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Objective: Neurological disorders is an increasing problem in the society. Our study aims to explore the
secondary metabolites and evaluate the neuroprotective effect of leave extract of Dodonaea viscosa.
Methods: The ethyl acetate extract was chromatographed and produced one new entity which was char-
acterized by spectroscopy (IR, UV, NMR, MS) studies. This entity was named as (6S, 9R)-vomifoliol-9-b-D-
glucopyranosyle (1 -3)- O-a-L-rhamnopyranoside (DVE-8) while the known entities were identified as
viscosine (DVE-12), and catechin (DVE-18). The neuroprotective potential of D. viscosa leaves extract
was evaluated using the transient middle cerebral artery occlusion (MCAO) method to induce focal cere-
bral ischemia–reperfusion injury in rats.
Results: The levels of proinflammatory cytokines such as TNF-a, IL-6, and NF-jB gene expression along
with the level of anti-apoptotic Bcl–2, BAX, and caspase–3 gene expression was evaluated.
Neurological findings showed a significant reduction in the levels of pro-inflammatory cytokines (TNF-
a and, IL-6; both P < 0.05). Also, the NF-jB gene expression was significantly downregulated
(P < 0.05). Furthermore, the level of anti-apoptotic Bcl–2 gene expression was significantly upregulated
(P < 0.05), whereas the level of BAX and, caspase–3 gene expression was significantly downregulated
(P < 0.05).
Conclusion: The neuroprotective effect of D. viscosa leaves extract on MCAO-induced ischemic stroke may
be due to the anti-inflammation, and anti-apoptosis activities. The findings of the present study may sug-
gest that D. viscosa leaves extract supplementation may serve as valuable adjuvant therapy for neuronal
protection.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Dodonaea viscosa (L.) Jacq (Sapindaceae) is a flowering ever-
green woody perennial shrub widespread in tropical and subtrop-
ical regions. In Saudi Arabia, D. viscosa grows in the Southern,
Eastern, and Hijaz regions (Vasudevan et al., 2019). It has been
used in traditional medicine to treat diverse illnesses. D. viscosa
has been reported to contain a wide range of phytochemicals such
as flavonoids, terpenoids, saponins, sterols, phenolics, sugars, alka-
loids, and tannins (Al-Snafi A, 2017). According to a literature sur-
vey, D. viscosa possesses several specific phytochemicals, such as
C-alkylated flavonol derivatives (Muhammad et al., 2012). It has
been established that hautriwaic acid is one of the active con-
stituents responsible for anti-inflammatory activity in this species
(Osvaldo et al., 2012). Isoprenylated flavonol derivatives named
dodoviscins are also reported (Gao et al., 2013). Terpenoids were
also obtained from D. viscosa such as b-pinene, myrcene, limonene,
p-cymene, citronellal, linalool, linalyl acetate, c-terpineol, geraniol
(monoterpenoides) (Mata et al., 1991), and dodonic acid (diter-
penoid) (Gao et al., 2013). Triterpenoid saponins were isolated
from D. viscosa, such as dodonaeaside A and dodonaeaside B,
21,22-diangeloyl, barringtogenol C, 21-angeloyl-R1-barringenol,
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21,22-diangeloyl-R1-barringenol, and cleomiscosin, R1-barrigenol,
R1- barrigenol 21,22-diangelate, jegosapogenol, and jegosapogenol
21-(2,3-dihydroxy- 2- methyl butyryl) 22-angelate. Furthermore,
previous reports have documented many sterols were isolated
from D. viscosa, such as lupeol, stigmasterol and stigmast-7-en-3-
ol, a-spinasterol and b-sitosterol, besides, myo-inositol derivatives
such as 1-L-O-methyl-2-acetyl-3-p-cis-coumaryl-myo-inositol and
1-L- 1-O-methyl-2-acetyl-3-p-coumaryl-myo-inositol], were also
isolated from this species (Al-Asmari et al., 2013). A literature
review has shown that D. viscosa is least explored in Saudi Arabia;
only one phytochemical report suggests the presence of flavonoids
and new clerodane diterpenoids (Al-Asmari et al., 2013), which
supports selecting this plant for further explorations.

Neurological disorders are a variety of diseases that affect the
central and peripheral nervous systems. However, neurological
disorders represent the major cause of disability and the second
leading cause of mortality worldwide. The absolute number of
deaths and individuals disabled by neurological disorders has
increased dramatically in the last 30 years, especially in low- and
middle-income countries (Feigin et al., 2020).

A variety of biological and biochemical mechanisms are impli-
cated in several neurodegenerative diseases and these mechanisms
include the release of inflammatory mediators, and evoking apop-
totic factors. Among the various neurological disorders stroke is
one of the most serious and life-threatening neurological disorders
and the most frequent cause of death worldwide. Ischemic strokes
represent 80–85 % of all stroke cases. It occurs due to hindrance of
blood flow to the brain due to vascular obstruction in the cerebral
arteries depriving brain cells of oxygen and glucose. Neurons are
highly responsive to ischemia and reperfusion culminating in neu-
ronal death and brain dysfunction (Prabhakaran et al., 2015).

Inflammation is induced during brain stroke and consequently
leads to neuronal damage (Ahmad et al., 2019). Microglial cells
are the primary immune effectors of the CNS. In stroke, they are
activated, especially in the penumbra, change their shape to an
amoeba-like form, proliferate, and become phagocytically active.
They also produce a wide range of pro-inflammatory cytokines,
oxygen-free radicals, and enzymes (Allan and Rothwell, 2001). In
addition, leukocytes, neurons, and astrocyte cells also contribute
to producing cytokines and chemokines (Dawes et al., 2018). Dur-
ing brain ischemia, the most predominant cytokines are TNFa, IL-1,
and IL-6 which play a notable role in the inflammatory response
(Wytrykowska et al., 2016).

