
Med Chem Res (2018) 27:768–776
DOI 10.1007/s00044-017-2100-x

MEDICINAL
CHEMISTRY
RESEARCH

ORIGINAL RESEARCH

Flavones from Heavenly Blue as modulators of Alzheimer’s
amyloid-beta peptide (Aβ) production

Hanem M. Awad1 ● Howaida I. Abd-Alla 2
● Mohamed A. Ibrahim2,3

●

Eslam R. El-Sawy2 ● Mohamed M. Abdalla4

Received: 10 August 2017 / Accepted: 12 October 2017 / Published online: 30 November 2017
© Springer Science+Business Media, LLC 2017

Abstract Phenolic constituents are the principle bioactive
compounds exist in Heavenly Blue (Ipomoea). Little was
found in the literature concerning the previous phyto-
chemical and biological studies of Ipomoea tricolor. From
leaves of this plant, six compounds were identified: rhoi-
foloside (1), luteolin-7-O-β-D-glucoside (2), 5,7,4′-trihy-
droxy-6-methoxyflavone-7-O-β-D-glucoside (3), apigenin
(4), 5,7-dihydroxy-3,3′,4′-trimethoxyflavone (5), and 2-
hydroxymethylhydroquinone-6-carbaldehyde (6). Their
structures were elucidated on the basis of chromatographic,
chemical, and spectroscopic methods. All metabolites were
reported for the first time in the genus Ipomoea. In vitro and
in vivo investigations of the flavones 1, 3, and 5 were

assessed as modulators of Alzheimer’s amyloid-beta peptide
(Aβ) production. The results indicated that all the three
flavones were able to modulate the Aβ concentration both
in vitro and in vivo without any cytotoxic effect. A dose-
dependent inhibition of Aβ42 secretion was observed. The
results showed no inhibition activity of these flavones
against cyclooxygenase (COX)-1 and COX-2 up to 500 nM
concentration and concomitant reduction in prostaglandin
synthesis, indicating that the reduction in Aβ42 levels may
be independent of COX activity.
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Introduction

Phenolic compounds have been reported to inhibit the
development of neurodegenerative diseases like Alzheimer
disease (AD) (Williams and Spencer 2012). Different plant
phenolics showed strong inhibition against prolyl endo-
peptidase, a serine protease, widely distributed in various
organs, particularly in the brains of AD patients (Lee et al.
2007; Rizk et al. 2017). These phenolics including flavones
have also the potential to prevent the progression of neu-
rodegenerative pathologies and to promote cognitive
performance.

Ipomoea ‘Heavenly Blue’ is a twining annual with heart-
shaped leaves and funnel-shaped, sky-blue flowers. Several
phenolic compounds, namely, phenolic acids, flavonoids,
and organic acids have been described in several Ipomoea
species (Meira et al. 2012). In addition, Ipomoea species are
known for the presence of anthocyanins, are known potent
antioxidants (Meira et al. 2012).
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The in vitro immune stimulating activity of I. pes-caprae
extract was reported in human mononuclear cells (Philippi
et al. 2010). I. obscura was reported to ameliorate
cyclophosphamide-induced toxicity by modulating the
immune system and levels of proinflammatory cytokine and
GSH (Hamsa and Kuttan 2010). Nitric oxide (NO)
scavenging activity of I. digitata was reported and may
regulate pathological conditions caused by excessive gen-
eration of NO and its oxidation product, peroxynitrite
(ONOO−) (Meira et al. 2012). I. batatas, of 17 Korean
native plants, exerted the highest protective effects against
the oxidative stress induced by amyloid beta peptide (Aβ).
The effectiveness was determined using the assays of 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
and 2′,7′-dichlorofluorescin diacetate (Kim et al. 2011). In
biochemical studies, the level of lipid peroxidation was
reduced by the administration of the plant extract and
increased catalase activities using the brain tissue of mice.
The scavenging ability of trypsin inhibitor, isolated from I.
batatas, against NO and ONOO− was reported as well
(Huang et al. 2007).

Aβ has been shown to induce the mitochondrial dys-
function, redox imbalance and caspase activation, which
results in neuronal cell death. Treatment with antioxidants
provided a new therapeutic strategy for AD patients. AD is
the most common age-related neurodegenerative disorder
characterized pathologically by senile plaque.

The anthocyanins of purple I. batatas are well known
strong radical scavengers. Their effect on Aβ toxicity in
PC12 cells was reported to reduce the intracellular reactive
oxygen species generation, Aβ-induced toxicity and lipid
peroxidation dose-dependency (Ye et al. 2010).

Phenolic compounds, such as scopoletin and taraxerol
that were isolated from the root of I. digitala, inhibited
acetylcholinesterase (AChE) activity. This enzyme is
responsible for the metabolic hydrolysis of the neuro-
transmitter acetylcholine. Polyacylated anthocyanins in
flower petals of Heavenly Blue can efficiently screen
harmful UV-B induced DNA damage (Mori et al. 2005).
This action might be largely due to aromatic acyl residues.
Other bioactive metabolities as ergotamine, an ergoline
alkaloid, isolated from the plant (Meira et al. 2012; Rosas-
Ramírez et al. 1996) showed a vasoconstrictor activity and
is useful in the treatment of migraine headaches (Meira et al.
2012).

