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Bontia daphnoides, commonly known as “olive brush’, is a medicinal plant traditionally used in the
management of diabetes mellitus. The current study evaluated the phytochemical composition along
with the antioxidant and antidiabetic activities of the hydroethanolic extract of B. daphnoides aerial parts.
The plant extract was found to be rich in phenolics (85.67 + 0.018 mg GAE per g) and flavonoids (13.109
+ 0.007 mg QE per g). Phytochemical investigation yielded several metabolites from the n-hexane
fraction including dehydromyoporone (1), B-sitosterol (2), a-amyrin (3), and B-sitosterol glucoside (4).
The dichloromethane fraction afforded two new vy-lactone-containing sesquiterpenes (5) and (6), while
the n-butanol fraction provided 8-acetylharpagide (7), verbascoside (acteoside) (8), crenatoside (9), and
apigenin-7-O-glucuronide (10). The hydroethanolic extract of the plant exhibited antioxidant capacity,
with 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity of 109.239 + 0.429 mg AAE per g
and phosphomolybdenum reducing power of 15220 4+ 0.053 mg AAE per g. Furthermore, it
demonstrated potent inhibition of a-glucosidase (ICso = 0.047 + 0.001 mg mL™) and a-amylase (ICso =
0.088 + 0.003 mg mL™Y enzymes, with activities comparable to or surpassing acarbose activities (ICsq =
0.072 + 0.002 mg mL™* and 0.092 + 0.003 mg mL™%, respectively). In alloxan-induced diabetic rats, oral
administration of the plant extract (200 and 400 mg kg™, 21 days) reduced blood glucose levels and
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(MDA) levels, and improving liver histology. Collectively, these findings highlight B. daphnoides as a rich
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and absorption of dietary carbohydrates, leading to sharp
glucose spikes after meals."

1. Introduction

Diabetes mellitus (DM) is a prevalent chronic metabolic
disorder characterized by persistent hyperglycemia and associ-
ated disturbances in carbohydrate, lipid, and protein metabo-
lism. It is classified into four major types: type I (insulin-
dependent DM), type II (non-insulin-dependent DM), gesta-
tional diabetes, and other specific forms, with type II being the
most common. Hyperglycemia in type II DM results from
multiple pathophysiological factors, including insulin resis-
tance, impaired insulin secretion, increased hepatic glucose
production, and altered incretin activity. Among these factors,
the rapid enzymatic hydrolysis of complex carbohydrates by
pancreatic a-amylase and intestinal a-glucosidases contributes
to postprandial hyperglycemia by accelerating the breakdown
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Inhibition of the digestive enzymes a-glucosidase and a-
amylase slows carbohydrate digestion, thereby reducing the rate
of glucose absorption into the bloodstream.? Although synthetic
competitive inhibitors such as acarbose, voglibose, and miglitol
are clinically effective,® ongoing pharmacological research seeks
to identify novel inhibitors with improved efficacy and safety
profiles. Several plant-derived compounds have shown signifi-
cant a-glucosidase and a-amylase inhibitory activities, high-
lighting their potential as therapeutic agents for type II
diabetes. Given the complex pathophysiology of DM and the
limitations or adverse effects associated with current antidia-
betic drugs,* there is an increased scientific interest for devel-
oping safer and more effective alternatives from natural
sources.

In Trinidad and Tobago, modern traditional healers have
been using a variety of medicinal plants for the management of
diabetes, with significant therapeutic benefits that have been
reported by users. The reported therapeutic benefits may even
exceed the clinical benefits of those of conventional pharma-
ceuticals; for example, antidiabetic plants like Morinda citrifolia
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are highlighted for their potential as effective and safe alter-
natives to conventional drugs, offering benefits such as
minimal side effects and lower cost. Their mechanisms of
action involve various bioactive compounds that can influence
insulin secretion, glucose absorption, and utilization, poten-
tially surpassing modern drug benefits in some cases.> One of
these plants is B. daphnoides which has long been valued for its
ability to lower blood sugar levels. Such ethnomedical claims
need to be thoroughly verified by science in order to clarify the
phytochemical profile of the plant, its bioactive mechanism,
and its general effectiveness in managing diabetes.?

Bontia daphnoides L. (family Scrophulariaceae), is a shrub
native to the West Indies and known locally as olive bush, zoliv,
buttonwood, and kidney bush. Traditionally, various parts of
this plant have been used to treat inflammation, insect bites,
intestinal worms, ulcers, wounds, herpes, diabetes, hyperten-
sion, nephritis, jaundice, cough, colds, and fish poisoning.**
Early phytochemical studies have identified epingaione as
a major secondary metabolite with notable acaricidal and
insecticidal activity, including toxicity against Cylas formicarius
(LCso = 20.8 pg per insect) and cytotoxicity against TE-671
sarcoma cells (50.8% inhibition) and SH-SY5Y neuroblastoma
cells (79.2%).° The crude plant extracts have shown anti-
proliferative effects against MDA-MB-231 breast cancer and
Hep-G2 liver cancer cell lines.® GC/MS analysis of the essential
oils from leaves, flowers, fruits, and stems revealed variations in
volatile constituents dominated by oxygenated sesquiterpenes.
The sesquiterpenoid; dehydroepingaione, isolated from the
lipophilic leaf fraction, along with oils from leaves and stems,
exhibited strong antiviral activity against CoxB4 and HSV-1,
whereas the flowers oil was less active.' The dichloromethane
fraction showed moderate antiviral effects (ECso = 332 and 290
ng mL~ ' against HSV-1 and HAV-H10, respectively) while the
total extract exhibited stronger antiviral activity (ECs, = 214 and
190 pug mL™', respectively).’* Furthermore, endophytic Nod-
ulisporium sp. isolated from Hawaiian B. daphnoides was re-
ported to produce nodulisporic acid A and related derivatives
which are potent systemic agents for tick and flea control in
animals with N-tert-butyl nodulisporamide identified as an
effective oral formulation.*>*

Despite these previous findings, comprehensive investiga-
tions into the chemical composition and pharmacological
activities of B. daphnoides, particularly regarding its potential
antidiabetic effects, remain limited. Given its traditional use in
diabetes management and the growing demand for safe, plant-
based therapeutic agents. This study aimed to characterize the
phytochemical profile of B. daphnoides leaves through deter-
mination of total phenolic and total flavonoid contents, isola-
tion and identification of secondary metabolites, and
evaluation of antidiabetic, enzyme inhibitory, and antioxidant
activities using both in vitro and in vivo models.