A programmed cell death is called apoptosis which takes place
during physiological cellular turnover and in pathological condi-
tions such as ischemia (Ünal-Çevik et al., 2004). Apoptosis is
induced by two pathways; intrinsic and extrinsic pathways
(Broughton et al., 2009). At the onset intrinsic pathway, calcium
ions accumulated intracellularly due to stimulation of NMDA
receptors causing induction of calapine and cleveite of Bcl-2 inter-
acting domain (BID) to truncated Bid (tBid) (Nikoletopoulou et al.,
2013;) Truncated Bid (tBid) interact with apoptotic proteins (such
as Bad, Bak, etc.) leading to opening the mitochondrial transition
pores (MTP) and releasing mitochondrial cytochrome c (Cyt c) or/
and apoptosis-inducing factor (AIF). On the other side, Bcl-2 and
BcL-XL proteins act as anti-apoptotic proteins throughout the pre-
vention of (MTP) formation (Broughton et al., 2009). Apoptosome
is created due to the interaction of Cyt c with apoptotic protein-
activating factor-1(Apaf-1); it activates caspase-3 that cleaves
nuclear DNA repair enzymes, causing damage to nDNA and cell
death (apoptosis). In addition, AIF enters the nucleus and causes
caspase-independent DNA fragmentation and cell death (Martin-
Villalba et al., 1999). The caspase proteins are activated during
the extrinsic pathway by the TNF ligands such as the FASL and
TNF (Broughton et al., 2009), Which activate, sequentially,
caspase-8, caspase-9 and caspase-3. This cascade of activation
2

enhances mitochondrial permeability, condensation of chromatin,
fragmentation of DNA, and finally, cell death (apoptosis) (Li et al.,
2000). It has been reported that the down-regulation of BAX and
the up-regulation of Bcl-2 have anti-apoptotic activity (Yaidikar
& Thakur, 2015). In addition, over-expression of Bcl-2 inhibits the
release of Cyt c and blocks the activation of caspase-3 expression
(Zhao et al., 2003). In general, inhibition of intrinsic and extrinsic
pathways of apoptosis may protect against brain injury (Guan
et al., 2006). Previous studies have shown the traditional use of
D. viscosa for stomach pain, piles, and ulcers. Anti-inflammatory,
antimicrobial, local anesthetic and smooth muscle relaxing effect
of D. viscosa has been reported (Ramkumar and Periyasamy, 2019).
2. Experimental

2.1. Materials

2.1.1. Plant material
The leaves of D. viscosa (3.0 kg) were collected from the Botan-

ical Garden, College of Pharmacy, King Saud University (KSU),
Riyadh, Saudi Arabia. The identity of the sample was confirmed
by Dr. Mohammed Yusuf, Field Taxonomist, Department of Phar-
macognosy, College of Pharmacy, KSU. The voucher specimen (vou-
cher #15787) has already been deposited in the Herbarium,
Pharmacognosy Department, College of Pharmacy, KSU, Riyadh,
Saudi Arabia.
2.1.2. Animals
Male Wistar rats (170–202 g) were acquired from the Central

Animal House Facility of King Saud University, Riyadh, Saudi Ara-
bia. They were kept in animal cages with 12-hour light and dark
cycles at 25 �C ± 2 �C. The rats were fed on standard rat chow
and provided water ad libitum. Ethical approval for the in vivo
experimental protocol used in this study was obtained from the
research ethics committee, King Saud University, Riyadh, Saudi
Arabia (KSU-SE-19–62).
2.1.3. Solvents and reagents
Analytical and spectroscopic grade solvents like n-hexane,

dichloromethane, chloroform, ethyl acetate, n-butanol, and metha-
nol were used in the extraction, fractionation, chromatographic
and spectroscopic analysis. But, deuterated solvents like methanol
and dimethyl sulfoxide are used in NMR analysis. All solvents were
purchased from (Sigma Aldrich, MO, USA). ELISA kits of TNF-a and
IL-6 and standard biomarkers involving caspase-3 (sc-22171-R),
Bax (sc-6236), Bcl-2 (sc-492), NF-jB (p65) (sc-398442), and b-
actin (housekeeping antibodies) (sc-47778), all kits and standard
biomarkers were purchased from (Santa Cruz Biotechnology, Inc.,
California, United States), were used for evaluation of neuroprotec-
tive activities.
2.1.4. Apparatus and equipment
A rotary vacuum evaporator was used to dry the extract and

fractions. Spectroscopic instruments like an ultraviolet lamp, UV–
VIS spectrophotometer (Shimadzu Corporation, Kyoto, Japan),
Fourier-transform infrared spectrometer (FTIR) (Shimadzu Corpo-
ration, Kyoto, Japan), Triple quadrupole mass spectrometer (TQMS)
(Waters Corp., Milford, MA, USA), and Bruker Avance DRX 700 MHz
spectrometer (Massachusetts, United States) was used to obtain 1D
and 2D NMR spectra at 700 and 175 MHz for 1H and 13C, respec-
tively. Bruker Bioapex FT–MS (Massachusetts, United States) was
used to obtain the EI mass spectra. In addition, Blade Scalpel (size
15), sutures (size 5–0), monofilament (size 0.4–0.45 mm) were
used in a surgical procedure. LI-COR C-Di-Git blot scanners
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(LI-COR Biosciences, Lincoln, NE, USA) were used in the Western
blot assay.

2.2. Experimental design

Twenty-four rats were randomly divided equally into four
groups (n = 6) as follows:

Group I: Control (CN): Each rat was given normal saline for
30 days and placebo surgery without ischemia/reperfusion
(MCAO).