In literature, little was found concerning the phyto-
chemical and biological studies of Heavenly Blue plant.
This, together with the reported importance of Ipomoea
species activity (Meira et al. 2012; Mori et al. 2005; Rosas-
Ramírez et al. 1996) influenced the authors to study the
phenolic profile of Heavenly Blue (I. tricolor) leaves,
alongside the in vitro and in vivo investigation of major
flavones as modulators of Alzheimer’s Aβ production.

Materials and methods

Plant materials

Leaves of Heavenly Blue; Ipomoea tricolor Cav. (Family:
Convolvulaceae) were collected in May 2014 from a private
nursery for ornamental plants, El-Qanater, Qalyubia gov-
ernorate. The identification of the plant was performed by
Treas Labib, Herbarium Section, El-Orman Botanical Gar-
den, Giza, Egypt. A voucher specimen is deposited in the
herbarium of the National Research Centre, Egypt.

Chemicals and analytical instruments

The NMR spectra were recorded at 300, 400 (1H) and 75,
100 (13C) MHz, respectively, on a Varian Mercury 300
(Palo Alto, CA, USA) and JEOL GX-400 NMR spectro-
meters, using the DMSO-d6, CD3OD or CDCl3 deuterated
solvents. The chemical shifts (δ) are reported in parts per
million (p.p.m.) and coupling constants (J) in Hz. The UV-
analyses of the pure samples were recorded, separately, as
MeOH solutions and with different diagnostic UV shift
reagents on a Shimadzu UV 240 (P/N 240–58000) instru-
ment. Thin layer chromatography (TLC) was performed on
pre-coated silica gel 60 F254 plates (0.2 mm, Merck). Col-
umn chromatography was carried out on silica gel Merck 60
(230–400 mesh), Sephadex LH-20 (Pharmacia, Uppsala,
Sweden), microcrystalline cellulose (Merck, Darmstadt,
Germany), and polyamide S (Fluka, Steinheim, Switzer-
land). For paper chromatography, Whatman No. 1 paper
sheets (Whatman Ltd., Maidstone, England) were used. The
spray reagents; R1: Naturstoff reagent, NA/PE (a) 1%
diphenyl boryloxyethanolamine in ethanol, (b) 5% poly-
ethylene glycol 400 in methanol, heating the dry chroma-
togram at 120 °C for 10 min and visualizing under UV light
(365 nm) and R2: AlCl3 (1% in ethanol) were used to
visualize the compounds. Solvent systems S1 [n-BuOH/
HOAc/H2O (4:1:5, v/v/v, top layer)], S2 (15% aqueous
HOAc), and CH2Cl2/MeOH (S3, 8:2 and S4, 9:1, v/v)] were
used.

Phytochemical study

Extraction and isolation

The air-dried powdered leaves of Heavenly Blue (1.3 kg)
were exhaustively extracted with 80% aqueous methanol (3
L, then 3× 2 L) at room temperature by maceration method.
The solvent was removed under reduced pressure to give
69.2 g. The extract was defatted with light petroleum ether
(60–80 °C, 3× 2 L) to afford a viscous brown residue (56.2 g).
The defatted residue was dissolved in water, and the water-
soluble part was desalted by precipitation with excess
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methanol to give a dry brown residue (33.7 g). This residue
was suspended in deionized water and was subjected to a
preliminary fractionation on a polyamide S column (C)
using a step-gradient of water/methanol (100:0–0:100 v/v)
for elution. The homogeneity of the fractions was tested by
comparative paper chromatography (Co-PC), comparative
thin layer chromatography (Co-TLC) with the use of sui-
table solvent systems (S1–S4). Accordingly, the fractions
(53 fractions, 100 mL each) were collected into five major
collective fractions (I–V). A dark material of fraction I
(water, 8.3 g) was found to be of non-phenolic character.
Fraction II (10–30% methanol, 4.2 g) was applied on silica
gel sub-column with methylene chloride: methanol (3:1) as
an eluent, followed by repeated column chromatography
(CC) on Sephadex LH-20 with methanol (20%) for elution
to afford pure compounds 1 (38 mg) and 2 (16 mg). Fraction
III (35 –60% methanol, 5.2 g) was chromatographed on
microcrystalline cellulose CC using n-butanol/iso-propanol/
water, 4:1:5 v/v/v, organic layer) as an eluent, followed by
repeated and separate CC on Sephadex LH-20 C eluted with
methanol/water (70:30–100:0 v/v) to give compounds 3 (29
mg) and 4 (13 mg). Fraction IV (70% methanol, 1.9 g) was
separated on a Sephadex C twice with methanol as an eluent
resulting in compound 5 (25 mg). Fraction V (85%
methanol, 0.9 g) was subjected to silica gel column eluted
with n-hexane: dichloromethane (1:1) for elution to afford 6
(14 mg). Co-PC using Whatman grade no. 1 filter paper
(systems S1 and S2) and co-TLC (systems S3 and S4) were
used, with spraying by R1 and R2 spray reagents for
visualizing and the detection of the compounds. Complete
acid hydrolysis of major compounds 1 and 3 was carried out
using 2-NHCl and reflux for 3 h. The reaction mixture was
diluted with water and then extracted with ethyl acetate. The
aglycones (in the organic phase) and the sugar moieties (in
the aqueous phase) were identified by co-TLC and co-PC,
respectively. Sugar samples were identified by co-PC with
authentic standards in pyridine-EtOAc-AcOH-H2O; 36:36:
7:21, v/v/v/v) for elution and aniline phthalate (0.93 g ani-
line and 1.66 g phthalic acid dissolved in 100 mL n-butanol
saturated with water, and heat to 105 °C) as spray reagent.
The spectral data of isolated compounds were illustrated as
the following:

