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A B S T R A C T

Hibiscus sabdariffa L. (Malvaceae) is one of the well-known traditionally used remedy worldwide. It exhibited
numerous pharmacological properties including antioxidant, antidepressant, sedative, anti-inflammatory, anti-
proliferative, antimicrobial and neuroprotective activities. The aim of this study is to highlight the mechanisms
underlying the neuroprotective effects of anthocyanin-enriched extracts of two Hibiscus varieties (white and red
calyces) in the management of Alzheimer’s disease (AD) in addition to their metabolic profiling. The antho-
cyanin contents were determined quantitatively using the pH-differential technique and qualitatively by LC/MS/
MS. The extracts were tested in vitro for their antioxidant potential as well as acetylcholinesterase inhibition
activity and both showed promising activities. The LC/MS/MS analysis allowed the tentative identification of 26
and 24 metabolites in red and white calyces, respectively, represented by anthocyanins, flavonoids, aliphatic and
phenolic acids. In vivo, streptozotocin induced AD in mice model was established and Hibiscus extracts were
tested at a dose of 200 mg kg−1 compared to celecoxib (30 mg/kg). Histopathology of cerebral cortex and
hippocampus, immunohistochemistry for tau- protein and caspase-3 with behavioral tests and measurement of
several biochemical parameters were done. Hibiscus prevented memory impairment, and this could be attributed
to the amelioration of STZ-induced neuroinflammation and amyloidogenesis. Consequently, Hibiscus represents a
promising safe agent that can be repurposed for AD through exerting anti-inflammatory, anti-acet-
ylcholinesterase, antioxidant, and anti-amyloidogenic activities.

1. Introduction

Dementia is increasing worldwide in higher rates where Alzheimer’s
disease (AD) is the most common type. World Health Organization
stated that dementia influence about 50 million people globally with 10
million new cases annually [1]. AD is a progressive neurodegenerative
disorder distinguished by loss of cognitive function along with, Amyloid
beta (Aβ) pathological deposition, senile plaques and neurofibrillary
tangles [2]. It affects about 10 % of humans over 65 years. Neuroin-
flammation is one of the serious events in the development of several
neurodegenerative diseases such as AD [3].

Hibiscus sabdariffa L. (Malvaceae) is one of the well-known tradi-
tionally used remedy worldwide. It is dispersed in both tropical and
subtropical areas. Egypt, Sudan, Mexico, Thailand and China are the

main producers [4]. Hibiscus exhibited numerous pharmacological ac-
tivities including antioxidant, anti-inflammatory, antiproliferative and
antimicrobial [5]. It is used traditionally as tonic, sedative, restorative,
and antidepressant [6]. Several secondary metabolites were previously
detected in Hibiscus including aliphatic organic acids, phenolic acids,
flavonols, anthocyanins and fatty acids. Delphinidin, cyanidin, gossy-
petin, hibiscetin, kaempferol, myricetin and quercetin with their re-
spective glycosides, in addition to protocatechuic, chlorogenic, caffeic,
malic, shikimic, citric and fumaric acids were previously isolated from
Hibiscus sabdariffa L. [5]. Anthocyanins are polyphenolic compounds
that give the plants their red, blue, orange colors [7]. Anthocyanins rich
fractions from Hibiscus calyces was reported to possess strong in vitro
antioxidant and antiproliferative activities [8].

The development and discovery of new natural drugs able to
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prevent and treat AD is essential due to lack of successful treatment
strategies to battle this neurodegenerative disease. Several reports have
proven that natural compounds played an extensive role in the pre-
vention of AD [9]. This is the first detailed study concerning antho-
cyanin-rich extracts of two Hibiscus varieties and their mechanistic role
in the prevention of AD.

2. Material and methods

2.1. Plant material and chemicals

Hibiscus sabdariffa L. white and red calyces were obtained from
Walters garden in Sudan and Aswan Botanical garden in Egypt, re-
spectively in June 2019. The samples were validated by Mrs. Therese
Labib, Botanical specialist and consultant at Orman and Qubba Botanic
Gardens. Voucher specimens (28-7-2019 I&II) were placed in
Department of Pharmacognosy Herbarium, College of Pharmacy, Cairo
University, Egypt.

Acetylcholinesterase (AChE, electric eel), acetylthiocholine, DTNB
(5,5`-dithiobis(2-nitrobenzoic acid), ABTS (2,2′-azino-bis-3-ethyl-
benzthiazoline-6-sulphonic acid), ascorbic acid, DPPH (2, 2-diphenyl-1-
picryl-hydrazyl), HPLC grade trifluoroacetic acid, trichloroacetic acid
and streptozotocin (STZ) were purchased from Sigma-Aldrich Chemical
Co. (St. Louis, MO). Sodium phosphate, ammonium molybdate, po-
tassium persulfate, potassium ferricyanide and ferric chloride were
obtained from El-Nasr Co. for Pharmaceutical Chemicals, Egypt.
Phosphate buffer and Tris-HCl buffer were purchased from Bio diag-
nostic, Egypt. Celecoxib was purchased from Pfizer, Egypt. Diaion HP-
20 AG (75–150 μm), Mitsubishi Chemical Industries Co., Ltd., Tokyo,
Japan) was used for the column chromatography. All other chemicals
were of analytical grade.

2.2. Preparation of anthocyanin-enriched extracts

Both calyces, 1.25 kg each, were grinded and extracted, separately,
with 0.1 % TFA aqueous solution (5 × 2.5 L) at 20 °C. The extracts were
then fractionated using Diaion HP column, and eluted using 100 %
distilled water followed by 50 % ethanol solution having 0.1 % TFA.
Both extracts eluate was evaporated using reduced pressure and then
freeze-dried using lyophilizer (LyoQuest-55; Telstar Life Science Co.,
Spain). The extracts of white and red Hibiscus calyces were kept in the
desiccator over anhydrous CaCl2 till use [8].

2.3. Chemical bioassays

2.3.1. In vitro antioxidant activity
2.3.1.1. DPPH radical scavenging assay. 0.04 g % of DPPH was prepared
in methanol and various concentrations of the extracts/ standard
(0.1575–1 mg/mL) were prepared in methanol. Briefly, 20 μL of the
appropriately diluted concentrations of the extracts were added to
200 μL of 2,2-diphenyl-1-picrylhydrazyl (DPPH) in a 96 well plate and
the absorbance was measured at 517 nm after incubation in the dark for
30 min [10] and using ascorbic acid as standard.