2. Material and methods
2.1. Plant material

Bontia daphnoides was collected from Giza Zoo, Giza, Egypt. The
plant was taxonomically authorized by Prof. Dr Abdelhalim
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Mohamed (Plant Taxonomy Department, Agricultural Research
Center, Giza, Egypt). A voucher specimen (BUPD-116-2021) was
deposited at the Department of Pharmacognosy, Faculty of
Pharmacy, Beni-Suef University. The aerial parts were separated
from the freshly collected plant material, air-dried, powdered
and stored in dry and tight containers till use.

2.2. General instruments and chemicals

For chromatographic separation, silica gel 60 (Sigma-Aldrich
Chemicals, Darmstadt, Germany), and Sephadex LH-20 (0.25-
0.1 mm, GE Healthcare Bio-Sciences AB SE 75184 Uppsala,
Sweden) were used for column chromatography (CC). TLC
plates (Fluka precoated silica gel F,s,) were used for column
monitoring. Solvents used for NMR analysis were MeOH-d,
(CD;0D), dimethyl sulphoxide-ds (DMSO-d;), and chloroform-
d (CDCl;) were purchased from (Sigma-Aldrich, Germany).
Bruker NMR spectrometer was used to acquire NMR data
running at 400, and 100 MHz for 'H and *C NMR and DEPTQ,
respectively. Spectra were recorded relative to tetramethylsilane
(Me,Si) as the internal standard. Two-dimensional (2D) NMR
experiments (HSQC and HMBC) were performed utilizing the
pulse sequences from the Bruker user library. HR-ESI-MS data
were obtained from a FTHRMS-Orbitrap (Thermo Finnigan)
mass spectrometer. Multi-well spectrophotometer (fluorescence
plate reader) was used for in vitro activities. Acarbose, alloxane,
and glimepiride were purchased from Merck (Darmstadt, Ger-
many) for in vitro and in vivo activities. Other solvents like
ethanol, n-hexane, dichloromethane (DCM), ethyl acetate
(EtOAc), methanol (MeOH), n-butanol were obtained from El-
Nasr Company for Pharmaceuticals and Chemicals, Egypt.
Other chemicals: aluminum chloride, ammonium molybdate,
ascorbic acid (vitamin C), 2,2-diphenyl-1-picrylhydrazyl (DPPH),
ferric chloride, Folin—Ciocalteu reagent, gallic acid, potassium
acetate, quercetin, sodium carbonate, sodium phosphate, and
sulfuric acid were purchased from Sigma-Aldrich Chemical Co.

2.3. Exploration of the hydroethanolic extract of B.
daphnoides aerial parts

The dried powdered aerial parts of B. daphnoides (1.6 kg) were
exhaustively extracted by cold maceration (6 x 8 L, each 48 h)
with aqueous ethanol (80%), the collected hydroethanolic
extract was dried under reduced pressure using rotary evapo-
rator. The dry extract was suspended in water and successively
partitioned with n-hexane, DCM, EtOAc and n-butanol. The n-
hexane fraction (10 g) was subjected to silica gel column chro-
matography (CC) and n-hexane as a mobile phase with gradual
increase in polarity using EtOAc 2.5% till 100%. Three main
subfractions (A-C) were combined and evaporated separately
under reduced pressure. Successive CCs were used for isolation
of four metabolites: compound 1 (20 mg), compound 2 (48.9
mg), compound 3 (3.3 mg) and compound 4 (10 mg).

The DCM fraction (6 g) was treated in similar method using
n-hexane and EtOAc with 10% gradual increase in polarity. Sub
fraction A (0.6 g) was subjected to silica gel CC using and n-
hexane as mobile phase with gradual increase in polarity using
EtOAc 5% till 30% EtOAc. Subfraction A1 was further purified
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on Sephadex LH-20 CC and (80 :20) MeOH : CH,Cl, as mobile
phase to afford compounds 5 and 6 as a mixture (5 mg). The n-
butanol fraction (15 g) was subjected to polyamide CC and
distilled H,O as a mobile phase with 10% increments of MeOH
up to 100%. Four main subfractions (A-D) were obtained.
Successive CCs were used for isolation and purification of four
metabolites: compound 7 (10.3 mg), compound 8 (37.7 mg),
compound 9 (3 mg), and compound 10 (3 mg). The method of
isolation in details is provided in the SI (page 4).

2.4. Spectroscopic data of compounds 5 and 6

The compounds were isolated as yellow oil isomeric mixture (3 :
1); with R¢ = 0.15 in n-hexane : EtOAc (7 : 3). "H NMR (400 MHz,
CDCl;), DEPTQ NMR (100 MHz, CDCl;) and 2D NMR spectro-
scopic data are displayed in (SI, Fig. $9-S12). "H NMR (400 MHz,
CDCl;) (6 ppm) of compound 5: 7.04 (s, 1H, H-4"), 6.12 (s, 2H, H-
3 & H-5"), 4.84 (br s, 1H, H-2'), 2.67 (s, 2H, H-1), 2.32 (m, 1H, H-
3'a), 2.11 (s, 3H, H-4-methyl), 2.11 (m, 1H, H-4'), 2.00 (m, 1H, H-
3'b), 1.90 (m, 1H, H-4'b), 1.88 (s, 3H, H-5), 1.34 (s, 3H, H-5'-
methyl). "H NMR (400 MHz, CDCl;) (6 ppm) of compound 6:
6.12 (s, 2H, H-3* & H-5""%), 5.94 (s, 1H, H-3"), 4.72 (m, 1H, H-2'*),
2.70 (s, 2H, H-1¥), 2.32 (m, 1H, H-3'a*), 2.11 (s, 3H, H-4-m-
ethyl*), 2.11 (m, 1H, H-4'a*), 2.00 (m, 1H, H-3'b*), 1.90 (m, 1H,
H-4'b*), 1.88 (s, 3H, H-5%), 1.34 (s, 3H, H-5'-methyl*).