Compound (1): yellow amorphous powder; Rf: 0.32 (S1)
and 0.55 (S2); UV spectral data: λmax, nm, (MeOH): 270,
334, (+NaOMe): 242sh, 272, 300, 390, (+NaOAc): 266,
350, 389sh, (+NaOAc/H3BO3): 269, 336, (+AlCl3): 274,
300, 348sh, 388, (+AlCl3/HCl): 275, 304, 347, 385; 1H
NMR (300MHz, DMSO-d6): δ p.p.m. 7.90 (2 H, d, J= 8.7
Hz, H-2′/6′), 6.94 (2 H, d, J= 8.7 Hz, H-3′/5′), 6.76 (1 H, d,
J= 2 Hz, H-8), 6.34 (1 H, d, J= 2 Hz, H-6), 5.20 (1 H, d, J
= 7 Hz, glucose H-1"), 5.12 (1 H, brs, rhamnose H-1‴),
3.74-3.19 (m, rest of sugar protons), 1.16 (3 H, d, J= 6 Hz,
CH3-6‴);

13C NMR (75MHz, DMSO-d6): δ p.p.m. 182.2

(C-4), 164.4 (C-2), 162.6 (C-7), 161.3 (C-5), 161.2 (C-4′),
157.0 (C-9), 128.6 (C-2′/6′), 121.2 (C-1′), 116.1 (C-3′/5′),
105.5 (C-10), 103.4 (C-3), 100.5 (C-1‴), 99.4 (C-1"), 98.9
(C-6), 94.6 (C-8), 77.3 (C-5"), 77.1 (C-2"), 76.4 (C-3"),
72.0 (C-4‴), 70.6 (C-2‴), 70.5 (C-3‴), 69.7 (C-4"), 68.4 (C-
5‴), 60.5 (C-6"), 18.2 (C-6‴).

Compound (2): yellow amorphous powder; Rf: 0.15 (S1)
and 0.36 (S2); UV spectral data: λmax, nm, (MeOH): 257,
266, 356, (+NaOMe): 270, 406, (+NaOAc): 257, 266, 352,
(+NaOAc+H3BO3): 260, 372, (+AlCl3): 274, 294sh, 324sh,
429, (+AlCl3/HCl): 272, 298sh, 356sh, 380;

1H NMR (400
MHz, CD3OD): δ p.p.m 8.47 (1 H, br s, OH-5), 7.89 (2 H,
d, J= 8.1 Hz, H-2′/6′), 6.92 (2 H, d, J= 8.1 Hz, H-5′), 6.88
(1 H, d, J= 2.1 Hz, H-8), 6.80 (1 H, s, H-3), 6.46 (1 H, d, J
= 2.0 Hz, H-6), 5.06 (1 H, d, J= 6.9 Hz, H-1"), 3.10-3.52
(m, glucosyl protons); 13C NMR (100MHz, CD3OD): δ p.
p.m. 182.0 (C-4), 164.8 (C-2), 163.6 (C-7), 161.0 (C-5),
156.8 (C-4′), 150.2 (C-9), 146.1 (C-3′), 121.4 (C-6′), 119.1
(C-1′), 116.4 (C-5′), 114.0 (C-2′), 105.2 (C-10), 99.8 (C-1"),
99.7 (C-6), 94.6 (C-8), 77.0 (C-5"), 76.2 (C-3"), 73.1 (C-
2"), 69.8 (C-4"), 60.9 (C-6").

Compound (3): yellow amorphous powder; Rf: 0.49 (S1)
and 0.32 (S2); UV spectral data: λmax, nm, (MeOH): 222,
274, 335; (+NaOMe): 233, 270, 350, 390; (+NaOAc): 232,
269, 334, 396sh; (+NaOAc/H3BO3): 232, 269, 334;
(+AlCl3): 230sh, 282, 302sh, 364; (+AlCl3/HCl): 230sh,
282, 304sh, 354.

1H NMR (300MHz, DMSO-d6): δ p.p.m.
8.01 (2 H, d, J= 8.4 Hz, H-2′/6′), 7.03 (2 H, d, J= 8.4 Hz,
H-3′/5′), 6.82 (1 H, s, H-8), 5.36 (1 H, d, J= 7 Hz, H-1"),
3.78 (3 H, s, OCH3-6), 3.9–3.2 (6 H, m, glucosyl protons);
13C NMR (75MHz, DMSO-d6) δ p.p.m. 182.6 (C-4), 164.8
(C-2), 162.2 (C-4′), 157.0 (C-7/9), 152.6 (C-5), 133.0 (C-6),
129.4 (C-2′/6′), 121.8 (C-1′), 116.6 (C-3′/5′), 106.1 (C-10),
103.0 (C-3), 101.4 (C-1"), 94.6 (C-8), 78.1 (C-5"), 77.2 (C-
3"), 73.6 (C-2"), 70.0 (C-4"), 61.9 (C-6"), 61.4 (OCH3).

