnoside), pentacyclic triterpenes (including 
oleanolic acid and betulinic acid), and monounsaturated fatty acids 
like 9-octadecenoic acid, play central roles in these effects by 
promoting insulin sensitivity, regulating key metabolic pathways, 
and mitigating oxidative stress. These findings support the 
therapeutic potential of CHCl₃ Fr. in diabetes management, 
highlighting the synergistic interactions among its various bioactive 
compounds as valuable contributors to its antidiabetic and 
antioxidative properties. Further studies could deepen 
understanding and enhance its clinical applicability. 
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