EC50 was determined using the equation; [(Ac – As) / Ac] × 100. In
which, Ac was the control absorbance (Solution of DPPH without test
sample) while As was the sample absorbance (DPPH solution in addi-
tion to extract or standard). The EC50 is the sample concentration that
produces 50 % inhibition of absorbance at the mentioned wavelength.

2.3.1.2. ABTS radical scavenging assay. ABTS radical assay was used to
calculate the free radical scavenging activity of Hibiscus extracts [10].
Briefly, 200 μL of the reaction mixture containing 10 μL extracts/
standard at different concentrations (0.1575–1 mg/mL) was added to
the ABTS solution (190 μL) then measured at 734 nm in 96 well micro
plates. The solution of ABTS was composed as follow; 5 mL of 14 mM
ABTS dissolved in methanol added to 5 mL solution of potassium

persulfate 4.9 mM, and subsequently stored for 16 h at room
temperature in dark. This solution was diluted with methanol till the
absorbance was 0.700. The EC50 was calculated and the standard used
was ascorbic acid.

2.3.1.3. Reducing power assay. The extracts reducing power were
estimated as follow; 2.5 mL of different concentrations (0.1575–1 mg/
mL) of the extracts/ standard in methanol were combined with 2.5 mL
of 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium
ferricyanide and the mixtures were kept at 50 °C in a water bath for
20 min. The extracts were left to cool then 2.5 mL of trichloro acetic
acid (10 %) was added and centrifuged at 3000 rpm for 10 min when
required. The prepared solution upper layer was combined with
distilled water and 0.1 % ferric chloride solution (freshly prepared)
using a ratio of 1:1:2, followed by measuring the absorbance at 700 nm
[10]. Ascorbic acid was used as a standard. The EC50 is the effective
concentration (mg/mL) acquired from linear regression analysis with
an absorbance of 0.5.

2.3.1.4. Total antioxidant capacity assay (TAC). TAC of the samples was
assessed by the phosphomolybdenum method [10]. 250 μg/mL of the
samples was prepared, subsequently 0.5 mL was mixed with 3 mL of
reaction mixture; 28 mM sodium phosphate, 1% ammonium
molybdate, and 0.6 M sulphuric acid. The absorbance was measured
at 695 nm after incubation at 95 °C for 150 min. The TAC was expressed
as ascorbic acid equivalent (AAE) (μmoL/g extract) using the
calibration curve of ascorbic acid (50−500 μg/mL).

2.3.2. The total monomeric anthocyanin content (TMA)
The the pH-differential method was used to determine the TMA

contents of both extracts [11]. The results were demonstrated as mg
cyanidin-3-glucoside equivalents (CGE) 100 g−1 dry weight plant
powder (mg CGE /100 g dw plant powder).

2.3.3. Metabolic Profiling of white and red Hibiscus calyces using LC/MS/
MS

Aliquots of the samples (400 μL) were re-suspended in 200 μL me-
thanol: water (UPLC-grade, 1:1, v/v) and moved to the autosampler,
2 μL was injected and separated on RP High Strength Silica (HSS)T3
C18 column (100 mm × 2.1 mm having 1.7 μm diameter particles,
Waters), using a Waters Acquity UPLC system. The mass spectra were
obtained by full scan MS in positive ionization mode on an exact high
resolution Orbitrap-type MS (Thermo-Fisher, Bremen, Germany) [12].
Metabolites were identified using their mass spectra, and by compar-
ison with dictionary of natural products database (Wiley, CRC) and the
references literature.

2.4. Biological assessment

2.4.1. In vitro Acetylcholine esterase (AChE) enzyme inhibitory assay
The assay was done as reported with slight modifications [13].

Acetylthiocholine (1.11 mM) was used as a substrate and DTNB as an
indicator at a concentration of 0.69 mM dissolved in Tris-HCl buffer. In
96-well plate, Tris-HCl buffer (170 μL, 200 mM, pH 7.5) was added,
followed by the extracts (20 μL, in methanol solution) and 20 μl of AChE
(0.1 U/mL, in 0.1 % bovine serum albumin in buffer). The plate was
incubated at 25 °C for 10 min subsequently, 40 μL indicator and 20 μL of
the substrate solution were added. Ten minutes later, the tested extracts
absorbance was measured at 405 nm (reading A). The absorbance of
control negative assay was performed by substituting the tested sample
by methanol (20 μL) and recorded as reading B. The absorbances of
blank were recorded by replacing the enzyme by buffer. The positive
control assay was performed by replacing sample by (galantamine,
20 μL) using the same procedure

% of inhibition = (1−(corrected A/corrected B)) * 100.
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2.4.2. In vivo neuroprotective effect
2.4.2.1. Experimental design. Adult male Swiss albino mice, each
weighing 20–25 g, were obtained from the National Research Centre,

Egypt. Mice were accommodated in Perspex cages, at College of
Pharmacy, Cairo University. The temperature was adjusted at
25 ± 2 °C, with relative humidity of 60–70 % and a half day light/
half day dark cycle. Standard chow diet and water were allowed ad

Table 1
In vitro antioxidant activity of white and red Hibiscus.

Samples DPPH (μg/mL) ABTS (μg/mL) Iron reducing power (μg/mL) TAC (μM Ascorbic acid equivalent/ g extract)

White Hibiscus 163.49 ± 3.13 122.59 ± 9.0 219.83 ± 6.41 1300 ± 10
Red Hibiscus 128.54 ± 3.05 81.96 ± 3.14 189.0 ± 1.71 1360 ± 20
Ascorbic acid 20.25 ± 1.2 57.76 ± 4.75 20.69 ± 1.36 –

*All data are calculated as (Mean ± S.D.).

Table 2
The tentatively identified secondary metabolites in white and red calyces of Hibiscus anthocyanin-enriched extracts.