Compound (4): yellow amorphous powder; Rf: 0.83 (S1)
and 0.14 (S2); UV spectral data: λmax, nm, (MeOH): 268,
335, (+NaOMe): 277, 332, 382, (+AlCl3): 276, 300, 346,
381, (+AlCl3/HCl): 275, 299, 340, 382, (+NaOAc): 274,
301, 340, 376, (+NaOAc/H3BO3): 267, 301sh, 337; 1H
NMR (400MHz, DMSO-d6): δ p.p.m. 7.92 (2 H, d, J= 8.4
Hz, H-2′/6′), 6.92 (2 H, d, J= 8.4 Hz, H-3′/5′), 6.72 (1 H, s,
H-3), 6.50 (1 H, br s, H-8), 6.22 (1 H, br s, H-6).

Compound (5): yellow amorphous powder; Rf: 0.89 (S1)
and 0.17 (S2); UV spectral data: λmax, nm, (MeOH): 250,
269, 254; (+NaOMe): 278, 311, 282, (+AlCl3): 273, 277,
300, 355, 399, (+AlCl3/HCl): 264, 276, 302sh, 350, 397,
(+NaOAc): 277, 312, 394, (+NaOAc/H3BO3): 256, 270,
353; EI/MS m/z (%): 344 (M+, 100), 329 (M+-15, 22.3),
301 (M- 3xCH2, 51.62), 258 (4.78), 167 (18.90); 1H NMR
(300MHz, CDCl3): δ p.p.m. 12.67 (1 H, s, OH-5), 7.78 (1
H, d, J= 2.0 Hz, H-2′), 7.66 (H, dd, J= 8.4, 2.2 Hz, H-6′),
7.12 (1 H, d, J= 8.4 Hz, H-5′), 6.47 (1 H, d, J= 2.2 Hz,
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H-8), 6.40 (1 H, d, J= 2.2 Hz, H-6), 3.96, 3.86, 3.84 (3 H,
s, OCH3-3,3′,4′).

Compound (6): off-white amorphous powder; Rf: 0.91
(S3) and 0.77 (S4); EI/MS m/z (%) 167 ([M-H]+, 67.45),
149 ([M-H2O]

+, 36.40), 126 ([M—CH2CO], 16.88); 1H
NMR (400MHz, CDCl3): δ p.p.m. 9.58 (2 H, s, H-7), 7.19
(1 H, d, J= 2.1, H-5), 6.24 (1 H, d, J= 2.1, H-3), 4.74 (1 H,
s, H-8); 13C NMR (100MHz, CDCl3): δ p.p.m. 197.8
(CHO), 160.2 (C-1), 152.8 (C-4), 149.2 (C-2), 130.4 (C-6),
122.1 (C-5), 110.4 (C-3), 58.1 (C-8).

In vitro Alzheimer’s Aβ production modulation

Chemicals

All solvents and chemicals which have been used in this
study were purchased from Sigma Chemical Company (St.
Louis, MO, USA).

Culture of H4 cells expressing the double Swedish
mutation (K595N/M596L) of human APP (APPsw) and
exposure to the flavones. H4 cells were cultured in DMEM
(high glucose) containing 10% heat-inactivated fetal calf
serum, 100 U/mL penicillin, 100 μg/mL streptomycin, 2
mM L-glutamine and 200 μg/mL G418. The cells were
cultured onto 24 well plates (2× 105cell per well) and
allowed to grow to 80% confluence for 24 h, in 5% CO2/
95% air in humidified atmosphere. Different concentrations
(0–300 nM/mL) of each purified flavone were added to the
cells overnight in a final volume of 0.5 mL. R-flurbiprofen
was used as positive control (3–1000 μM). DMSO (0.5%)
was used as negative control. At the end of the incubation,
100 μL of each supernatant were used for measuring Aβ
(Hawas et al. 2013).

Measurement of Aβ peptides

Each supernatant was treated with a biotinylated mouse
monoclonal antibody (4G8, Signet Laboratories Inc., Ded-
ham, MA, USA), specifically recognizing the 17–24 amino
acid region of Aβ and two rabbit polyclonal antibodies (C-
term 42 and C-term 40, BioSource International, Camarillo,
CA, USA), specifically recognizing the C-terminus of Aβ42
and Aβ40, respectively and the Aβ levels in cell super-
natants were evaluated in comparison to an Aβ peptide
standard. The total Aβ content was calculated as sum of Aβ
40 and Aβ 42 (Hawas et al. 2013).

Inhibition of cyclooxygenase (COX)-1 and COX-2 assay

The inhibition of the cyclooxygenase activity was estimated
by measuring prostaglandin E2 (PGE2) production form
arachidonic acid using an enzyme-immunoassay as descri-
bed previously (Hawas et al. 2013).