DEPTQ NMR of compound 5 (100 MHz, CDCl;) (6 ppm):
¢ 199.3 (C-2), 170.9 (C-2"), 156.3 (C-4), 144.1 (C-4"), 139.4 (C-3"),
125.2 (C-3), 98.2 (C-5"), 83.5 (C-5'), 74.3 (C-2), 54.5 (C-1), 37.2
(c-4), 31.3 (C-3'), 28 (C-5), 26.8 (C-5"-methyl), 21.1 (C-4-methyl).
DEPTQ NMR of compound 6 (100 MHz, CDClL;) (6 ppm):
6c 199.2 (C-2%), 169.19 (C-2"%), 156.37 (C-4%), 125.3 (C-3%),
117.1 (C-3"%), 97.6 (C-5"%), 83.4 (C-5'%), 73.0 (C-2'*), 54.8 (C-1%),
36.7 (C-4'%), 31.3 (C-3'%), 27.9 (C-5%), 26.6 (C-5-methyl*),
21.0 (C-4-methyl*). They exhibited a molecular ion peak at
mfz 281.13849 [M + H]" in HR-ESI-MS positive ion mode corre-
sponding to the molecular formula C;5H,00s and m/z
303.12033 [M + Na], corresponding to the molecular formula
C;5H:905Na.

2.5. Total flavonoid content (TFC)

Total flavonoid content (TFC) in the hydroethanolic extract was
determined using the aluminum chloride colorimetric method,
according to the procedure by ref. 14. A 0.5 mL aliquot of the
extract (1 mg mL™") was mixed with 1.5 mL of methanol.
Subsequently, 0.1 mL of 10% aluminum chloride and 0.1 mL of
1 M potassium acetate were added, followed by 2.8 mL of
distilled water. The reaction mixture was incubated for 30
minutes at room temperature before measuring the absorbance
at 415 nm. A calibration curve was constructed using quercetin
as a standard, with concentrations ranging from 4-12 pg mL™".
The TFC was then calculated and expressed as milligrams of
quercetin equivalent (mg QE) per gram of dry extract.

2.6. Total phenolic content (TPC)

Total phenolic content (TPC) was quantified using the Folin-
Ciocalteu method, as described by ref. 15. A 0.1 mL aliquot of
the hydroethanolic extract (1 mg mL ") was mixed with 0.75 mL
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of Folin-Ciocalteu reagent, which had been diluted 10-folds
with distilled water. The mixture was allowed to react for 5
minutes at room temperature, after which 0.75 mL of a 6%
sodium carbonate solution was added. The absorbance of the
final reaction mixture was measured at 725 nm after a 90
minutes of incubation. A standard calibration curve was con-
structed using gallic acid, with concentrations ranging from 20
to 120 ug mL™". TPC was calculated from this curve and
expressed as milligrams of gallic acid equivalent (mg GAE) per
gram of dry extract weight.

2.7. Biological activities

2.7.1. In vitro antioxidant activities of B. daphnoides
hydroethanolic extract

2.7.1.1. DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical
scavenging assay. The free radical scavenging potential of B.
daphnoides hydroethanolic extract (1 mg mL ') was determined
using the 2,2-dipheny-1-picrylhydrazyl (DPPH) assay according
to ref. 16. Briefly, 50 pL of the sample solution was mixed with
950 pL of methanolic DPPH solution (3.4 mg per 100 mL). The
reaction mixture was incubated in the dark for 1 h at 37 °C. The
free radical scavenging potential of the extract was determined
by the decrease in absorbance of the DPPH radical, that was
measured at 517 nm using UV-visible spectrophotometer (Agi-
lent 8453, Germany). The reduction in absorbance corresponds
to the disappearance of the initial purple color of the DPPH
radical. Ascorbic acid was used as a positive control. The DPPH
radical scavenging activity was calculated using the following
formula: Scavenging activity (%) = (Acontrol — Asample)/(Acontrol) X
100; where Aconuol iS the absorbance of the control reaction
(containing all reagents except the extract), and Agample is the
absorbance of the extract.

2.7.1.2. Phosphomolybdenum assay. Total
capacity was determined using phosphomolybdenum assay as
described by ref. 17. An aliquot of 0.1 mL of the sample solution
was added to 1 mL of reagent solution, which consisted of
28 mM sodium phosphate, 0.6 M sulfuric acid and 4 mM
ammonium molybdate. The mixture was then incubated in
a water bath (95 °C) for 90 min. After incubation, the sample
was cooled to room temperature, and the absorbance was
recorded at 765 nm.

2.7.2. In vitro antidiabetic activity of B. daphnoides
hydroethanolic extract. The in vitro antidiabetic activity of the B.
daphnoides hydroethanolic extract was evaluated by assessing
its inhibitory effects on carbohydrate-metabolizing key
enzymes, specifically a-glucosidase and o-amylase. Both a-
glucosidase and a-amylase are crucial digestive enzymes, where
a-amylase breaks down complex starch molecules into smaller
sugars by hydrolyzing the a-1,4-glycosidic linkages' and o-
glucosidase, located in the small intestine, further breaks down
these smaller carbohydrates into absorbable glucose.” Inhib-
iting these enzymes makes the digestion and absorption of
carbohydrates slower, which helps to control the postprandial
increase in blood glucose levels. This makes their inhibition
a validated and effective strategy for managing metabolic
disorders like diabetes and obesity.

antioxidant
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2.7.2.1. «a-Glucosidase inhibitory assay. The a-glucosidase
inhibitory assay was performed in accordance with the protocol
provided by the Bio-vision assay kit (catalog #K938). In a clear
96-well plate, the plant extract and the reference drug (acar-
bose), were prepared. For each well, 10 uL of the sample (extract
or acarbose) was combined with 10 pL of the assay buffer and 10
pL of the enzyme solution (prepared by diluting 2 pL of a-
glucosidase with 38 pL of a-glucosidase assay buffer). The total
volume was adjusted to 80 pL with the buffer, and the mixture
was incubated at room temperature for 15-20 minutes. After the
incubation period, 20 pL of the enzyme substrate, p-nitro-
phenyl-a-p-glucopyranoside (PNPG), was added to each well.
The absorbance was then recorded at 410 nm to quantify the
enzymatic activity. The ICs, values for both the extracts and
acarbose were subsequently calculated from the data.>***