Group II: MCAO: Each rat was treated with normal saline for
30 days before reperfusion. Reperfusion continued for 24 h follow-
ing 45-min middle cerebral artery occlusion (MCAO), and the rats
were sacrificed 24 h after ischemia.

Group III: Treated (DVME + MCAO): Each rat was given a dose
of 150 mg/ kg body wt. by gastric gavage for 30 days as pre-
treatment. Reperfusion proceeded for 24 h following 45 min
MCAO, and rats were sacrificed 24 h after ischemia.

Group IV: Treated (DVME + MCAO): Each rat was given a dose
of 300 mg/ kg body wt. and followed a similar procedure as for
group III.

2.3. Surgical procedure

The animals were anesthetized according to the method
described previously by Lee et al., 2014 and the surgical procedure
technique was followed as mentioned by Lemmerman et al., 2022.

2.4. Phytochemical evaluation methods

2.4.1. Extraction
The size reduction of air-dried leaves (3 kg) was done in a grin-

der and extracted by cold maceration with (8 L) 90 % methanol. The
extraction time was five days with occasional shakings to exhaust
the material and produce of good yield of extract. The extract was
concentrated using a rotary vacuum evaporator (Buchi Rotavap)
under reduced pressure. After drying, a total of dry crude extract
(DVME, 1.1 kg) was obtained.

2.4.2. Fractionation, isolation and purification of secondary
metabolites

Leaves extract (750 g) was subjected to fractionation using
organic solvents of successive increasing polarity (i.e. n-hexane,
chloroform, ethyl acetate, and n-butanol). It was transferred to a
separatory funnel, suspended in 1500 ml of distilled water, and
partitioned with 3 � 1250 ml of each solvent. The filtrate was con-
centrated using a rotary vacuum evaporator (Buchi Rotavap) under
reduced pressure (45 rpm) at 40 �C. The yield of the dried fractions
was 3.3 g = 0.77 %, 130.6 g = 30.51 %, 36.84 g = 8.61 %, 92.6g = 21.62
%, and 164.7 g = 38.48 % for the n-hexane, chloroform, ethyl acet-
ate, n-butanol and aqueous residues fractions, respectively. TLC
of all fractions was run using CHCl3: MeOH: Formic acid (70: 30:
2.5) as a mobile phase. Then the dried fractions were transferred
into separated glass containers and stored at � 20 �C until use.

2.4.3. Chromatographic methods
2.4.3.1. Compounds isolated from ethyl acetate fraction. Ethyl acetate
fraction (15 g) was chromatographed on a silica gel column (72 g,
80� 3 cm). Elution started with 100 % n-hexane, then with 50:50n-
hexane: chloroform after that with 90: 10 chloroform: methanol,
and polarity was increased with methanol to 100 %. The collected
fractions (150 ml each) were pooled depending on their TLC behav-
ior and homogeneity, and yielded eight major sub-fractions E1- E8,
using EtOAc: formic acid: AcOH: H2O (30: 0.8: 1.2: 8) as a mobile
phase.
3

2.4.3.2. The sub-fraction E-7. The sub-fraction E-7 (2 g) was re-
chromatographed on a reversed-phase column that was eluted
gradually starting from 90 % water with methanol. According to
their RP-TLC similarities, the collected fractions were merged into
six sub-fractions (1–6).

Sub-fraction 4 (70 mg) was eluted with water: methanol (70:
30) using a reversed-phase column and re-chromatographed again
on Sephadex LH20 column that eluted with methanol: dichloro-
methane (1: 2) to obtain four sub-fractions (1–4) based on their
TLC similarity. Sub-fraction 1 showed one major spot on TLC with
(Rf = 0.32), CHCl3: MeOH (75: 25) was used as a mobile phase. It
afforded 7.4 mg of compound (DVE-8).
2.4.3.3. The sub-fraction E-1. The sub-fraction E-1 (84 mg) was re-
chromatographed on a reversed-phase column. The column was
eluted gradually starting from water: methanol (90: 10). The col-
lected fractions were merged into five sub-fractions according to
their TLC similarities. Sub-fraction 2 showed one major spot on
the TLC (Rf = 0.21) using n-hexane: EtOAc (65: 35) as mobile phase
and afforded 21.9 mg compound DVE-12.
2.4.3.4. Sub-fraction E-5. The sub-fraction E-5 (1 g) was re-
chromatographed using a reversed-phase column. The column
was eluted gradually starting from water: methanol (70: 30). The
collected sub-fractions were merged into nine sub-fractions
according to their TLC similarities. Sub-fraction 8 exhibited four
spots, but one was major. Sephadex column was used to purify
the major spot using DCM: MeOH (2: 1) as eluent. Four sub-
fractions (1–4) were obtained; sub-fraction 2 showed one spot
with (Rf = 0.30) using RP-TLC, which developed with ACN: H2O
(70: 30). It afforded 22 mg compound (DVE-18).
2.5. Estimation of biomarkers of inflammation and apoptosis

2.5.1. Tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6)
tests

The injured areas of the brain tissue were removed 24 h after
MCAO that induced ischemia/reperfusion injury. The brain tissues
are washed in cold phosphate buffer slain (PBS) and placed into a
homogenate tube. An appropriate volume of PBS was added into
the tubes at 4 �C, to allow the tissues to be ground into 10 % homo-
genate. The supernatant was collected following centrifugation at
4,000 � g for 15 min. The protein levels of TNF-a and IL-6 were
determined using ELISA kits according to the manufacturer’s
instructions, which included the addition of 100 ll of appropriately
diluted samples to each well. Standards (triplicates) and blanks
were run with each plate to ensure accuracy (Sinha et al., 2001).
2.5.2. Western blot analysis
‘Briefly, denatured protein (20 lg per well) was loaded onto a