In vivo Alzheimer’s Aβ production modulation

Young male transgenic mice (Tg2576) expressing the
human APP gene with the Swedish double mutation
(K670N/M671L) under the transcriptional control of the
hamster prion protein promoter (Hsiao et al. 1996) were
used for the in vivo studies.

Ethics

The experiment and handling with animals complied with
the ethical guidelines of the ethical committee of EEC for
the use of laboratory animals. It was approved by the
Medical Ethical Committee of the National Research Centre
in Egypt (Approval No.: 12 096).

Animal treatment

Three groups of male mice 5–6 months of age, each group
composed of six male mice were given by oral gavage
vehicle or a solution of each flavone (100 nM per kg
per day) or R-flurbiprofen as positive control, once daily for
7 days. On day 7, animals were killed as described pre-
viously (Weggen et al. 2001; Glaser et al. 1995; Berechid
et al. 2002).

Plasma and brain Aβ separation

In order to measure the baseline plasma and the Aβ42
concentration, one blood sample was collected 24 h before
starting treatment. On day 7 of treatment, the mice were
killed and blood samples were collected in EDTA-tested
tubes. The brains were quickly removed and placed on an
ice-cold plate. Cortex and hippocampus were dissected and
immediately frozen on dry ice and stored at −80 °C, as well
as the plasma for Aβ42 and flavonoid level measurements.
Plasma was diluted 1:4 for Aβ42. For measurement of
Aβ42, in brain tissues, samples were homogenized in 70%
formic acid at 1:10 (w/v), and then centrifuged at 15,000×g
for 25 min at 4 °C. The supernatants were collected and
neutralized with 1M Tris, pH 11 at 1:20 (w/v) dilution with
3X protease inhibitor mixtures. Levels of Aβ42 in plasma
and in brain homogenate supernatants were measured with
commercial ELISA kits (The Genetics Company, Zurich,
Switzerland) as described previously (Jeong et al. 2007).
Flavone levels in plasma and in brain samples were mea-
sured by HPLC as previously described (Gee et al. 1998).
All experiments were conducted in triplicate (n= 3). All the
values were represented as mean ± SD. IC50 were deter-
mined by probit analysis using SPSS software program
(SPSS Inc., Chicago, IL); with P values< 0.05 considered
statistically significant.

Med Chem Res (2018) 27:768–776 771



Results and discussion

Phytochemical investigation

Identification of compounds

Heavenly Blue was subjected to fractionation and isolation
of phenolic compounds using polyamide followed by a
series of silica gel, polyamide, Sephadex LH-20, or cellu-
lose columns. The chromatographic properties of com-
pounds (1–4) (color under UV light, change with ammonia
vapor and responses toward NA/PE spray reagent or AlCl3)
suggested their flavonoidal character. They showed UV
spectra of two major absorption bands in methanol at the
range of 257–276 nm (band II) and at 334–350 nm (band I)
indicating their flavonoidal nature (Markham 1982). This
was further reinforced by their deep purple fluorescence
under UV, and changed into bright yellow to
greenish–yellow fluorescence (365 nm) upon spraying with
NA/PE. They gave bright yellow to yellowish–green upon
the exposure to ammonia vapor, and an orange yellow to
yellow with exposure to an AlCl3 reagent. Compounds 1–3
were expected to be of flavonoidal nucleus without hydro-
xyl group at C-3 on the basis of their chromatographic
properties and UV spectral analyses in methanol and on
addition of the diagnostic shift reagents. These compounds
showed the absence of the bathochromic shift in band II on
addition of NaOAc, which was consistent with the sub-
stitution at 7-OH (Mabry et al. 1970). Compound 4 showed
the presence of a shoulder at 332 nm in NaOMe along with
a bathochromic shift in band II upon addition of NaOAc to
suggest the presence of a free hydroxyl group at C-7.
Bathochromic shift of band I on addition of NaOMe with
increase in intensity indicated free 4′-OH. Also, the free 5-
OH of compounds 1–4 was confirmed by a bathochromic
shift in band I in AlCl3/HCl. Compound 3 was suggested to
be a 6- or 8-hydroxy flavone (Harborne and Mabry 1982)
and it showed a low bathochromic shift (<20 nm) of band I
after addition of the previous shift reagent which referred to
the MeOH indicates 5-OH with 6-oxygenation. The pre-
sence of ortho-dihydroxyl pattern at ring B of compound 2
was confirmed by a bathochromic shift in band I with Na
OMe, NaOAc, and AlCl3 partially remained after additional
of the acids (Mabry et al. 1970). The UV data of compound
5 with the diagnostic shift reagents was in agreement with
the presence of methoxy groups in 3,3′, and 4′ positions.
The substituted 4′-OH was confirmed by the diminished
peak in band I with NaOMe. Other UV spectral data, with
the shift reagents of compounds was in agreement with 7-O-
substituted flavones of apigenin nucleus (1 and 3) and
luleolin in compound 2.