Peak No. Rt (min) Compound Molecular formula [M+H]+ White Hibiscus Red Hibiscus MS/MS fragments

1. 2.89 Hibiscus acid dimethylesther C8H11O7 219.05013 + + 154.99, 191.01
2. 3.03 Hibiscus lactone (Hydroxycitric acid lactone) C6H7O7 191.0185 ND + 129.10
3. 3.59 Hibiscus acid hydroxyethylesther C8H13O8 237.06061 + + 233.02, 163.03, 129.10
4. 4.23 Hydroxycoumarin C9H7O3 135.0439 + + 135.04
5. 4.27 O-Caffeoyl quinic acid C16H19O9 355.10257 + + 181.04, 163.03, 135.04
6. 4.59 Delphinidin 3-sambubioside (Hibiscin) C26H29O16 597.1456 + + 465.10, 303.04
7. 4.70 Trimethylhydroxycitric acid C9H15O8 251.07616 + + 203.93, 163.03
8. 4.87 Coumaroylquinic acid C16H19O8 339.10773 + + 179.05, 163.03
9. 5.05 O-Caffeoyl quinic acid isomer 1 C16H19O9 355.10257 + + 181.04, 163.03
10. 5.1 Cyanidin 3-sambubioside C26H29O15 581.1507 + + 449.10, 287.05
11. 5.19 O-Caffeoyl quinic acid isomer 2 C16H19O9 355.10257 + + 193.04, 135.04
12. 5.77 Delphinidin O-(dimalonylneohesperidoside) C33H35O22 783.1627 ND + 621.10, 457.26, 303.05
13. 5.84 Cyanidin 3,5-di-(6-malonylglucoside) C33H35O22 783.1617 ND + 697.15, 287.05
14. 5.96 Myricetin 3-arabinogalactose/ Myricetin 3-sambubioside C26H29O17 613.1406 + + 319.04, 481.09
15. 6.27 Delphinidin 3-gentiobioside C27H31O17 627.1563 + + 303.04, 163.03
16. 6.35 Dihexosylquercetin C27H31O19 659.1462 + ND 303.04
17. 6.38 Quercetin O-diglucoside C27H31O17 627.1558 + ND 303.04
18. 6.42 Gossypetin 3-O-glucoside C21H21O13 481.0983 ND + 319.04, 163.03
19. 6.5 Quercetin 3-sambubioside C26H29O16 597.1453 + ND 481.26, 465.10, 303.05
20. 6.67 Feruloylquinic acid C17H21O9 369.1185 ND + 177.05
21. 6.88 Delphinidin 3-neohesperidoside/ Quercetin 3-rutinoside C27H31O16 611.1616 + + 303.04, 465.10
22. 7.13 Delphinidin 3-galactoside/ Quercetin 3-glucoside C21H21O12 465.1035 + + 303.05, 163.03
23. 7.18 Delphinidin O-(dimalonylneohesperidoside) C33H35O22 783.1619 + ND 303.05
24. 7.45 Cyanidin 3-O-rutinoside, Kaempferol 3-O-rutinoside C27H31O15 595.1664 + + 287.05, 163.03
25. 7.71 Kaempferol hexoside/ Cyanidin hexoside C21H21O11 449.1081 ND + 287.05, 171.99, 154.99
26. 8.05 Dimethyl-delphinidin-glucosyl acetate C25H27O13 535.1453 + + 371.11
27. 8.2 Myricetin C15H11O8 319.0449 + + 179.03
28. 9.15 N-Feruloyltyramine C18H20O4N 314.1388 + + 136.02, 177.05
29. 9.56 Delphinidin/ Quercetin C15H11O7 303.0498 + + 153.01
30. 10.8 Cyanidin/Kaempferol C15H11O6 287.0544 + + 179.05

ND, not detected.

Fig. 1. Total ion chromatogram of white calyces' of
Hibiscus sabdariffa L. recorded in positive ionization
mode. LC/MS/MS of white Hibiscus anthocyanin-enriched
extract afforded the tentative identification of twenty four
metabolites. The metabolites were identified using their
mass spectra, and by comparison with dictionary of nat-
ural products database (Wiley, CRC) and the references
literature. Numbers refer to identified compounds listed in
Table 2.
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libitum one week before the experiment. All procedures were reviewed
and approved by the Ethical Committee for experimentation with
laboratory animals, College of Pharmacy, Cairo University,
registration number (PT 2614); following the European Economic
Community regulations revised guidelines (86/609/EEC).

The induction of AD in mice was done by injecting 3 mg/kg STZ
dissolved in saline intracerebroventricularly (ICV). Following adapta-
tion period, animals were allocated randomly into 5 groups, 10 mice
each. These groups were divided as follow:

Group 1: Normal control mice received one ICV injection of saline;
followed by intraperitoneal (i.p) injections using vehicle (0.5 % carboxy
methyl cellulose) for 21 days.

Group 2: Mice received a single ICV dose of STZ (3 mg/kg dissolved
in saline) [14] and i.p injections with the vehicle for 21 days.

Group 3: Mice received ICV-STZ and celecoxib (30 mg/kg sus-
pended in vehicle, i.p) [15] for 21 days.

Group 4: Mice received ICV-STZ and white Hibiscus anthocyanin-
enriched extract (200 mg/kg suspended in vehicle, i.p) for 21 days.

Group 5: Mice received ICV-STZ and red Hibiscus anthocyanin-en-
riched extract (200 mg/kg suspended in vehicle, i.p) for 21 days.

At the end of experiment, animals were sacrificed by cervical dis-
location under light anaesthesia. Brains were carefully and rapidly ex-
cised. The detached brains were washed using cold normal saline and
dried with filter papers. Three mice's brains from each group were fixed
in neutral buffered formalin (10 %) for histopathological and im-
munohistochemistry examination. The other mice's brains were frozen
at -80 °C for estimation of the chosen biochemical parameters.

2.4.2.2. Behavioral test "Morris water maze (MWM)". Training in MWM
test was executed for four days starting from the 17th day after
treatment. The MWM was used to estimate the mice spatial reference
memory. Throughout the training phase, all mice learned the location
of the platform, as revealed by a decrease in the latency and the
distance travelled to detect the submerged platform. In probe trial, the
platform was removed, and the time spent by each mouse in the
quadrant formerly occupied by the platform "target quadrant" was
recorded. Recovery of spatial memory was evaluated by the probe trials
carried out 24 h following the last training trial.