2.7.2.2. «a-Amylase inhibitory assay. The inhibitory potential
of the extract and the reference drug (acarbose), was assessed
using an in vitro o-amylase inhibition assay, following the
protocol of Bio-vision assay kit (catalog #K482). In a 96-well
microplate, 50 pL of the sample (extract or standard) was
combined with 50 pL of the enzyme solution. The mixture was
incubated at room temperature for 10 minutes to allow for
binding. Subsequently, 50 pL of a starch solution was added,
and the reaction was allowed to proceed for 3 minutes. To stop
the enzymatic reaction, 50 pL of 3,5-dinitrosalicylic acid (DNS)
reagent was added, and the plate was then boiled in a water
bath at 85-90 °C for 10 minutes. The mixture was cooled to
room temperature, and the absorbance was measured at
405 nm to quantify the remaining substrate.'®*>

2.7.3. Acute toxicity study of B. daphnoides hydroethanolic
extract. This study was conducted according to the Organization
for Economic Co-operation and Development (OECD) no. 420.>

Thirty male Swiss albino mice (20-25 g) were used. The
animals were acclimatized for seven days before the experiment
and fasted overnight prior to dosing. They were randomly
divided into five groups (n = 6). The control group received the
vehicle only (0.3% carboxymethyl cellulose, CMC), while the
other four groups each received a single oral dose of the extract
(0.001-1 g kg™ ") suspended in 0.3% CMC. The animals were
observed for 48 h to monitor mortality and possible signs of
toxicity. Parameters assessed included changes in ear and skin
appearance, eyes, circulatory and respiratory function, auto-
nomic responses, and motor activity. Signs of toxicity such as
convulsions, tremors, diarrhea, salivation, lethargy, sleep,
coma, and behavioral changes were also recorded.

2.7.4. In vivo assessment of the antidiabetic activity of B.
daphnoides hydroethanolic extract

2.7.4.1. Animals. Healthy adult male albino Wistar rats
(150-170 g weight) were housed in the animal house of Faculty
of Pharmacy, Beni-Suef University. The central animal house
conditions were well ventilated, the temperature kept at 25 + 2 °
C, with relative humidity of 50-60%, 12 h dark/light cycle and
were provided with water and regular laboratory food. Rats were
kept in plastic hygienic cages during the experimental period.
The study was carried out in compliance with the approved
Ethical Guidelines for the Care and Use of Experimental
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Animals by Beni-Suef University Ethical Committee (approval
no.: FPHBSU IACUC-025-006).

2.7.4.2. Experimental design. The animals were divided into
two groups after accommodation. The first group (n = 5) used as
a normal control and administered 0.3% CMC as a vehicle. The
second group of 35 rats that had been intraperitoneal admin-
istered a single dose of alloxan at a dosage of 150 mg kg™ " body
weight after overnight fasting.>* The blood glucose levels of the
rats were checked after seven days, and those with blood
glucose levels above 200 mg dL™" were considered diabetic.

After induction of diabetes with alloxan, the animals were
left for a stabilization period of 7 days to allow the development
of a stable hyperglycemic state. During this period, blood
glucose levels were monitored, and only rats that consistently
exhibited fasting blood glucose levels =200 mg dL~' were
considered to have established (stabilized) diabetes and were
included in the study. Diabetic stabilization “refers to the
period following alloxan administration during which hyper-
glycemia becomes persistent and stable, indicating successful
destruction of pancreatic B-cells and establishment of the dia-
betic state”. After diabetic stabilization, twenty-eight male rats
were divided into four subgroups consisting of seven rats each;
subgroup I: diabetic rates were kept as positive control group
received 0.3% CMC as a vehicle. Subgroup II: is a standard
group received glimepiride (5 mg kg ™", body weight) for 3
weeks. Subgroup III: diabetic rates administrated plant extract
200 mg per kg body weight per day. Subgroup IV: diabetic rates
administrated plant extract 400 mg per kg body weight per day
for three weeks.

After the experiment period, rats were given anesthesia 24
hours following the final treatment in order to obtain a blood
sample from the retro-orbital plexus, left to clot, then centri-
fuged to separate serum samples, kept at —20 °C for assessment
of blood glucose, insulin, and oxidative stress markers as
reduced glutathione (GSH) and malondialdehyde (MDA) levels.
Rats then euthanized with rapid cervical dislocation, and livers
were dissected and fixed in 10% formal saline for histopatho-
logical study.

2.7.4.3. Assessment of biochemical markers

2.7.4.3.1. Determination of blood glucose and insulin levels.
Blood glucose level was assessed using Glucometer (GlucoDr,
Korea)**?° and serum insulin level was assessed using a specific
ELISA kit (cat. no.: ARG80655) following the manufacturer's
instructions.

2.7.4.3.2. Determination of serum oxidative stress markers
(GSH and MDA). Malondialdehyde (MDA) was typically
employed as a measure of oxidative stress while, reduced
glutathione level (GSH) was employed as an example for non-
enzymatic antioxidants. The serum levels of GSH and MDA
were assessed using a specific ELISA kit (Bio-Diagnostic Co. -
Cairo, Egypt), following the manufacturer's instructions.

2.7.4.3.3. Histopathological analysis of liver tissue. Liver
tissue samples were fixed in 10% formal saline, dehydrated
through a graded ethanol series (70%, 80%, 90%, 95%, and
100%), cleared in xylene, and embedded in Paraplast tissue
embedding medium. A microtome was used to cut liver slices
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(3-5 um), which were then stained with hematoxylin and eosin
(H&E) and examined under a microscope.?”

2.8. Statistical analysis

All the data were expressed as mean =+ standard deviation (SD)
from three experiments, the data of TPC, TFC, and antioxidant
activity calculated from linear calibration curve plotted by excel
software using different concentrations of the standards. All
results of the in vivo antidiabetic study are presented as mean +
standard error of the mean (SEM). Statistical analyses were
conducted using GraphPad Prism software, version 8.4.3 (pub-
lished by GraphPad Software, Inc. (now part of Dotmatics);
release date June 16, 2020). Differences among groups were
assessed by one-way analysis of variance (ANOVA), followed by
Tukey's post hoc test. A P-value of less than 0.05 was considered
statistically significant.

3. Results and discussion

3.1. TPC and TFC

The total phenolic content (TPC) of B. daphnoides aerial parts
hydroethanolic extract was determined using the Folin-Cio-
calteu assay. As shown in Table 1, the TPC of the extract was
85.67 + 0.018 mg GAE per g of dry extract, with the results
expressed as milligrams of gallic acid equivalent per gram of dry
extract.