10 % polyacrylamide gel containing 0.1% sodium dodecyl sulfate
(SDS) buffer and electrophoresed at 120 V for 60 min. Immunoblot-
ting was performed as previously described (Koob et al., 2012).
20 lg of protein was transferred to polyvinylidene difluoride
(PVDF) membranes, blocked in 5 % skimmilk in tris-buffered saline
(TBS) buffer containing 1 % Tween 20, and incubated overnight
with the caspase-3 (sc-22171-R), Bax (sc-6236), Bcl-2 (sc-492),
NF-jB (p65) (sc-398442) and b-actin (housekeeping antibodies)
(sc-47778), followed by incubation with HRP-conjugated anti-rat/
rabbit/goat antibodies for 2 hrs at 25 �C. Bands were visualized
with the LuminataTM Western Chemiluminescent HRP Substrates,
and densitometric analysis of bands was performed using LI-COR
C-Di-Git blot scanners (LI-COR Biosciences, Lincoln, NE, USA).
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2.6. Statistical analysis

Data obtained from animal experiments were expressed as the
mean and standard error of the mean (mean ± SEM). Statistical dif-
ferences between the control and treated groups were evaluated
by one-way ANOVA and post hoc Tukey’s tests helping GraphPad
Prism-8 software. In all cases, P < 0.05 was considered to be
significant.
Fig. 1. Chemical structure of compound DVE-8.
3. Result and discussion

3.1. Characterization of isolated compounds from ethyl acetate
fraction

3.1.1. Characterization of compound DVE-8
Compound DVE-8 (7.4 mg) was obtained as a yellowish-white

powder. UV spectrum showed two k max absorption bands at
232 and 204 nm, indicating olefinic and aliphatic groups, respec-
tively. The IR spectrum showed strong absorption at 3437 cm1

indicating to a hydroxyl group, weak absorption at 2927 cm1 gave
indication methyl group, and a strong absorption at 1640 cm�1

exhibited the olefinic group. LC-MS/MS scanning spectrum demon-
strated a strong peak at m/z 531.32 [M�H]-, compatible with the
molecular weight 532. Furthermore, the LC-MS/MS fragmentation
spectrum clarified a molecular ion peak for the parent compound
at m/z 531.29 [M�H]- and other significant fragments at 369.26
[C19H29O7

�]- and 153.14 [C9H13O2
�]-, suggested the molecular for-

mula C25H40O12 which contains 6 degrees of unsaturation.
The 1H NMR spectrum showed resonances for three vinyl pro-

tons signals at dH 5.79 (brs, 1H, H-4), 5.72 (br. s, 1H, H-7), 5.73
(brs, 1H, H-8), isolated methylene dH 2.10 (d, J = 16.8 Hz, 1H, H-
2a) and 2.35 (d, J = 16.8 Hz, 1H, H-2b), two tertiary methyl protons
signals at dH 0.93 (s, 3H, H-11), 0.91 (s, 3H, H-12), a vinyl methyl
protons signal at dH 1.81 (d, J = 1.3 Hz, 3H, H-13), and one sec-
ondary methyl at dH 1.16 (d, J = 6.3 Hz, 3H, H-10) were assigned
as a megastigmane aglycone (215). Additionally, two anomeric
protons at dH 4.68 (d, J = 1.3 Hz, 1H, H-1‘) and 4.34 (d, J = 7.8 Hz,
1H, H-1‘‘) suggest the presence of a and b sugar units, respectively,
based on coupling constant, that assigned as aglycone moiety.

The 13C NMR spectrum displayed 25 carbon signals which were
further differentiated helping DEPT and HSQC to 4 quaternary car-
bons (comprising one keto group at dC 197.3 (C-3), two allylic car-
bons at dC 19.0 (C-13), 77.7 (C-6) and an aliphatic carbon at dC 39.8
(C-1), 3 two olefinic methines at dC 125.7 (C-4), 130.1 (C-7), 132.7
(C-8), one oxygenated methine at dC 71.9 (C-9), one methylene at
dC 49.3 (C-2), and four methyl carbons, at dC 23.1 (C-11), 24.0 (C-
12), 20.4 (C-10), 19.0 (C-13), were assigned to megastigmane
skeleton (Wang et al. 2011). Besides, two anomeric carbons at dC
98.2 (C-1‘), 104.6 (C-1‘‘), oxygenated aliphatic methine carbons at
dC 69.8 (C-2‘), 81.9 (C-3‘),70.9 (C-4‘), 68.2 (C-5‘), 74.0 (C-2‘‘), 76.6
(C-3‘‘), 69.9 (C-4‘‘), 76.1 (C-5‘‘), one oxygenated methylene carbon
at dC 61.4 (C-6‘‘), and one methyl carbon at dC 17.7 (C-6‘) were
accounted for a glycone moiety (a- rhamnopyranosyl and b-
glucopyranose units) (Fig. 1).

In the COSY spectrum dH 5.73 (brs, 1H, H-7) was coupled with
5.72 (bro. s, 1H, H-8) while, 4.23 (m, H-9, 1H) was coupled with
both 5.72 (brs, H-8, 1H) and 1.16 (d, J = 5.5, H-10, 1H).