2.4.2.3. Biochemical analysis. Specificity protein 1 (SP1), beta Amyloid
42 (Aβ42), microsomal prostaglandin E synthase-1 (m-PGES1),
prostaglandin E2 (PGE2), proinflammatory cytokines [tumour
necrosis factor-alpha (TNF-α), interleukins (IL-6 and IL-1β)] as well
as oxidative stress markers [malondialdehyde (MDA) and
myeloperoxidase (MPO)] were estimated using mouse specific
enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems
GmbH, Wiesbaden, Germany) following the instructions of the
manufacturer. β-Site APP-cleaving enzyme 1 (BACES-1), γ-secretase,
Aph-1 homolog A γ-secretase subunit (APH1A), P38 mitogen-activated
protein kinase (p38MAPK) and cyclooxygenase-2 (COX-2) were
analyzed using Western blot assay. The dead bodies were kept frozen
till incineration.

2.4.2.4. Histopathological examination. After brain specimens' fixation
in neutral buffered formalin (10 %), 5μm thickness paraffin sections
were prepared and stained using hematoxylin and eosin (H&E) followed
by investigation using a light microscope [16]. Ten microscopic fields
were investigated under high power magnification (x400) per section/
mice (n = 6) and histopathological damage in the cerebral cortex and
hippocampus were graded from (0–4) as follow: (0) indicated no
changes; (1) indicated percentage area affected (< 10 %); (2)
indicated percentage area affected (20–30 %); (3) indicated

Fig. 2. Total ion chromatogram of red calyces' of
Hibiscus sabdariffa L. recorded in positive ionization
mode. LC/MS/MS of red Hibiscus anthocyanin-enriched
extract afforded the tentative identification of twenty six
metabolites. The metabolites were identified using their
mass spectra, and by comparison with dictionary of natural
products database (Wiley, CRC) and the references litera-
ture. Numbers refer to identified compounds listed in
Table 2.

Fig. 3. Changes in the mean time spent by mice in the target quadrant in
the probe trial of Morris water maze. Celecoxib (30 mg/kg), white and red
Hibiscus (200 mg/kg each) displayed a remarkable increase in the mean time
spent by mice as compared to ICV-STZ (3 mg/kg) group. Data are expressed as
means ± S.D. The significance of the difference between means was tested by
ANOVA followed by Tukey Kramer multiple comparisons test. * P < 0.05 vs
normal; @ P < 0.05 vs STZ-treated group. n = 10 mice, DF = 49. F = 9.990,
R2 = 0.4703.
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percentage area affected (40–60 %) and (4) indicated percentage area
affected (> 60 %) [17].

2.4.2.5. Immunohistochemistry
2.4.2.5.1. Tau- protein. Blocking of paraffin sections was done using

Peroxidase-Blocking Reagent (Dako) for 10 min followed by incubation
with blocking solution (3% bovine serum albumin, 5% goat serum, in
addition to 0.5 % triton X-100 in phosphate-buffered saline) for 1 h at
normal temperature of the room. Then the sections were incubated
overnight with anti-tau antibody AT-100 (1:200) at 4 °C. Followed by

their incubation with horseradish peroxidase (HRP)-conjugated anti-
mouse or anti-rabbit secondary antibodies at room temperature for 1 h.
DAB working fluid was added for color development. From each group,
five sections obtained from the same place, were examined using a light
microscope. Quantification of Tau-protein was determined by
calculating the area percent expression in each section from 5 fields,
chosen randomly and using image analysis software (Image J, version
1.46a, NIH, Bethesda, MD, USA) to determine the average.

2.4.2.5.2. Caspase-3. Caspase-3 level in cerebral cortices and
hippocampus sections were examined [18]. Sections were incubated

Fig. 4. Changes in SP1 concentration (A),
BACE1 (B) and Aβ42 concentration (C).
Treatment with celecoxib (30 mg/kg), white
and red Hibiscus extracts (200 mg/kg each)
normalized the elevated concentration of SP1,
BACE1 and Aβ42 concentration induced by
ICV-STZ (3 mg/kg).
Panel 1 represents immunoblot analysis shown
in Fig. 4.B. Data are expressed as means ± S.D.
The significance of the difference between
means was tested by ANOVA followed by
Tukey Kramer multiple comparisons test. *
P < 0.05 vs normal; @ P < 0.05 vs STZ-
treated group; # P < 0.05 vs celecoxib. n = 6
mice, DF = 29. For SP1: F = 229.5,
R2 = 0.9735. For BACE1: F = 401.6,
R2 = 0.9847. For Aβ42: F = 87.88,
R2 = 0.9336.

Fig. 5. Changes in APH1a (A) and γ secretase
(B). Treatment with celecoxib (30 mg/kg),
white and red Hibiscus (200 mg/kg each) nor-
malized the elevated levels of both APH1a and
γ secretase induced by ICV-STZ (3 mg/kg).
Panel 2 represents immunoblot analysis shown
in Fig. 5.A. Panel 3 represents immunoblot
analysis shown in Fig. 5.B. Data are expressed
as means ± S.D. The significance of the dif-
ference between means was tested by ANOVA
followed by Tukey Kramer multiple compar-
isons test. * P < 0.05 vs normal; @ P < 0.05
vs STZ-treated group; # P < 0.05 vs celecoxib.
n = 6 mice, DF = 29. For APH1a: F = 104.5,
R2 = 0.9436. For ϒ secretase: F = 145.3,
R2 = 0.9588.
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with primary antibodies against caspase-3 (1:200 dilutions) (Santa Cruz
Biotechnology Inc., Dallas, TX, USA). Visualization of the immune
reaction was done using diaminobenzidine tetrachloride (DAB, Sigma
Chemical Co., St. Louis, MO, USA).