1H NMR spectra data of compound 1 and 3, exhibited
A2X2 spin coupling system for a pair of two equivalent

protons at about δ 7.95 (H-2′/6′) and 7.00 (H-3′/5′),
respectively indicating 1,4 di-substituted B-ring. Compound
1 showed the presence of a terminal rhamnosyl moiety on
OH-2" that was confirmed from the characteristic position
of H-1‴ as brs signal at δ 5.12. Compound 1 was a gly-
cosyloxyflavone and it is apigenin derivative having an α-
(1→ 2)-L-rhamnopyranosyl)-β-D-glucopyranosyl moiety
attached to the 7-OH group (Harborne and Mabry 1982).

Compound 2 showed the anomeric proton of O-glucosyl
moiety appeared at δ 5.06 (with J= 6.9 Hz). Refer to the
attachment of the glucose moiety to OH-7 (Markham et al.
1978). A γ-pyrone C-ring and 7-O-substituted ring A were
followed from H-3 singlet at δ 6.72 (s, H-3) and the
downfield location of both H-6 and 8 at δ 6.46 (d, H-6),
6.78 (d, H-8) of compound 2. Compound 2 showed also an
ABX system at δ 7.42 (br d, J= 8.1), and 7.44 (br s)
assigned to H-6′ and H-2′ and H-5′ with an ortho-doublet at
δ 6.84) J= 8.1 Hz), characteristic for 3′,4′-dioxygenated B-
ring. Similarly, a singlet at δ 6.70 assigned to H-3 to con-
firm a flavone identity of the aglycone in 3. 1H NMR
spectrum of compound 3 showed the glycosidation at 7-OH
as indicated by downfield of H-8 which appeared at δ 6.82
as a singlet where refers to the substitution at C-6. Another
singlet signal at δ 3.79 p.p.m. was interpreted for a C-6 due
to the absence of H-6 signal. Also, an anomeric doublet was
located at δ 5.16 p.p.m. was for H-1" of 7-O-glucosyl
moiety. 1H NMR spectral data of compound 4 showed the
aromatic protons of the B-ring as two doublets at δ 7.92 and
6.92 p.p.m. with J= 8.4 Hz due to ortho coupling assigned
to H-2′/6′ and H-3′/5′, respectively. The aromatic protons of
the A-ring revealed as two brs at δ 6.50 and 6.22 due to
meta coupling assigned to H-8 and H-6, respectively. H-3
appeared at δ 6.72 as a t signal group (Harborne and Mabry
1982).

13C NMR spectra exhibited the characteristic 13 carbon
resonances of an apigenin aglycone in compounds 1, 3, and
4 and 15 carbon resonances, characteristic for a luteolin
moiety (Agrawal and Bansal 1989). Compound 1 showed
the presence of a 7-O-2-O-α-rhamnosyl-D-glucoside moiety
that was followed from its typical twelve C-resonances,
including the downfield shifted C-2" and the upfield of C-1"
due to the attachment of the rhammnosyl on OH-2". The
connection of β-O-glucoside moiety on C-7 of the com-
pound 2 was indicated by the slight upfield shift of C-7 at δ
162.6 (Harborne and Mabry 1982). The O-glucosyl moiety
of compound 2 was confirmed from the signals of glucose
with C-1" at δ 99.8 p.p.m., and C-6" at 60.83 p.p.m. The
methoxylation of compound 3 was confirmed by upfield
shift with about −8 p.p.m. of C-7 (δ 157.0 p.p.m.) and C-5
(δ 152.6 p.p.m.) and the O-glycosidation at C-7 was con-
firmed by the downfield shift of C-8 (δ 94.2 p.p.m.).
Compound 4 exhibited a downfield signal at δ 181.67
assignable to C-4. The other downfield signals at δ 164.3,
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163.7, and 161.2 were assigned to the hydroxylated carbons
(C-7, 5, and 4′). Other remaining C-resonances were
assigned by their comparison with the previously reported
data of the related structures (Markham et al. 1978; Agrawal
and Bansal 1989).

The structures of the known compounds were finally
confirmed by comparative chromatography of their acid
hydrolysis products against authentic samples. Complete
acid hydrolysis (2 N HCl) of the major flavone glycosides
(1 and 3) yielded glucose in the aqueous phase and apigenin
(aglycone) was detected in the organic phase (Co-PC).
Rhamnose was detected with compound 1 by TLC. Final
confirmation of the structures of compounds 1–4 was
achieved by NMR analysis (Fig. 1). They were identified as
rhoifoloside (1), luteolin-7-O-β-D-glucopyranoside (2), 5,7,
4′-trihydroxy-6-methoxyflavone-7-O-β-D-glucoside (3), and
apigenin (4).

1H NMR of compound 5 showed a downfield shift of
both H-2′ and H-5′ to 7.7 and 7.05 p.p.m. (δ ~ 0.2 p.p.m.),
respectively, due to the methoxylation at the 3′ and 4′
position. The appearance of H-8 and H-6 resonances as two
meta coupled doublets at their normal δ values 6.47 and
6.40 resulted in a free 5,7-dihydroxy A ring and it is also
confirmed the position of the third OCH3 group at C-3. In
addition three singlets each integrated to three protons were

detected at 3.96 and 3.86, 3.84 to confirm the structure as
5,7-dihydroxy-3,3′,4′-trimethoxy flavone (5). EI-MS spectra
of compound 6 showed [M-H]+ at m/z 167 (67.45%) cor-
responding to the molecular formula C8H8O4. The loss of a
molecule of water gave rise to ion peak at m/z 149 (36.40 %)
and the loss of one HCHO molecule gave rise to ion
peak at m/z 126 (16.88%). It was identified as 2-
hydroxymethylhydroquinone-6-carbaldehyde.