Also, HMBC correlations showed long bond correlation; dH 1.81
(d, J = 1.3 Hz, H-13, 3H) to C-4, C-5, C-6. Moreover, dH 5.79 (brs, H-4,
1H) to C-2, C-3, C-6. Also, vinylic protons at dH 5.73 (brs, H-7, 1H)
correlated to C-6 and C-9, clarifying the keto group at C-3, D5 at
C-4/C-5 and D7 at C-7/C-8, respectively, at megastigmane moiety.
Besides, an anomeric proton at dH 4.68 (d, J = 1.3 Hz, H-1‘) corre-
lated to C-9 and C-3‘ supporting the a- rhamnopyranosyl was
attached to C-9 of megastigmane moiety via (1‘?9) linkage while
4

secondary anomeric proton at dH 4.34 (d, J = 7.8 Hz, H-1‘‘, 1H) cor-
related to C-2‘, C-2‘‘, and C-3‘‘ confirming the connection of anome-
ric carbon C-1‘of a- rhamnopyranosyl unit to C-3‘, C-2‘‘ and C-3‘‘of
b-glucopyranose moiety via (1‘‘?3‘) linkage (Fig. 2). The 1H NMR
and 13C NMR data are shown below in Table 1.

The spectroscopic data of DVE-8 are mostly similar to a previ-
ously isolated compound like corchoionoside C and vomifoliol
from Capparis spinose and Zizyphi Fructus, respectively, exempted
they contain only one glucose unit (Çalıs� _I et al., 2002) as well as
megastigmane glucoside from Lonicera gracilipes var. Glandulosa,
except for the presence of b - rhamnopyranose instead of
a-L-arabinopyranosyl unit (Matsuda et al., 1997). Therefore, the
structure of DVE-8 was determined as (6S, 9R) - vomifoliol �9-b-
D-glucopyranosyl (1‘‘-3‘) -O- a-L-rhamnopyranoside. By referring
to what was published in the literature, this constituent is a new
compound and it is the first time to be isolated from a natural
source. The chemical structures of isolated known compounds vis-
cosine (DVE 12) and catechin (DVE 18) are depicted in Fig. 3 and
the spectral details are attached as supplementary material.
3.2. Neuroprotective findings

Cerebral ischemic stroke is one of the clinically severe brain dis-
eases. However, there is a lack of effective neuroprotective therapy
in its acute phase. Nowadays, it has become essential to solve this
problem by exploring safe and effective neuroprotective drugs. Our
study demonstrated that pre-treatment with DVME provides neu-
roprotective effects through anti-inflammatory, and anti-apoptotic
activities after cerebral MCAO injury. According to previous stud-
ies, the MCAO model induced focal cerebral ischemia in experi-
mental rats. Post-ischemia reperfusion restores blood flow to
ischemic brain tissues associated with activation of the inflamma-
tory response, upregulation of pro-apoptotic factors, and downreg-
ulation of anti-apoptotic factors expression (Gao et al., 2017).
Toxicity study has been established in many research articles
based on the toxic effects and anti-inflammatory effects of D. vis-
cosa. The dose of D. viscosa was mentioned as 100–300 mg/ kg.
There is no toxicity reported up to 2000 mg/ kg dose of D. viscosa
(Ramkumar and Periyasamy, 2019).
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Fig. 2. HMBC and COSY correlations of DVE-8.

Table 1
1H and 13C NMR data for compound DVE-8 (700 MHz, 175 MHz, DMSO d6).

Position dC (ppm) dH (ppm) Multiplicity and J (Hz) value

1 39.8 – –
2a 49.3 2.10 d, J = 16.8, 1H
2b 2.35 d, J = 16.8, 1H
3 197.3 – –
4 125.7 5.79 brs, 1H
5 163.7 – –
6 77.7 – –
7 130.1 5.72 brs, 1H
8 132.7 5.73 brs, 1H
9 71.9 4.23 m, 1H
10 20.4 1.16 d, J = 6.3, 3H
11 23.1 0.93 s, 3H
12 24.0 0.91 s, 3H
13 19.0 1.81 d, J = 1.3, 3H
1‘ 98.2 4.68 d, J = 1.3, 1H
2‘ 69.8 3.81 brt, J = 4.6 1H
3‘ 81.9 3.50 m, 1H
4‘ 70.9 3.38 m, 1H
5‘ 68.2 3.51 m, 1H
6‘ 17.7 1.11 d, J = 6.2, 3H
1‘‘ 104.6 4.34 d, J = 7.8, 1H
2‘‘ 74.0 3.03 m, 1H
3‘‘ 76.6 3.11 m, 1H
4‘‘ 69.9 3.06 m, dd J = 9.1, 2.6,1H
5‘‘ 76.1 3.14 m, 1H
6‘‘a 61.4 3.42 m, 1H
6‘‘b 3.63 dd, J = 11.6, 2.5,1H
6-OH – 5.09 s, 1H
2‘–OH – 4.54 d, J = 4.6, 1H
4‘–OH – 4.89 d, J = 3.3, 1H
2‘‘–OH – 5.24 brs, 1H
3‘‘- OH – 4.99 brs, 1H
4‘‘ –OH – 4.93 brs, 1H
6‘‘ –OH – 4.43 t, J = 5.6, 1H
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Fig. 3. Chemical structure of viscosine DVE-12 (A) and catechin DVE-18 (B).
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Fig. 5. The effects of Dodonaea viscosa extract on IL-6 level in the brain of different
groups. Statistical analysis was done using one-way ANOVA followed by post-hoc
Tukey test. Values represent means ± (SEM) of each group, *P < 0.05 compared to
normal group, #P < 0.05 compared to MCAO group.

ig. 6. The effects of Dodonaea viscosa extract on NF-jB level in the brain of
ifferent groups. Statistical analysis was done using one-way ANOVA followed by
ost-hoc Tukey test. Values represent means ± (SEM) of each group, *P < 0.05
ompared to normal group, #P < 0.05 compared to MCAO group.
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3.2.1. Neuroinflammation
3.2.1.1. TNF-a. TNF-a was elevated significantly in the hippocam-
pus region after induced transient focal cerebral ischemia in rats.
It was significantly decreased (p < 0.05) in the MCAO group, as
compared with the normal group. But in DVME pretreated groups
TNF-a level in the hippocampus decreased significantly (p < 0.01)
in a dose-dependent manner compared with the MCAO group.
TNF-a abolished markedly in pretreated groups with different
doses of DVME (150 and 300 mg/kg), by approximately
(35.47and 49.32 %), respectively (Fig. 4).