While the total flavonoid content (TFC) of the plant extract
was determined using the aluminum chloride colorimetric
method, with the results expressed as milligrams of quercetin
equivalent (mg QE) per gram of dry extract. As shown in Table 1,
the TFC of the plant was found to be 13.109 + 0.007 mg QE

per g.

3.2. Identification and structure elucidation of the isolated
compounds from B. daphnoides hydroethanolic extract

The biological activities observed for the hydroethanolic extract
encourage further investigation of their active constituents;
consequently, a phytochemical study was conducted on the n-
hexane, dichloromethane and n-butanol fractions of B. daph-
noides. A total of ten metabolites (1-10) were isolated and
identified through spectral data analysis and comparison with
previously reported literature. The chemical structures are
presented in Fig. 1. From the n-hexane fraction, one oxygenated
sesquiterpene, two sterols, and one triterpene were obtained,
namely dehydromyoporone (1), previously reported from B.
daphnoides (Thabet, Ayoub et al.** 2025), B-sitosterol (2)**>° (Li,

Table1 Total phenolic and flavonoid contents of B. daphnoides aerial
parts hydroethanolic extract

TPC* (mg GAE per g) TFC® (mg QE per g)

B. daphnoides 85.67 £ 0.018 13.109 £ 0.007

% TPC: total phenolic content, mg gallic acid equivalent in 1 g of dry
extract. ° TFC: total flavonoid content, mg quercetin equivalent in 1 g
of dry extract.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Huang et al. 2009, Elhawary, Hassan et al. 2023), B-sitosterol
glucoside (4)**** (Peshin and Kar 2017, Renda, Kadioglu et al.
2021), a-amyrin (3)*>* (Miranda, Silva et al. 2006, Naidu,
Kumar et al. 2012), respectively. The dichloromethane fraction
afforded mixture of two new y-lactone-containing sesquiter-
penes (5) and (6). In addition, the n-butanol fraction yielded one
iridoid glucoside, two phenylethanoid glycosides, and one
flavonoid glycoside, isolated for the first time from B. daph-
noides: 8-acetylharpagide (7)**** (Shin, Lee et al. 2020, Gao, Le Ba
et al. 2021), verbascoside (acteoside) (8)*® (Delazar, Asnaashari
et al. 2019), crenatoside (9)**® (da Silva, Rodrigues et al. 2014,
Shen, Li et al 2015), and apigenin-7-O-glucuronide (10)***
(Luca, Czerwinska et al. 2019, Du, Xiong et al. 2024), respec-
tively. The corresponding spectral data for all the identified
compounds are provided in the SI section (Fig. S1-522).

Compounds (5 and 6) were obtained as yellowish oily
mixture of two compounds in 3:1 ratio. Both compounds
exhibited similar mass spectra with the same molecular
formula of C;5H,,0s5 as determined by HR-ESI-MS data (SI:
Fig. S13), m/z 281.13849 [M+H]" (calculated for C;5H,,05) and
m/z 303.12033 [M + Na]’, corresponding to the molecular
formula C;5H,;905Na, indicating the presence of six double
bond equivalents (DBE).

Analysis of the '"H NMR and DEPTQ NMR spectra, in
combination with 2D-NMR experiments (HSQC, HMBC) (Table
2) (SI: Fig. S9-S12) indicated the presence of a hydroxy-a,pB-
unsaturated-y-lactone ring with overlapping signals. Their NMR
data closely resembled those of previously reported
compounds*** except for the presence of an olefinic proton
signal at dy 6.12 (s, 2H, H-3 and H-3*) and two allylic methyl
carbons at ¢ 28.0, 27.9 (C-5 and C-5%) and 21.1, 21.0 (C-4-
methyl and C-4-methyl*) indicating the presence of an enone
system. The "H NMR data of both compounds showed minimal
variation, displaying characteristic resonances of two olefinic
methine protons at éy 7.04 (s, 1H, H-4"), 6.12 (s, 4H, H-3, H-5",
H-5"*, and H-3%), 5.94 (s, 1H, H-3"*), three methyl protons at oy
2.11 (s, 6H, H-4-methyl and H-4-methyl*), 1.88 (s, 6H, H-5 and
H-5%), 1.34 (s, 6H, H-5"-methyl and H-5'-methyl*), four methine
protons at éy 6.12 (s, 2H, H-5", H-5"*), 4.84 (br s, 1H, H-2) and
4.72 (m, 1H, H-2'*), and six methylene's protons at dy 2.00-2.32
(m, 4H, H-3' and H-3'%), 65 1.90-2.11 (m, 4H, H-4' and H-4'%), 6y
2.67 (s, 2H, H-1) and &y 2.70 (s, 2H, H-1*). The DEPTQ NMR
spectrum revealed 28 signals. Of these, 13 signals were assigned
to one compound, the other 13 signals belong to the second
compound, and 2 signals were common to both compounds.
The carbon resonances included nine quaternary carbons at o¢
199.3, 199.2 (C-2 and C-2*), 170.9, 169.1 (C-2” and C-2"%*),
156.39, 156.37 (C-4 and C-4*), 139.4 (C-3” and C-4"%), 83.5, 83.4
(C-5" and C-5'*), eight methines at 6 117.1 (C-3"), 144.1 (C4"*)
125.3, 125.2 (C-3 and C-3%), 98.2, 97.6 (C-5” and C-5"%), 74.3,
73.0 (C-2' and C-2'*), five methylene's at 6¢ 54.8, 54.5 (C-1 and C-
1%), 37.2, 36.7 (C-4' and C-4'*), 31.1 (C-3'), and six methyl's at ¢
28.0, 27.9 (C-5 and C-5%), 26.8, 26.6 (C-5-methyl and 5-m-
ethyl*), 21.1, 21.0 (C-4-methyl and C-4-methyl*).

HMBC revealed key correlations (SI Fig. S12) supporting the
structural features of the two compounds. Protons H-4” and H-
3" exhibited correlations with C-2”, confirming their
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Fig. 1 Structures of the isolated metabolites (1-10) from the hydroethanolic extract of B. daphnoides aerial parts.