The structures and purities of the isolated plant phenolics
in this study were elucidated by extensive chromatographic
and conventional chemical and spectroscopic methods of
analysis (UV, and 1H and 13C NMR) as well as retention
time comparison with authentic standard compounds which
have been isolated in our previous work (Awad et al. 2014).
Reviewing the literatures oligosaccharides, oxylipins,
polyacylated anthocyanin and resin glycosides were isolated
from Heavenly Blue (Meira et al. 2012; Rosas-Ramírez
et al. 1996).

In vitro Alzheimer’s Aβ production modulation

Phytochemicals, especially flavonoids are of current interest
because of their important biological and pharmacological
properties. This is the first report to address the respective
bioactive compounds from the leaves of I. tricolor Cav.
Heavenly Blue.

The flavonoids may protect the PC-12 cell from Aβ-
induced injury through intracellular calcium influx, inhibi-
tion of oxidative damage and mitochondria dysfunction
(Abd-Alla et al. 2016). The present study provides that
flavones may be a promising approach for the treatment of
AD and other oxidative-stress-related neurodegenerative
diseases. In AD, Aβ is the main constituent of the accu-
mulated amyloidic plaques in the brain. β-secretase and γ-
secretase are two aspartic proteases responsible for degra-
dation of APP into Aβ42 and Aβ38 which results in
extracellular Aβ deposits. Aβ42 has been reported to be a
major Aβ constituent of amyloid plaques. Until now there is
no causal therapy for AD is clinically accessible in spite of
the intensive reach in this field. Therefore, in the present
study efforts have been exerted in order to investigate the
effect of some isolated flavones as a natural source for
modulation of Aβ.

In the previously published work, the ability of some
flavonoids to react with the biologically relevant reactive
nitrogen species, nitric oxide, peroxynitrite, and nitrous acid
were investigated in vitro, for the first time (Awad et al.
2014). According to those results, the major isolated fla-
vones; rhoifoloside (1), 5,7, 4′-trihydroxy-6-methoxy-
flavone-7-O-β-D-glucoside (3), and 5,7-dihydroxy-3,3′,4′-
trimethoxyflavone (5) have been selected to study the effect
of them to alter APP processing and generation of Aβ,
particularly the Aβ42 was investigated. Therefore, H4

Fig. 1 Chemical structures of the isolated compounds from Heavenly
Blue leaves
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human neuroglioma cells expressing the double Swedish
mutation (K595N/M596L) of human APP (APPsw) were
used and treated with increasing concentrations of these
three flavones, and analyzed for Aβ40 and Aβ42 levels in
culture medium using ELISA. In addition, the inhibition
activity of different concentrations of these three flavones
against COX-1 and COX-2 was also investigated. The
results showed no inhibition activity of these flavones
against COX-1 and COX-2 up to 500 nM concentration and
concomitant reduction in prostaglandin synthesis, indicating
that the reduction in Aβ42 levels may be independent of
COX activity.

In H4 cells, reduction in the Aβ42 supernatant con-
centration was achieved at different concentrations of each
of the three investigated flavones without significant
reduction in total Aβ (Aβ40+Aβ42) level. The relative
inhibitory activity of these compounds is summarized in
Table 1 as IC50 values. A dose-dependent inhibition of
Aβ42 secretion was observed (Fig. 2). This finding indicates
that the pharmacological action of these three compounds is
via the functional inhibition of γ-secretase. The cytotoxicity
of these compounds was assessed, in order to insure that
Aβ42 reduction is not related to cytotoxicity. No toxicity
was detected by both MTT and LDH assay in H4 cells of
concentration up to 500 nM.

Under these experimental conditions the relative poten-
cies of the three compounds were in the order: 1> 3> 5>
R-flurbiprofen.

Compound 5 is a trimethoxylated flavone (3,3′,4′-tri-
methoxyflavone). Another polymethoxylated flavone;
nobiletin (with 3′,4′ methoxy groups) from citrus peels, was
reported to ameliorate learning and memory impairment in
olfactory-bulbectomized mice, amyloid precursor protein
transgenic mice, NMDA receptor antagonist-treated mice,
and senescence-accelerated mouse prone 8 (Nakajima et al.
2015). This polymethoxylated flavone improves cognitive
impairment and reduces soluble Aβ levels in a triple
transgenic mouse model of AD (3XTg-AD) that progres-
sively develops amyloid plaques, neurofibrillary tangles,
and cognitive impairments.