2.4.2.5.3. Immunoblotting. Tissues were washed in phosphate buffer
saline followed by lysis in sample buffer (62.5 mM Tris-HCl pH 6.8, 1%
SDS, 10 % glycerol, and 5% β-mercaptoethanol) for sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The lysates
were then boiled with lamellae buffer for 5 min, and the proteins were
removed by SDS-PAGE and transferred to an Immobilon membrane
(Millipore). The antibodies used were rabbit BACE1 monoclonal
[EPR19523] (abcam, ab183612), mouse Cox-2 (H-3) monoclonal
(Santa cruze Inc, sc-376861), rabbit PSENEN polyclonal (Boster
Biological Technology, A04504) and rabbit p38 MAPK polyclonal
(Biorbyt Ltd., orb127559). Antibodies were diluted in 5% non-fat dry
milk, Tris-HCL, 0.1 % Tween 20, added to PVDF membranes involving
specimen samples and incubated overnight at 4 ̊C, followed by
incubation of the proper secondary antibodies for 2 h at room
temperature. After being washed twice, using 1 x TBS-T.
Immunoblots analysis was done using densitometer to quantify the
annexin V amounts versus control sample β-actin (housekeeping

protein). Normalization using Image analysis software on the
ChemiDoc MP imaging system (version 3) was produced by Bio-Rad
(Hercules, CA).

2.5. Statistical analysis

Data were expressed as means ± standard deviation (S.D.) and
analyzed using one-way-analysis of variance test (ANOVA) after that
Tukey Kramer multiple comparisons test were used, the level of sig-
nificance was set at P< 0.05.

3. Results

3.1. Chemical bioassays

3.1.1. In vitro antioxidant activity
The anthocyanins enriched extracts of white and red Hibiscus

showed moderate antioxidant activities (Table 1) by DPPH, ABTS and
iron reducing power assays (IC50 = 163.49 ± 3.13 μg/mL,
122.59 ± 9.0 μg/mL and 219.83 ± 6.41 μg/mL, respectively for
white Hibiscus and 128.54 ± 3.05 μg/mL, 81.96 ± 3.14 μg/mL and

Fig. 6. Effects of Hibiscus extracts and celecoxib
on the activity of p38MAPK (A), and COX-2 (B),
and on concentration of mPGES-1 (C) and PGE2
(D). p38MAPK and COX-2 levels in celecoxib
(30 mg/kg), white and red Hibiscus (200 mg/kg
each) groups were decreased compared to STZ
(3 mg/kg, ICV) group and increased compared
to the normal group. mPGES-1 and PGE2levels
were normalized in the three treated groups.
Panel 4 represents immunoblot analysis shown
in Fig. 6.A. Panel 5 represents immunoblot
analysis shown in Fig. 6.B. Data are expressed
as means ± S.D. The significance of the dif-
ference between means was tested by ANOVA
followed by Tukey Kramer multiple compar-
isons test. * P < 0.05 vs normal; @ P < 0.05
vs STZ-treated group; # P < 0.05 vs celecoxib.
n = 6 mice, DF = 29. For p38MAPK:
F = 354.1, R2 = 0.9827. For COX-2: F = 350.5,
R2 = 0.9825. For m-PGES-1: F = 430.4,
R2 = 0.9857. For PGE2: F = 354.3,
R2 = 0.9827.
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189.0 ± 1.71 μg/mL, respectively for red Hibiscus in compared to as-
corbic acid (20.25 ± 1.2 μg/mL, 57.76 ± 4.75 μg/mL and
20.69 ± 1.36 μg/mL, respectively). A high total antioxidant capacity
was 1300 ± 0 and 1360 ± 20 μM AAE / g extract for white and red
Hibiscus, respectively (Table 1).

3.1.2. The total monomeric anthocyanin content
TMA contents for white and red Hibiscus was 255.5 ± 1.01 and

264.25 ± 2.5 mg CGE /100 g dw plant powder, respectively.

3.1.3. Metabolic profiling of white and red Hibiscus calyces using LC/MS/
MS

The LC/MS/MS analysis of white and red Hibiscus anthocyanins
enriched extracts revealed the tentative identification of 24 and 26
metabolites, respectively. Anthocyanins and flavonoids were found to
prevail. The detected phytoconstituents (Table 2, Figs. 1 and 2) were
tentatively identified by comparing the molecular formulae and the
major fragment ions with a phytochemical dictionary of natural pro-
ducts database (Wiley, CRC).

3.2. Biological assessment

3.2.1. In vitro AChE inhibitory assay
White and red Hibiscus showed a moderate inhibitory activity to-

ward AChE with IC50 = 123.22 ± 9.63 μg/mL and 106.09 ± 7.17 μg/
mL, respectively as compared to galantamine (6.62 ± 0 μg/mL).

3.2.2. In vivo neuroprotective effect
3.2.2.1. Behavioral test "MWM". In the probe test, the ICV-STZ mice
crossed the previous platform site much less frequent than the control
mice and did not reveal marked improvement towards the target
quadrant. They displayed a remarkable decrease in the meantime
consumed in the target quadrant by about 38 % compared to the
normal group. These results proposed an impairment to remember the
spatial coordinates of the platform under the applied environment.

Meanwhile, celecoxib, white and red Hibiscus anthocyanins en-
riched extracts groups displayed a remarkable increase in the mean
time spent in the target quadrant by about 78 %, 74 % and 45 %,

respectively, in comparison to the STZ-treated group (Fig. 3).

3.2.2.2. Biochemical analysis
3.2.2.2.1. Aβ42, SP1 and BACE1. ICV injection of STZ caused about

4 folds increase in the level of Aβ42 through approximately equal folds
augmentation of SP1 and about 7 folds increase in BACE1 in the whole
brain compared to the normal group.

Treatment with celecoxib and Hibiscus anthocyanin-enriched ex-
tracts normalized the aforementioned parameters levels approximately
to the same extent, albeit both Hibiscus varieties significantly increased
BACE1 level compared to celecoxib (Fig. 4).

3.2.2.2.2. Gamma secretase and APH1a. ICV injection of STZ caused
a profound increase in γ secretase (about 6 folds) through augmentation
of APH1a (about 9 folds) in the whole brain compared to that of normal
mice. All treatments normalized elevated levels of both γ secretase and
APH1a nearly to the same extent, albeit γ secretase in red Hibiscus
group was significantly elevated compared to that of celecoxib group
(Fig. 5).

3.2.2.2.3. P38MAPK, COX-2, mPGES-1 and PGE2. ICV injection of
STZ caused an increase in cerebral PGE2 level to about 3 folds through
the induced augmentation of COX-2 (about 11 folds) and p38MAPK
(about 3 folds) levels, that led to an increase in mPGES-1 (about 5 folds)
level compared to normal.