Table 2 H NMR (400 MHz) and DEPT-Q (100 MHz) spectroscopic data for compounds 5 and 6 in CDCls

Compound 5 Compound 6
Position Op, mult., J dOc, type HMBC Oy, mult., J Oc, type HMBC
2" — 170.9, C — 169.19%, C
3" — 139.4,C 5.94 (s) 117.1, CH c-2”
4" 7.04 (s) 144.1, CH c-2" — 1394, C
5" 6.12 (s) 98.2, CH c2" 6.12 (s) 97.6, CH*  C-2"
2/ 4.84 (br s) 74.3, CH 4.72 (m) 73.0, CH
3 2.00-2.32 (m)  31.3,CH, C=2/,C4,C-5,C1,C5-methyl  2.00-2.32 (m) 31.3,CH, C-2/, C-4, C-5', C-1, C-5'-methyl
a4 1.90-2.11 (m)  37.2,CH, C-2/,C4/,C-5,C-1,C-5-methyl ~ 1.90-2.11 (m)  36.7, CH, c-2/, -3/, C-5', C-1, C-5'-methyl
5/ — 83.5, C — 83.4, C
1 2.67 (s) 54.5,CH, C+4/,C-5,C-2,C3,C-5-methyl  2.70 (s) 54.8, CH, c4, C-5', C-2, C-3, C-5'-methyl
2 — 199.3, C — 199.2, C
3 6.12 (s) 125.2,CH  C-2, C-5, C-4-methyl 6.12 (s) 125.3,CH  C-2, C-5, C-4-methyl
4 — 156.3, C — 156.3, C
5 1.88 (s) 28.0,CH;  C-3, C-4, C-4-methyl 1.88 (s) 27.9, CH, C-3, C-4, C-4-methyl
4-Methyl 2.11 (s) 21.1,CH,  C-2, C-3,C-4, C-5 2.11 (s) 21.0, CH, C-2, C-3,C4, C-5
5-Methyl  1.34 (s) 26.8,CH;  C-2,C4,C-5,C1 1.34 (s) 26.6, CH; c-2", c-4, C-5, C1
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positioning within the same ring system. The presence of
a second ring was established by the correlations of H-3' with C-
4" and C-5'. Additionally, correlations between H-5"-methyl and
C-4'/C-5' verified the attachment of a methyl group to the
tetrahydrofuran moiety. Further correlations of H-1 with C-4/, C-
5/, C-2, C-3, and C-5"-methyl substantiated the presence of
a penten-3-one side chain. Moreover, correlations between H-4-
methyl and C-2, C-3, C-4, and C-5, together with correlations
between H-5 and C-3, C-4, and C-4-methyl, further supported
the structural assignment. In summary, structures of
compounds (5) and (6) were elucidated as a pair of new regio
isomeric y-lactone sesquiterpenes as shown in Fig. 1 and
named as [(2'S,5'R)-4-methyl-1-(5'-methyl-2',3’,4’ 5'-tetrahydro
[2/,3"-bifuran-(5"-hydroxyfuran-2”-one)]-5'yl)-2-oxopent-3-en-
1yl] (5) and [(2'S,5'R)-4-methyl-1-(5"-methyl-2',3',4’,5'-tetrahydro
[2',4"-bifuran-(2"-hydroxyfuran-5"-one)]-5'yl)-2-oxopent-3-en-
1yl1] (6).

3.3. Biological activities

3.3.1. In vitro antioxidant activity. The antioxidant poten-
tial of the hydroethanolic extract was assessed using two
distinct assays: the DPPH free radical scavenging assay and the
total antioxidant capacity (TAC) phosphomolybdate assay. The
results for both were expressed as milligrams of ascorbic acid
equivalent per gram of dry extract (mg AAE per g dry extract), as
shown in Table 3.

The results of the DPPH assay were calculated as 109.239 +
0.429 mg AAE per g of dry extract. While the results of phos-
phomolybdate assay showed that each gram of the extract had
a total antioxidant capacity of 152.20 & 0.053 mg of ascorbic
acid. Early studies demonstrated that verbascoside-enriched
ethanol extracts of Clerodendrum glandulosum leaves exhibited
potent DPPH radical scavenging activity, with an ICs, value of
39.51 + 0.51 pg mL~", verbascoside has been consistently re-
ported as an effective free radical scavenger, primarily due to its
ability to participate in proton and/or electron transfer reac-
tions with free radicals.” Another report revealed that verbas-
coside isolated from Plantago major significantly scavenge both
DPPH and superoxide radicals with (ICs, 11.27 pM and 1.51
uM, respectively).** As well the structurally related phenyl-
ethanoid glycosides such as crenatoside showed remarkable
antioxidant potential, achieving 99.9% radical scavenging
activity at 1.0 mg mL™' and 93.7% activity even at 0.005 mg
mL ™', surpassing the standard antioxidants Trolox and vitamin
C.* Moreover apigenin-7-O-B-p-glucuronide methyl ester

Table 3 Antioxidant activity of the hydroethanolic extract of B.
daphnoides aerial parts using DPPH and phosphomolybdenum assay®

mg AAE per g

DPPH TAC

B. daphnoides 109.239 + 0.429 152.20 4 0.053

“ DPPH: 2,2-diphenyl-1-picrylhydrazyl, TAC: total antioxidant capacity,
AAE: ascorbic acid equivalent.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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previously isolated from the ethyl acetate extract of Manilkara
zapota leaves exhibited significant DPPH and NO free radical
inhibiting activity with ICs, values of 36.38 ug mL ™" and 29.74
pg mL~ " at 100 pg mL ™', whereas the standards, ascorbic acid,
and 3,5-di-tert-butyl-4-hydroxytoluene exhibited ICs, values of
4.49 pg mL™" and 3.93 pug mL ™", respectively at 10 pg mL ™~ *.*
Therefore, it can be concluded that the antioxidant activity of
the extract of B. daphnoides could be primarily attributable to
the presence of verbascoside, crenatoside and apigenin-7-O-p-p-
glucuronide, which were isolated in the present study.