Previously published works, the radical scavenging
activity usually increased with a decrease in glycosylation
(Jeong et al. 2007). Luteolin, a well known flavone, showed
the most potent anti-AD activity as determined by its

inhibition of AChE, butyrylcholinesterase (BChE), and β-
site amyloid precursor cleaving enzyme 1 compared with its
C-glycosylated derivatives (Choi et al. 2014). The results in
this study reveal that the compounds which have O-gluco-
side showed the best anti-Alzheimer activity in vitro
(compounds 1 and 3). These findings could be explained by
the fact that a glucose moiety is able to interact with glucose
transporters (Gee et al. 1998), with increases in the intra-
cellular uptake and bioavailability of these glucosides
(Awad et al. 2014). These activities may be attributed to the
presence of free phenolic hydroxyl group in ring B com-
pared to the presence of methoxy groups in compound 5
(Rizk et al. 2017). This result is in line with the literature
(Yamada et al. 2015). It has been reported that the differ-
ences in radical scavenging activity between poly-
hydroxylated and polymethoxylated flavonoids may
attributed to differences in both hydrophobicity and mole-
cular planarity (Van Acker et al. 1996; Ollila et al. 2002).
The methoxy groups introduce unfavorable steric effects
and increase lipophilicity and membrane partitioning. This
may explain the lower activity of compound 5, which has
three methoxy groups that could cause steric hindrance and
decrease the molecular planarity.

In vivo Aβ modulation activity

Young male transgenic mice (Tg2576) were used for the
in vivo studies in order to study the ability of the three
flavones to treat, or at least to modulate AD in vivo. These
animals have been reported to show many of the neuro-
pathological features of AD, and to excrete high levels of
Aβ in a regionally specific manner. Therefore, we applied

Table 1 In vitro Aβ modulation activities of three purified flavones

Compound no IC50 (nM)± SD

1 4.59± 0.0000027

3 59.64± 0.000053

5 89.75± 0.000062

R-flurbiprofen 3276.89± 0.000012

Fig. 2 Dose response activities of the three flavones against formation
of Aβ42 peptide
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the results of the in vitro experiments to in vivo model of
Alzheimer.

In these mice after oral gavage of 100 nM per kg per day
for 7 days, an excellent alteration in the Aβ42 concentration
level in both plasma and brain was achieved for each of the
three investigated flavones compared to the positive control
(R-flurbiprofen). The relative inhibitory activity of these
compounds is summarized in Table 2 as a percentage
alteration of Aβ42 in both plasma and brain.

Under these experimental conditions, the relative
potencies of the three compounds in plasma were in the
order: 5> 1> 3> R-flurbiprofen (positive control). How-
ever, the relative potencies of the three compounds in brain
were in the order: 5> 3> 1> R-flurbiprofen.

Concerning the concentration of each flavone compound
in plasma and brain, the results showed that, the con-
centrations of the investigated three compounds were much
higher than those of R-flurbiprofen (positive control).

The concentrations of the flavones in plasma were in the
order:

5> 3> 1> R-flurbiprofen
The concentrations of the flavones in brain were in the

order:
5 ≥ 3> 1> R-flurbiprofen
Theoretically, in order to have a good neurodegenerative

drug candidate, it is essentioal that this drug will be able to
cross the blood brain barrier (BBB) after systemic admin-
istration (Gilgun-Sherki et al. 2001).

There are two pathways to cross this BBB; aqueous
pathway (minor pathway) and lipophilic pathway (major
pathway). Therefore, addition of hydrophobic groups
(increasing the lipophilicity of a drug) to a molecule may
help it to penetrate the brain (Rowland et al. 1992). Glucose
derivatives may penetrate the BBB via glucose carrier as
well (Bonate 1995).

Table 2 showed that the percentage alteration in the
Aβ42 concentration level ranged from 68.79 to 89.98% in
the brain. This may be attributing to the amount of the
flavones that was able to cross the BBB. According to these
data, the three flavones were able to cross BBB in very high
concentrations compared to the positive control, R-

flurbiprofen, ranging from 2.4× 1011 to 1.1× 1012 fold
higher than R-flurbiprofen. These results may be attributed
to both the higher lipophilicity of all three flavones com-
pared to R-flurbiprofen and/or the presence of glucose as a
glycoside in the flavones skeleton of two of these com-
pounds (1 and 3), which may enhance the penetration of
these compounds through the BBB via glucose transporters.

Finally, although all of the investigated polyphenols
showed high efficiency when used both in vitro and in
animal model, they are needed to be examined in small
clinical studies, as well as in a large-scale controlled study
to check whether the data is conflicting or not. It is also
important to determine whether these compounds can be
used as prophylactics, in order to slow down the progres-
sion of neurodegenerative diseases such as AD in popula-
tions that are at high risk, such as the elderly.

Conclusion

The data presented in this study are the first report to
address the respective bioactive compounds from the leaves
of Heavenly Blue. Six compounds were purified and iden-
tified. All metabolites were reported for the first time in the
genus Ipomoea. Three major flavones were able to modulate
the Aβ concentration both in vitro and in vivo without any
cytotoxic effect. In vitro, these activities may be attributed
to the presence of free phenolic hydroxyl groups in ring B
rather than the presence of methoxy groups. The methoxy
groups may introduce unfavorable steric effects and
increase lipophilicity and membrane partitioning. However,
in vivo, the activities obtained may be attributed to both the
higher lipophilicity of all three flavones and/or the presence
of glucose as a glycoside in the flavones skeleton, which
may enhance the penetration of these compounds through
the BBB via glucose transporters. The present study pro-
vides that these three flavones may represent a promising
approach for the treatment of AD and other oxidative stress-
related neurodegenerative diseases.
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