PGE2 and mPGES-1 levels were normalized in the three treated
groups. COX-2 and p38MAPK levels in both extracts were decreased
compared to STZ group and increased compared to the normal group.
COX-2 in the red Hibiscus group and p38MAPK in white Hibiscus group
were significantly increased compared to that of celecoxib group
(Fig. 6).

3.2.2.2.4. Pro-inflammatory cytokines. The anti-inflammatory
actions of celecoxib and Hibiscus was denoted by the normalized
levels of pro-inflammatory cytokines; TNF-α, IL-6 and IL-1β that was
increased in STZ group by 479 %, 493 % and 202 %, respectively
compared to normal group (Fig. 7).

3.2.2.2.5. Oxidative stress markers. The antioxidative effects of
celecoxib and Hibiscus extracts were observed by the normalization of
the rigorously elevated MDA (about 8 folds) and MPO (about 5 folds)
levels induced by ICV injection of STZ compared to the normal mice

Fig. 7. Effects of Hibiscus extracts and cel-
ecoxib on the concentrations of TNF-α (A),
IL-6 (B) and IL-1β (C). The anti-inflammatory
actions of celecoxib (30 mg/kg), white and red
Hibiscus extracts (200 mg/kg each) was de-
noted by the normalized levels of the pro-in-
flammatory cytokines; TNF-α, IL-6 and IL-1β
that was increased by ICV-STZ (3 mg/kg).Data
are expressed as means ± S.D. The sig-
nificance of the difference between means was
tested by ANOVA followed by Tukey Kramer
multiple comparisons test. * P < 0.05 vs
normal; @ P < 0.05 vs STZ-treated group; #
P < 0.05 vs celecoxib. n = 6 mice, DF = 29.
For TNF- α: F = 148.3, R2 = 0.9596. For IL-6:
F = 154.3, R2 = 0.9611. For IL-1β: F = 59.07,
R2 = 0.9043.
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(Fig. 8).

3.2.2.3. Histopathological examination
3.2.2.3.1. Cerebral cortex. Microscopically, sections of cerebral

cortex of normal control mice revealed the normal histological
structure (Fig. 9a). On contrary, cerebral cortex of STZ treated mice
showed numerous neuropathic alterations described as shrunken,
atrophied and degenerated neurons associated with neurofibrillary
tangles (Fig. 9b and c). In addition, neuronophagia of degenerated
neurons (Fig. 9c) as well as cellular edema and focal gliosis were
observed. Meanwhile, sections from celecoxib treated mice revealed
marked improved neuropathic changes, most examined sections from
this group showed no histopathological alterations (Fig. 9d). Moreover,
cerebral cortex of mice treated with either white or red Hibiscus showed
mild histopathological changes confined to shrunken and degeneration
of some neurons (Fig. 9e and f), neuronophagia of degenerated neurons
and focal gliosis in some sections (Table 3).

3.2.2.3.2. Hippocampus. Microscopic examination of hippocampus
of normal control mice demonstrated the normal histological structure
(Fig. 10a). On the other hand, sections from STZ treated mice showed
pyknosis, shrunken and degeneration of pyramidal neurons in CA1
region (Fig. 10b) associated with proliferation of microglia cells.

Meanwhile, hippocampal sections from mice treated with celecoxib
revealed apparent normal histological structure (Fig. 10c). However,
marked improvement with minimal changes were noticed in the
sections from mice treated with white Hibiscus, the only change
observed was necrosis of sporadic pyramidal neurons (Fig. 10d).
Moreover, hippocampus of mice treated with red Hibiscus maintained
their normal histology except for pyknosis and necrosis of some neurons
(Fig. 10e and Table 3).

3.2.2.4. Immunohistochemistry
3.2.2.4.1. Tau-protein. Immunohistochemical analysis of tau-

protein present in the cerebral cortex and hippocampus revealed no
expression in sections of brain of normal control mice (Figs. 11a and 12
a). On the other hand, strong positive tau-protein immune expression
was detected in the tested sections from STZ treated mice (Figs. 11b and
12 b). Meanwhile, cerebral cortex of celecoxib treated mice showed no
immune expression (Fig. 11c), whereas, hippocampus revealed mild,
immune expression (Fig. 12c). On contrary, weak positive immune
reaction was noticed in the cerebral cortex and hippocampus of white
Hibiscus treated mice (Figs. 11d and 12 d), respectively. Moreover,
sections from red Hibiscus treated mice showed moderate tau-protein
expression (Figs. 11e and 12 e). Figs. 11f and 12 f revealed a
quantitative estimation of tau-protein immunostaining expression in
mice from different groups tested.

3.2.2.4.2. Caspase-3. Immunohistochemical analysis of caspase-3 in
the cerebral cortex and hippocampus of normal control mice showed no
immune expression (Figs. 13a and 14 a). On contrary, intensely stained
immune-reactive neurons were detected in the investigated sections
from STZ treated mice (Figs. 13b and 14 b). Meanwhile, cerebral cortex
as well as hippocampus of celecoxib treated mice showed no immune
expression (Figs. 13c and 14 c). Furthermore, weak positive caspase-3
expression was detected in the cerebral cortex of white Hibiscus treated
mice (Fig. 13d), whereas, no immune reaction was noticed in the
hippocampus from this group (Fig. 14d). However, cerebral cortex and
hippocampus from red Hibiscus treated mice showed moderate and
weak caspase-3 expression (Figs. 13e and 14 e), respectively. Figs. 13f
and 14 f revealed a quantitative estimation of caspase-3
immunostaining expression in mice from different groups tested.

4. Discussion

Knowledge of the pathophysiology of AD is gathered regularly and
reveals more probable drug targets and disease biomarkers. Much at-
tention has pointed to the plaques and their main component Aβ in
addition to intermediates in production or degradation of Aβ, particu-
larly after the generation of the hypothesis of amyloid cascade that
viewed Aβ as a significant trigger in the pathology of AD [19]. How-
ever, till now no disease-modifying drug is present for AD [20].

Plant extracts, natural products and polyunsaturated fatty acids
have been recently reported to prevent neurodegenerative diseases
[21,22]. Moreover, extracts rich in polyphenolics and vitamin E ex-
hibited significant neuroprotective effect in animal models [23,24].
Many targets of AD under investigation lies in the amyloid pathway of
AD as β-secretase, APP, γ-secretase, in addition to Aβ itself [20]. In the
current study, the ICV injection of STZ affords a well-established animal
model displaying several aspects of AD as neuroinflammation, β-amy-
loid and tau proteins accumulation, as well as oxidative stress, learning
and memory impairment. Accordingly, STZ-treated mice model is one
of the non-transgenic models in mice used to represent AD.