3.2.1.2. Il-6. In the MCAO group, the IL-6 level was increased signif-
icantly (p < 0.05) in the brain as compared with the normal group.
While pretreatment with DVME (150 and 300 mg/kg) showed a
significant (p < 0.05) dose-dependent decline in IL-6 level as com-
pared with the MCAO group. DVME pretreatment groups (150 and
300 mg/kg) exhibited a significant reduction in IL-6 level by
approximately 83.49% and 122.58%, respectively, compared with
the MCAO group (Fig. 5).

3.2.1.3. Nf-jB. In comparison with the normal group, the MCAO
group exhibited a significantly high NF-Κb expression in the brain
(P < 0.05). While pretreated groups with DVME (150 and 300 mg/
kg/d) showed a significant reduction in expression of NF-jB
(P < 0.05), vs the MCAO group. Marked down-regulation in NF-kB
expression (approximately 67.99% and 74.92%) was observed in
pretreated groups with DVME (150 and 300 mg/kg/d, respectively)
when compared with MCAO (Fig. 6).

Neuroinflammation is excited during cerebral I/R and partici-
pates in the deterioration of the neurological outcome and even
brain cell death. In cerebral hypoxia, circulating neutrophil cells
and leukocytes are stimulated to migrate toward the injured
region, cross the BBB, and contribute to brain tissue damage
(Franklin S, 2017). However, pro-inflammatory cytokines are
released causing a secondary neuro-destructive cascade. Pro-
inflammatory cytokines such as TNF a and IL-6 levels are markedly
elevated during cerebral ischemia, this abnormal elevation con-
tributes to brain damage as well as feedback stimulation of circular
leukocytes adhesion, trans-endothelial migration, and expression
of intracellular adhesion molecule 1, exacerbating the post-
ischemic injury (Feigin et al., 2020; Ahmad MS et al., 2021)
Neuro-inflammatory response leads to losing the integrity of
BBB, accumulation of fluid in the brain, loss of neuronal cell func-
tion, and finally neuronal cell death (Rasool et al., 2014). In our
study, we evaluated the anti-inflammatory effect of DVME using
experimental rats exposed to MCAO in order to induce focal cere-
Fig. 4. The effects of Dodonaea viscosa extract on TNF-a level in the brain of
different groups. Statistical analysis was done using one-way ANOVA followed by
post-hoc Tukey test. Values represent means ± (SEM) of each group, *P < 0.05
compared to normal group, #P < 0.05 compared to MCAO group.
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bral ischemic after 30 days of oral administration of DVME (150
and 300 mg/kg). However, pro-inflammatory cytokines levels,
TNF-a, and IL-6 were used as biomarkers to the evaluation of the
neuroprotective activity of DVME.

NF-jB is the transcription factor that accounts for the key reg-
ulator of the inflammatory response. It regulates gene expression
in a wide range of biological processes. In the central nervous sys-
tem, NF-jB plays a dual role in neuronal survival after cerebral I/R
through the regulation of neuro-inflammatory and apoptosis gene
expression (Bähr, M., 2006). In a clinical study, the expression of
NF-jB was detected in the cerebral infarct area in both ischemic
and penumbra regions but not in the unaffected one in the post-
mortem human brain (Lo et al., 2003). Additionally, it has demon-
strated that NF-kB expression increased in transient and
permanent MCAO after cerebral ischemia in the animal model. Fur-
thermore, a previous report established the contribution of NF-jB
in worsening brain infarction during cerebral ischemia and sug-
gested the neuroprotective effect may be attributable to the inhibi-
tion of NF-jB activation (Prabhakaran et al., 2015). In our study,
the elevation of NF-jB expression was markedly detected in the
brain of the MCAO group and was conjugated with an elevation
of inflammatory, apoptotic markers as well infarct volume and
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f different groups. Statistical analysis was done using one-way ANOVA followed by
ost-hoc Tukey test. Values represent means ± (SEM) of each group,*P < 0.05
ompared to normal group, #P < 0.05 compared to MCAO group.
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neurological score. While the NF-jB expression was markedly
downregulated in the pretreated DVME (150 and 300 mg/kg/d)
groups in a dose-dependent manner ameliorating the inflamma-
tory and apoptotic markers besides improvement of infarct volume
and neurological behaviors. This result agrees with a previously
published study that stated the anti-inflammatory effect of
polyphenolics-rich plants like D. viscosa on cerebral endothelial
cells (Testai and Aiyagari, 2008).

TNF-a is one of the pro-inflammatory cytokines which is rapidly
upregulated in the brain after ischemic injury enhancing BBB per-
meability, oxidative stress, and apoptosis. However, the interven-
tions targeting this biomarker showed a therapeutic value and
protected against I/R injury in the brain (Khan et al., 2013). Our
finding showed a significant elevation in TNF-a level in the MCAO
group vs the baseline of the normal group, this elevation was sug-
gested to deteriorate the structure and function of vascular and
neuronal cells in the brain. But, DVME pretreatment (150 and
300 mg/kg) for 30 days reduced this elevation significantly and
protected against cerebrovascular cell injury. These results agreed
with a previous study which demonstrated a clear improvement in
BBB integrity, ROS production, and apoptosis using TNF-a antibody
in the cell culture model (Bryan and Waxman, 2006).