3.3.2. In vitro antidiabetic activity. The results of a-gluco-
sidase assay in Table 4, demonstrated potent a-glucosidase
inhibitory activity with an ICs, of 0.047 & 0.001 mg mL™". This
activity was comparable to that of the reference standard,
acarbose, which exhibited an ICs, of 0.072 4 0.002 mg mL™~". As
well the results of a-amylase assay in Table 4, revealed a notable
inhibitory effect on a-amylase with an ICs, of 0.088 & 0.003 mg
mL~". This activity was comparable to the standard drug,
acarbose, which had an ICs, of 0.092 + 0.003 mg mL ™. Previous
investigations have emphasized the inhibitory potential of ver-
bascoside against carbohydrate-hydrolyzing enzymes, particu-
larly a-glucosidase and o-amylase. Notably, verbascoside has
been reported to exhibit stronger a-glucosidase inhibition than
the reference drug acarbose.*® For instance, verbascoside iso-
lated from Clerodendrum bungei roots showed an ICs, of 0.5 £
0.03 nM, compared with acarbose (IC5, = 14.4 £+ 0.3 mM).*’
Similarly, verbascoside isolated from Ruellia tuberosa leaves
inhibited a-glucosidase with an ICs, of 69.3 + 0.2 ug mL™**
while that obtained from Monochasma savatieri exhibited
significant activity (IC5o = 0.5 £ 0.03 mM vs. acarbose IC5y =
14.4 + 0.3 mM).** Moreover, a verbascoside-enriched ethanol
extract of Clerodendrum glandulosum displayed potent inhibi-
tion of a-glucosidase and a-amylase, with ICs, values of 195.13
+ 3.26 ug mL™" and 346.39 + 5.04 ug mL ", respectively.** In
addition, 8-acetylharpagide from Caryopteris incana showed
notable a-glucosidase inhibition (IC5, = 1.89 + 0.7 mM)
compared to acarbose (ICs5, = 3.49 + 0.15 mM).*® These results
suggested that the B. daphnoides hydroethanolic extract
demonstrated comparable or slightly superior inhibitory effi-
cacy against a-amylase and a-glucosidase compared to the
standard drug, acarbose. These results highlight its potential as
a natural a-amylase and a-glucosidase inhibitor for managing
postprandial hyperglycemia.

3.3.3. Acute toxicity. Oral administration of a single dose of
different concentrations of B. daphnoides hydroethanolic extract

Table 4 Results of in vitro a-glucosidase, and a-amylase inhibitory
activities of B. daphnoides aerial parts hydroethanolic extract®

ICs0 (mg mL™)

Extract a-Glucosidase a-Amylase
B. daphnoides 0.047 £+ 0.001 0.088 £ 0.003
Acarbose® 0.072 £ 0.002 0.092 £ 0.003

“ Each value is presented as means + SEM, n = 3. ICs,, half-maximal
inhibitory concentration; SEM, standard error of mean.
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(0.001, 0.01, and 1 g per kg body weight) to albino mice groups
did not induce any mortality during the first 48 h, compared to
the negative control. No deaths or signs of toxicity were
observed at doses up to 1 g kg™, indicating that the extract is
non-toxic and safe at this concentration.

3.3.4. Invivo antidiabetic activity

3.3.4.1.  Effect on blood glucose and serum insulin levels. The
administration of alloxan in a dose of 150 mg kg™ ', i.p. signif-
icantly increased blood glucose level and decreased insulin level
as compared to normal rats, that came in comply with previous
studies as alloxan induced diabetes by selectively destroying
pancreatic beta cells, leading to insulin deficiency and hyper-
glycemia.’>** While the administration of glimepiride, used as
the standard drug, produced a significant hypoglycemic effect
compared with the diabetic control group, consistent with its
mechanism as a sulfonylurea insulin secretagogue. It works by
stimulating the pancreas to release more insulin, helping the
body utilize glucose more effectively.”® Data presented in Fig. 2
reveals that the hydroethanolic extract B. daphnoides interest-
ingly, in the two dose levels, 200 and 400 mg kg ', showed
a significant attenuation in blood glucose level, although, for
insulin measurement, B. daphnoides extract didn't show
improvement in insulin secretion. Early data revealed that the
verbascoside-enriched ethanol extract of Marrubium vulgare
demonstrated significant antidiabetic activity, producing
approximately a 50% reduction in blood glucose levels at a dose
of 100 mg kg '.** Similarly, echinacoside and verbascoside
(acteoside), the major constituents of Cistanche tubulosa stem
extract (Orobanchaceae), were reported to enhance glucose
tolerance and lower blood glucose levels in mice at doses of
250-500 mg kg~ '.*® Furthermore, 8-O-acetylharpagide, previ-
ously isolated from Scrophularia deserti, was shown to reduce
blood glucose levels by 17.0% after 1 h and 29.0% after 2 h in
alloxan-induced diabetic mice.*® Based on these earlier studies,
it can be concluded that the effect of B. daphnoides extract is
primarily attributable to the presence of verbascoside and 8-O-
acetylharpagide where both were isolated in the present study.
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Fig. 2 Effect of the hydroethanolic extract of B. daphnoides aerial
parts on blood glucose and serum insulin levels. (A) Blood glucose
level (mg dL™Y), (B) insulin level (ng mL™Y). B2: B. daphnoides at dose
200 mg kg%, B4: B. daphnoides at dose 400 mg kg~!. Each bar
represents mean + S.E.M. (n = 5). One-way ANOVA statistical test was
conducted to analyze significant difference among tested groups
followed by Tukey—Kramer multiple comparisons test. *P < 0.05
versus normal control group. #P < 0.05 versus diabetic control group.
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3.3.4.2. Effect on serum antioxidants and oxidative stress
biomarkers. Oxidative stress, which is caused by an imbalance
between the production of reactive oxygen species (ROS) and
antioxidant defense mechanisms, plays a critical role in the
development and progression of DM and its complications.
Elevated blood glucose levels in diabetic individuals enhance
ROS generation, which can impair insulin secretion from
pancreatic B-cells and induce insulin resistance in peripheral
tissues.’” Antioxidants protect B-cell function, enhance insulin
sensitivity, and improve glucose uptake and utilization.***®
Furthermore, such compounds can modulate key signaling
pathways involved in glucose metabolism, thereby contributing
to glycemic control.*® In the current study, the B. daphnoides
extract treatment exhibited a significant antioxidant effect
compared to the untreated diabetic group represented by
a significant decrease in GSH levels and a concurrent increase
in MDA levels compared to healthy controls. The low-dose
group B3 (200 mg kg ') demonstrated a significant increase
in GSH and a decrease in MDA levels, which aligns with its
previously discussed hypoglycemic effects (Fig. 3). However, the
higher dose of Bontia daphnoides (B4) (400 mg kg™ ') failed to
produce a significant improvement in GSH levels compared to
the diabetic group. This finding may be attributed to a dose-
dependent biphasic (hormetic) response, a well-recognized
phenomenon in phytotherapy, where moderate doses enhance
antioxidant defenses, whereas higher doses may exert dimin-
ished or pro-oxidant effects. Excessive phytochemical concen-
trations can increase reactive oxygen species generation,
interfere with glutathione synthesis, or inhibit glutathione-
related enzymes, ultimately blunting antioxidant efficacy.
Similar observations have been reported with several plant-
derived antioxidants in experimental diabetes, where higher
doses failed to improve or even worsened oxidative stress
markers. Thus, the absence of a significant increase in GSH
levels in the B4 group suggests that the antioxidant effect of
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Fig. 3 Hydroethanolic extract of B. daphnoides aerial parts on serum
antioxidants and oxidative stress biomarkers. (A) Serum reduced
glutathione (GSH) level (mmol L™Y), (B) serum malondialdehyde (MDA)
level (nmol mL™Y). B2: B. daphnoides at dose 200 mg kg™, B4: B.
daphnoides at dose 400 mg kg~ t. Each bar represents mean + S.E.M.
(n = 5). One-way ANOVA statistical test was conducted to analyze
significant difference among tested groups followed by Tukey—Kramer
multiple comparisons test. *P < 0.05 versus normal control group. #P <
0.05 versus diabetic control group.
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Fig. 4 Histopathological examination of liver sections (H&E staining, 400x). (A) Normal control group showing preserved hepatic architecture
with radiating cords of hepatocytes (arrows), central vein (CV), and normal hepatic sinusoids (S). (B) Diabetic control group exhibiting disrupted
hepatic cords, dilated sinusoids (S), and cytoplasmic vacuolations (arrows). (C) Glimepiride group showing cords of normal hepatocytes radiating
from the central vein (CV) and separated by blood sinusoids (S) the hepatocytes contain eosinophilic cytoplasm and vesicular nuclei (arrows). (D)
B. daphnoides in low dose (200 mg kg~?!) demonstrate mild congested hepatic artery (A), mild congested portal vein (V) and bile duct (D) lined
with simple cubical epithelial cells. (E) B. daphnoides in high dose (400 mg kgfl) showing preserved hepatic structure with normal hepatocyte
arrangement, central vein (CV), and sinusoids (S), comparable to the normal control.