Promoting SP1 degradation by giving celecoxib and Hibiscus an-
thocyanins enriched extracts to mice reduces the levels of APP and
Aβ42 resulting in cognition improvement as determined by a beha-
vioral test using the MWM. These valuable effects are accompanied by
decrease in γ-secretase, APH1a, BACE1activity, in addition to COX-2-
linked neuroinflammation.

Aβ occur as 36–43 amino-acid-long peptides where Aβ40 is the most

Fig. 8. Effects of Hibiscus extracts and celecoxib on the concentration of
MDA (A) and MPO (B). The antioxidative effects of celecoxib (30 mg/kg),
white and red Hibiscus extracts (200 mg/kg each) were observed by the nor-
malization of the rigorously elevated MDA and MPO levels induced by ICV
injection of STZ (3 mg/kg). Data are expressed as means ± S.D. The sig-
nificance of the difference between means was tested by ANOVA followed by
Tukey Kramer multiple comparisons test. * P < 0.05 vs normal; @ P < 0.05
vs STZ-treated group. n = 6 mice, DF = 29. For MDA: F = 1476, R2 = 0.9958.
For MPO: F = 383.3, R2 = 0.9840.
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common while Aβ42 is the most aggregate and is intended to cause
plaque formation in AD [25]. Aβ isproduced following the sequential
enzymatic processing of the APP by β-secretase and γ-secretase [26].
The Aβ generated is secreted normally but it can also accumulate and
become insoluble [26,27]. Elevated β-secretase levels [28] and activity
[29] are observed in the brains of AD compared to control. BACE1 is the
prominent form of β-secretase which cleaves APP to produce Aβ [30].
Another pathway for APP processing, it can be divided within the Aβ
fragment by α-secretase enzyme producing non-amyloidogenic pro-
ducts [31].

SP1 targeting is a promising perspective in the discovery of disease-
modifying drugs for AD due to its unique function in AD-related genes
transcription [20]. SP1 serves as a co-activator of transcription of APP
and adjusts the BACE1 expression [32]. SP1 overexpression raises
BACE1 promoter activity, whereas SP1 decline decreases BACE1 gene
transcription [32]. One of the other possible mechanisms by which ICV-
STZ administration induces cognitive impairment is the induction of
degradation of phospholipids resulting in increased arachidonic acid.
PGE2 is an arachidonic acid derivative, its generation is catalyzed by
the cyclooxygenases and PGESs enzyme [15].

To further explore the mechanism of action of Hibiscus, investigation
of its effect on cerebral COX-2, p38 MAPK, mPGES-1, and PGE2 protein
levels in STZ-induced AD was performed. It was suggested that Hibiscus
acts to decrease PGE2 production through interfering with both COX-2
and mPGES-1protein synthesis [33]. Furthermore, it was recently illu-
strated that the STZ-induced learning and memory impairments in mice
are due to the upregulation of COX-2 levels [15] and stimulation of the
neuroinflammatory response [34]. Moreover, it was proposed that cy-
clooxygenases (COXs) expression may influence β-amyloid peptide
production through mechanisms that include the PGE2-mediated po-
tentiation of γ-secretase activity, approving a role for COX-2 in the
neuropathology of AD [35]. The use of COX inhibitors, like in-
domethacin, has been reported to produce improvement in AD symp-
toms. It was supposed that the mechanism includes a decrease in in-
flammation and oxidative stress. In addition, celecoxib which is a
selective COX-2 inhibitor, helps in reducing the disease progression via
its anti-inflammatory power affording reduction in neuronal cell death
[36]. Subsequently, it was used as a positive control in the current
study. The COX-2/mPGES-1 enzyme pathway and the production of
prostaglandins play an important role in the activation of microglia.
The final step in the synthesis of PGE2 is regulated by PGESs [37].
Among these, mPGES-1 is an inducible enzyme [38]. Several in-
tracellular signaling molecules regulated these enzymes such as nuclear
factor-kappa B and MAPK. MAPKs are serine/threonine protein kinases
family that are essential in the generation of inflammatory mediators.
P38MAPK is among the vital kinases in this family; its elevated activity
has been closely correlated to pathologies included in neurodegenera-
tive diseases [39]. Numerous studies have reported that p38MAPK is
upregulated throughout microglial inflammation [40]. Evidence pro-
posed that patients suffering from neurodegenerative disorders such as
AD may benefit from inhibitors of p38MAPK.

Interestingly, Hibiscus exhibited further beneficial anti-in-
flammatory actions by reducing the generation of pro-inflammatory
cytokines (TNF-α, IL-6, and IL-1β), which were augmented by ICV ad-
ministration of STZ. This anti-inflammatory effect was comparable to
that of celecoxib. Wang et al. [14] showed that ICV-STZ caused a
profound increase in the proinflammatory cytokines. Moreover, pre-
vious studies have reported improvement in the cognitive function by
correction of the excessive stimulation of the inflammatory response

Fig. 9. Histological H&E stained sections of cerebral cortex (Scale bar 25 um).
a) Normal control mice showing the normal histological structure and normal neurons. b) STZ induced mice (3 mg/kg) showing shrunken, atrophied and dark
pyknotic degenerated neurons (black arrow) associated with neurofibrillary tangles (yellow arrow). c) STZ induced mice (3 mg/kg) showing shrunken, atrophied and
degenerated neurons associated with neurofibrillary tangles (yellow arrow) and neuronophagia of degenerated neurons (black arrow). d) Celecoxib treated mice
(30 mg/kg) showing no histopathological alterations. e) White Hibiscus treated mice (200 mg/kg) showing shrunken and degeneration of some neurons (black
arrow). f) Red Hibiscus treated mice (200 mg/kg) showing shrunken and degeneration of some neurons (black arrow) with others histologically normal neurons.

Table 3
Histopathological lesions score in cerebral cortex and hippocampus of all ex-
perimental groups.