IL-6 is a pro-inflammatory cytokine its levels often correlate to
the severity of a wide variety of pathological disorders involving
ischemia-induced brain injury. It has been reported controversial
role of IL-6, some studies suggested that IL-6 has anti-
inflammatory activity (Sanderson et al., 2013) While others stated
its role in saving the neural cell against viral-induced demyelina-
tion suggested using IL-6 in the treatment of neurodegenerative
disorders (Uzdensky AB, 2019). Also, It has been reported that
the infarct size was similar in IL-6 deficient mice in comparison
with wild type suggesting that IL-6 does not participate in the
pathogenesis of focal cerebral ischemia (Tiwari et al., 2019). On
the other side, was closely correlated with the risk of incident
stroke in a biracial population-based study, IL-6 mediated a racial
difference in stroke through the inflammatory effects of risk factors
(Wu & Cederbaum, 2003). In our study, the IL-6 level in the brain
was significantly elevated in the MCAO group while DVME pre-
treatment groups (150 and 300 mg/kg/d) showed a marked reduc-
tion, dose-dependently, in IL-6 level and was associated with a
significant reduction in infraction volume. Our observations agreed
with previous studies that reported the destructive effect of
induced IL-6 in cerebral I/R besides the neuroprotective effect of
DVME through suppression of neuro-inflammatory response (Wu
& Cederbaum, 2003).

Neuroinflammation is a major pathological process that is trig-
gered by ischemic stroke (Chan et al., 1984). Inflammatory
response induced by several signals such as NF-kB gen and cytoki-
nes like TNF-a and IL-6 proteins which are released from activated
lymphocytes and microglia leads to further immune cell activation
as well as damage of brain tissues (Javier Jiménez et al., 2016). Pre-
viously published studies reported that the inhibition of microglia
activation and suppression of NF-kB, TNF-a, and IL-6 enhances
neuroprotection by minimizing brain infarction and amelioration
of neurological dysfunction (Kanamori et al., 2010). In our study,
we observed those pro-inflammatory cytokines TNFa and IL-6
were evaluated after transient cerebral I/R. The mean TNF-a and
IL-6 levels increased in the I/R injury group compared with the nor-
mal group. Treatment with DVME significantly attenuated the
expression of NF-Kb and production of TNF-a and IL-6, which
may attributable to the anti-inflammatory activity of DVME, these
finding agreed with previous reports. D. viscosa contains a wide
range of bioactive compounds mostly flavonoids, and phenolics
with anti-inflammatory activity and owning suggested to produce
neuroprotective activity against neurodegenerative disorders
(Costa et al., 2015).
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3.2.2. Apoptosis
3.2.2.1. Caspase-3. A caspase-3 expression was significantly evalu-
ated in the hippocampus of the rat group with MCAO vs normal
group, (p < 0.05). While pretreated groups with DVME (150 and
300 mg/kg) showed a significant Caspase-3 overexpression in a
dose-dependent manner in comparison with the MCAO group,
(p < 0.05). Both low dose (150 mg/kg/d) and high dose (300 mg/
kg/d) of DVME exhibited a marked down-regulation of Caspase-3
expression by approximately 49.61% and 64.80 %, respectively,
vis MCAO group (Fig. 7).

3.2.2.2. BAX. In comparison with the normal group, the MCAO
group revealed a significant upregulation of BAX protein expres-
sion in the brain (P < 0.05). While compared with the MCAO group,
pretreated groups with DVME (150 and 300 mg/kg/d) showed sig-
nificant downregulation of BAX expression (P < 0.05). In the DVME
pretreated groups (150 and 300 mg/kg/d), BAX expression was
downregulated by approximately 34.13% and 65.55%, respectively;
vs the MCAO group (Fig. 8).

3.2.2.3. Bcl-2. Expression of anti-apoptotic Bcl-2 protein was signif-
icantly downregulated in the brain of the MCAO group compared
to the normal group of rats, (P < 0.05). On the other hand, the
Bcl-2 expression was significantly upregulated in the brain of
DVME pretreated (150 and 300 mg/kg/d) groups compared to the
MCAO group of rats, (P < 0.05). DVME pretreatment groups showed
a marked Bcl-2 overexpression, both low-dose and high doses
(300 mg/kg/d) exhibited Bcl-2 overexpression, approximately
142.04% and 199.43% (Fig. 9).

It has been established that acute cerebral I/R injury may initi-
ate pathological processes including glutamate release, calcium
overload, and inflammatory response, all of which can contribute
to neuronal apoptosis (Shao et al., 2020). Apoptosis (programmed
cell death) stimulates the apoptotic-related protein cascade within
apoptotic cells, which plays a key role in the etiology of cerebral
ischemia–reperfusion injury (Ighodaro et al., 2018). Specific apop-
tosis proteins were measured and determined in cerebral I/R insult
and suggested the occurrence of several apoptosis pathways
involving extrinsic and intrinsic apoptotic pathways (Berghian
et al., 2012). During the intrinsic pathway, the mitochondria under
the effect of oxidative stress release Cyt c which interacts with pro-
caspases leading finally to activation of caspase-3 which induces
F
o
p
c



Fig. 8. The effects of Dodonaea viscosa extract on BAX level in the brain of different
groups. Statistical analysis was done using one-way ANOVA followed by post-hoc
Tukey test. Values represent means ± (SEM) of each group, *P < 0.05 compared to
normal group, #P < 0.05 compared to MCAO group.

Fig. 9. The effects of Dodonaea viscosa extract on Bcl-2 level in the brain of different
groups. Statistical analysis was done using one-way ANOVA followed by post-hoc
Tukey test. Values represent means ± (SEM) of each group, *P < 0.05 compared to
normal group, #P < 0.05 compared to MCAO group.