Bontia daphnoides may be optimal within a specific dose
range.®®** Previous research has shown that a verbascoside-
enriched extract from the leaves of jacaranda mimosifolia D.
Don exerted hepatoprotective effects in diabetic rats by miti-
gating oxidative stress and improving liver function. Treatment
with verbascoside significantly reduced hepatic malondi-
aldehyde (MDA) levels while restoring reduced glutathione
(GSH) content, thereby alleviating pathological alterations in
the liver. These effects were dose-dependent (10-40 mg kg™ )
and comparable to those of the standard antidiabetic drug
pioglitazone (30 mg kg ').> Likewise, verbascoside isolated
from Incarvillea compacta was reported to attenuate CCl,-
induced hepatotoxicity by enhancing superoxide dismutase
activity, lowering intracellular ROS and MDA levels, and acti-
vating the nuclear factor kB (NF-kB) pathway.*®

3.3.4.3. Histological examination of liver. Histopathological
examination of liver tissues confirmed the antioxidant effect of
B. daphnoides extract. The photomicrograph of a liver section
from the normal control group (Fig. 4A) showed cords of normal
hepatocytes radiating from the central vein (CV) and separated
by blood sinusoids (S) the hepatocytes exhibited eosinophilic
cytoplasm and vesicular nuclei (arrows). On the other hand, the
photomicrograph of a liver section from diabetic rats (Fig. 4B)
demonstrated marked dilatation and congestion of the central

© 2026 The Author(s). Published by the Royal Society of Chemistry

vein (CV), along with dilated and congested blood sinusoids (S).
Numerous cells appeared with karyolitic nuclei (arrows). In
Fig. 4C, the photomicrograph of a liver section from
glimepiride-treated group showed cords of normal hepatocytes
radiating from the central vein (CV) and separated by blood
sinusoids (S) the hepatocytes displayed eosinophilic cytoplasm
and vesicular nuclei (arrows). While that from diabetic rats
treated with lower dose of B. daphnoides extract (200 mg kg,
Fig. 4D) showed a congested hepatic artery (A), a congested
portal vein (V) and the bile duct (D) lined with simple cubical
epithelial cells. Similarly, the photomicrograph of a liver section
from diabetic rats treated with the plant extract in a higher dose
(400 mg kg™, Fig. 4E) showed cords of normal hepatocytes
radiating from the central vein (CV) and separated by blood
sinusoids (S). The hepatocytes exhibited eosinophilic cytoplasm
and vesicular nuclei (arrows).

4. Conclusion

Comprehensive phytochemical and biological investigations
revealed B. daphnoides aerial parts to be rich in phenolics and
flavonoids. Subsequently, ten compounds (dehydromyoporone,
B-sitosterol, a-amyrin, B-sitosterol glucoside, two new y-lactone-
containing sesquiterpene, 8-acetylharpagide, verbascoside,

RSC Adv, 2026, 16, 14867-14877 | 14875
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crenatoside, apigenin-7-O-glucuronide) have been isolated and
identified from its hydroethanolic extract. The extract demon-
strated robust antioxidant and antidiabetic activities with o-
glucosidase and a-amylase inhibition surpassing or comparable
to that of acarbose. Importantly, in vivo experiments on alloxan-
induced diabetic rats clearly demonstrated the therapeutic
efficacy of the extract, as it not only alleviated hyperglycemia but
also attenuated oxidative stress by elevating GSH levels and
reducing MDA levels, while concurrently improving the hepatic
histopathology. Collectively these findings highlight B. daph-
noides as a novel and promising source of natural compounds
with dual antioxidant and antidiabetic properties, offering
potential for the development of safe, plant-based therapeutic
agents for management of diabetes and its associated
complications.
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