Histopathological lesions Cerebral cortex

Normal STZ Celecoxib White
Hibiscus

Red Hibiscus

Degeneration and
necrosis of neurons

0 4 1 2 2

Neurofibrillary tangles 0 3 0 1 2
Neuronophagia 0 3 1 1 1
Neuronal edema 0 3 0 0 0
Gliosis 0 3 0 0 1
Hippocampus
Necrosis of pyramidal

neurons
0 4 0 1 2

Gliosis 0 2 0 0 0

Values are expressed in ten examined microscopic fields per section/mice
(n = 6) under high power magnification (x400).
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[41].
Hibiscus showed a profound antioxidative action as it decreased the

elevated MDA and MPO in STZ-treated mice. The ICV-STZ-induced
oxidative stress-related neurodegeneration was reported by several
authors [14,42].

Immunohistochemical analysis of the cerebral cortex and hippo-
campus revealed expression of caspase-3 in the examined sections of
STZ-treated mice, this was following other related studies [43]. Treat-
ment with celecoxib and both Hibiscus extracts effectively ameliorated
the induced expression of Caspase-3.

Similarly, the immunohistochemical analysis of tau-protein in the
cerebral cortex and hippocampus revealed a strong positive immune
expression in examined sections from STZ-treated mice [44] reported

induction of hyperphosphorylation of tau-protein upon ICV-STZ injec-
tion. Celecoxib and Hibiscus treated groups showed an improvement in
tau-protein expression.

Additionally, the cognitive skills improvement in mice after the
administration of celecoxib and Hibiscus treatment was established
using MWM. The ICV-STZ mice have a reduced ability to encode the
surroundings as a spatial map and to find the location of the platform,
indicating spatial reference memory impairment. This result was in
agreement with that previously reported that ICV-STZ-treated mice had
shortage in spatial memory determined by defective acquisition and
retention in the MWM and passive avoidance tasks [15,45].

Delphinidin, cyanidin and their respective glycosides, in addition to
hydroxycoumarin, caffeoyl quinic acid, myricetin 3-sambubioside,

Fig. 10. Histological H&E stained sections from CA1 region of hippocampus (Scale bar 25 um).
a) Normal control mice showing the normal histological structure of pyramidal neurons. b) STZ induced mice (3 mg/kg) showing pyknosis, atrophy, shrunken and
degeneration of pyramidal neurons (arrow). c) Celecoxib treated mice (30 mg/kg) showing apparent normal histological structure of neurons. d) White Hibiscus
treated mice (200 mg/kg) showing necrosis of sporadic pyramidal neurons (arrow). e) Red Hibiscus treated mice (200 mg/kg) showing necrosis of some pyramidal
neurons (arrow).

Fig. 11. Immunohistochemical analysis of Tau-protein in the cerebral cortex of the different experimental groups (Scale bar 25 um).
a) Normal control mice showing no tau- protein expression. b) STZ induced mice (3 mg/kg) showing strong immune reaction (arrow). c) Celecoxib treated mice
(30 mg/kg) showing no immune expression. d) White Hibiscus treated mice (200 mg/kg) showing weak immune reaction (arrow). e) Red Hibiscus treated mice
(200 mg/kg) showing moderate tau- protein expression (arrow). f) Immunohistochemical staining area % of tau-protein in the cerebral cortex of control and treated
mice. Data are expressed as means ± S.D. One−way analysis of variance was used for data analysis (n=6), mean values with unlike superscript letters were
significantly different at (P < 0.05).
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quercetin 3-sambubioside, gossypetin 3-O-glucoside and N-feruloyltyr-
amine are the major metabolites identified in the anthocyanin-rich
extracts. Moreover, the neuroprotective effects observed in both vari-
eties may be due to the presence of these metabolites that was pre-
viously reported as neuroprotective compounds [4,46–52]. In this re-
gard, the synergistic effect of all these bio active metabolites may
influence the potent neuroprotective activity of Hibiscus extracts. This
also contributes in the elimination of tedious, multi-steps isolation
procedures of active metabolites and recommends the use of antho-
cyanin-rich extracts of Hibiscus as a natural neuroprotective agent.

5. Conclusion

Our results provide evidence that Hibiscus, an anthocyanins rich
plant, represents a good candidate for the amelioration of AD pa-
thology. Hibiscus was able to reverse the STZ-induced upregulation in
the amyloidogenic pathway as well as targeting COX-2/mPGES-1 in
PGE2 production and modulating cytokine levels. This was confirmed
by the observed cognitive enhancement with the parallel improvement
in the histopathological examination, neurofibrillary tangles, tau-pro-
tein, and apoptosis.

Fig. 12. Immunohistochemical analysis of Tau-protein in the hippocampus (CA1) of the different experimental groups (Scale bar 25 um).
a) Normal control mice showing no tau- protein expression. b) STZ induced mice (3 mg/kg) showing strong immune reaction (arrow). c) Celecoxib treated mice
(30 mg/kg) showing mild immune expression. d) White Hibiscus treated mice (200 mg/kg) showing mild immune reaction. e) Red Hibiscus treated mice (200 mg/kg)
showing moderate tau- protein expression (arrow). f) Immunohistochemical staining area % of tau-protein in the hippocampus of control and treated mice. Data are
expressed as means ± S.D. One−way analysis of variance was used for data analysis (n=6), mean values with unlike superscript letters were significantly different at
(P < 0.05).

Fig. 13. Immunohistochemical analysis of caspase-3 in the cerebral cortex of the different experimental groups (Scale bar 25 um).
a) Normal control mice showing negative expression. b) STZ induced mice (3 mg/kg) showing strong immune staining (arrow). c) Celecoxib treated mice (30 mg/kg)
showing no immune expression. d) White Hibiscus treated mice (200 mg/kg) showing weak immune reaction (arrow). e) Red Hibiscus treated mice (200 mg/kg)
showing moderate caspase-3 expression (arrow). f) Immunohistochemical staining area % of caspase-3 in the cerebral cortex of control and treated mice. Means
carrying different superscripts (a, b, c, d) are significantly different at (P < 0.05). Data are expressed as means ± S.D. One−way analysis of variance was used for
data analysis (n=6), mean values with unlike superscript letters were significantly different at (P < 0.05).
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mean values with unlike superscript letters were significantly different at (P < 0.05).
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