N.A. Siddiqui, O.M. Almarfadi, A.A. Shahat et al. Journal of King Saud University – Science 35 (2023) 102704
the occurrence of apoptosis. Extrinsic pathway depends on the
activation of cell surfaces death receptors such as Fas receptor
and TNF-receptor, resulting in the activation of caspase-3. While
intrinsic apoptotic pathways are regulated by the Bcl-2 family
including Bcl-2 and Bax, a group of mitochondrial proteins
(Ahmad et al., 2019).

Caspase-3 is a member of the cysteine protease family playing a
critical role in apoptosis. Several previous studies have shown that
caspase-3 is a major effector in the apoptosis process triggered by
cerebral ischemia (Allan and Rothwell, 2001). In the mammalian
brain, caspase-3 serves as a cell death mediator that is upregulated
during hypoxia suggesting the possible benefits of Caspase-3 sig-
naling pathway suppression to cataract the cell death during cere-
bral I/R injury (Dawes et al., 2018). Our result showed that
expression of Caspase-3 was upregulated in the MCAO group vs
normal group, but in the DVME pretreated group (150 and
300 mg/kg/d), it was markedly downregulated in a
dose-dependent manner in comparison with the MCAO group sug-
gesting the inhibition of the apoptotic cell death. This finding was
compatible with a previous report that stated the neuroprotective
8

activity of the Sapindus laurifolia, (Sapindaceae) family, through
attenuation of apoptotic markers such as caspase-3 in neurodegen-
erative diseases (Wytrykowska et al., 2016).

Bcl-2 is an anti-apoptotic protein that inhibits apoptosis and
enhances cell survival, Bcl-2 overexpression inhibits neural cell
death by stabilizing of mitochondrial membrane preventing the
release of Cyt C that activates executive caspase-3 protein. A previ-
ous study demonstrated the relationship between Bcl-2 overex-
pression and the neuroprotective effect against hypoxia-induced
cerebral injury (Han et al., 2002). Our findings clearly depict that
the MCAO-induced Bcl-2 downregulation was significantly con-
tracted by DVME Pretreatment (150 and 300 mg/kg/d) and sug-
gested that Bcl-2 protects the brain tissues against apoptotic cell
death. This result agreed with the previously published (Nogawa
et al., 1997).

BAX is a potent pro-apoptotic protein. It plays role in the regu-
lation of programmed cell death. It has been established that dur-
ing hypoxia-induced stress, BAX expression is upregulated and
translocated from the cytosol to the mitochondria enhancing the
release of Cyt C and activation of terminal caspases. While inter-
rupted Bax-mediated apoptosis pathway may protect against
ischemic neuronal injury (Fonnum, F., 1984). Our study showed a
significant elevation of BAX expression in the MCAO group vs the
normal group. However, BAX expression was significantly down-
regulated in dose-dependent in DVME pretreated groups (150
and 300 mg/kg/d) enhancing brain cell survival against I/R stress.
These findings were compatible with a previous study that evalu-
ated the neuroprotective effect of pinocembrin, a flavonoid isolated
from a variety of plants like D. viscosa, against ROS-induced neuro-
toxicity through downregulation of BAX expression preventing
apoptosis and enhancing cell survival (Pellerin and Magistretti,
1994). It Has been demonstrated that cerebral I/R induces the
expression of BAX and caspase-3 while downregulating BcL-
expression aggravating neural cell apoptosis and infarct volume
in brain tissues, However, herbal drugs that counteract the endoge-
nous apoptotic proteins and showing marked improvement in
infarction volume may protect the brain cells against cerebral
ischemia (Nogawa, et al., 1997).). In our study, DVME showed
ant-apoptotic potential activity through upregulating Bcl-2 expres-
sion and down regulation Bax expression and caspase-3 activation
suggesting the increased livability of the viable of brain cells at risk
after focal cerebral I/R injury, reducing the infarct volume and pre-
vent further ischemic injury (Nogawa, et al., 1997).
4. Conclusion

The structure of the new compound was elucidated as (6S,
9R)-vomifoliol-9-b-D-glucopyranosyle (1‘‘-3‘)-O-a-L-rhamnopy-
ranoside (DVE-8) while the structures of the known compounds
were elucidated as viscosine (DVE-12), and catechin (DVE-18).
All compounds were characterized on the basis of spectroscopic
analysis and by comparing literature data. Generally, this study
may suggest that the isolated compounds could be responsible
for the neuroprotective effect of D. viscosa leaves extract mediated
through anti-inflammatory and anti-apoptotic mechanisms. The
levels of proinflammatory cytokines were significantly reduced
(TNF-a and IL-6; both P < 0.05), and NF-jB gene expression was
significantly downregulated (P < 0.05). Furthermore, the level of
anti-apoptotic Bcl–2 gene expression was significantly upregulated
(P < 0.05), whereas the level of BAX and caspase–3 gene expression
were significantly downregulated (P < 0.05). Therefore, the neuro-
protective effect of D. viscosa leaves extract on MCAO-induced
ischemic stroke may be due to the anti-inflammation, and anti-
apoptosis activities. The findings of the present study may suggest
that D. viscosa leaves extract supplementation may serve as



N.A. Siddiqui, O.M. Almarfadi, A.A. Shahat et al. Journal of King Saud University – Science 35 (2023) 102704
valuable adjuvant therapy in the treatment of ischemic stroke due
to its neuroprotective effects. However, further studies may be
required to explore some new leads and the isolated new
compounds from D. viscosa leaves extract and their involvement
in neuroprotection through different possible mechanisms and
pathways.
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