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Abstract: Sickle cell disease (SCD) is a neglected tropical disease (NTD) associated with
severe health consequences, including death. Hibiscus tiliaceus L., from the Malvaceae
family, is used traditionally in Kisangani, Democratic Republic of the Congo (DRC), to
alleviate symptoms of SCD. However, the specific phytochemicals responsible for the
observed therapeutic effects remain unclear. This study aims to characterize the aqueous
leaf extract of H. tiliaceus and assess its biological activity against sickle cell disease, includ-
ing its antisickling, antioxidant, and anti-inflammatory effects. Using techniques such as
TLC, HPLC-UV/DAD, LC-MS, and NMR, we identified kaempferol 3-O-rutinoside and
rutin in the aqueous extract of H. tiliaceus leaves. Rutin exhibited potent antioxidant and
anti-inflammatory activities, with IC50 values of 5 µg/mL and 2.5 µg/mL, respectively.
Conversely, kaempferol 3-O-rutinoside demonstrated superior antisickling activity, nor-
malizing sickled red blood cells with an IC50 < 12.5 µg/mL. Due to the pathophysiology of
SCD, which involves the polymerization of red blood cells, which induces oxidative stress
and an inflammatory response, this study suggests the importance of H. tiliaceus for the
management of SCD. Additionally, the combined effect of molecules in H. tiliaceus will
help in normalizing erythrocytes, inhibiting free radicals generated by early hemolysis,
thus contributing to inflammatory processes reduction. This finding provides evidence and
validates the traditional use of H. tiliaceus aqueous extract for the management of SCD.

Keywords: phytochemical; sickle cell disease; Hibiscus tiliaceus L.; aqueous extract; biological
activities
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1. Introduction
Neglected tropical diseases (NTDs) encompass a diverse range of conditions that

have severe health and socio-economic impacts. They are associated with stigma and
social exclusion due to hopeless conditions. NTDs have a high prevalence and mortality,
particularly in poor communities in tropical areas, although some have a much wider
geographic distribution [1].

According to the World Health Organization (WHO), NTDs can be classified into
diseases of microbial infectious origin (viral, bacterial, fungal, etc.) and non-infectious
origin. Sickle cell disease (SCD) is classified in the non-infectious class following the criteria
of the Public Library of Science [1,2]. NTDs are characterized by (i) a global distribution with
the highest burden among the poorest and most disadvantaged populations, (ii) a serious
morbidity associated with reduced quality of life and mortality, (iii) a comorbidity for
other life-threatening illnesses, (iv) a relatively simple diagnostic test, and (v) inexpensive
treatment options [3]. Considering the stigma and difficulties in accessing quality healthcare
faced by people with SCD living in developing countries, the disease falls into the category
of NTD [4].

WHO—Africa declares SCD as a silent killer that requires urgent attention because in
many countries, the newborn screening programs are very limited, difficult to implement,
or non-existent. One hundred and twenty million people with SCD worldwide live in
Africa, and around 1000 new babies are born every day with a high risk of SCD [5,6].

With an estimated prevalence of 3.5% for the homozygous form and 26.8% for the
heterozygous, the Democratic Republic of Congo (DRC) is considered the second country
in Africa and the third in the world, after India and Nigeria, respectively, most likely to
develop new cases of SCD. Approximately 40,000 newborns are affected by the homozygous
form each year [7–10].

Also called sickle cell anemia, SCD is a genetic disease that affects hemoglobin (1),
with a specific mutation in the sixth codon of the β-globin gene that leads to the substitution
of glutamic acid by valine, resulting in the polymerization of red blood cells (2) and causing
anemia due to chronic hemolysis of the red blood cells (RBCs). Polymerization of RBCs
causes the production of reactive oxygen species (ROS), activation of Toll-like receptor 4
(TLR4), and production of extracellular neutrophil traps (NETs), which lead to oxidative
stress and related inflammation to the release of inflammasomes [3]. Apart from anemia,
other clinical manifestations include vaso-occlusive crises, acute chest syndrome, kidney
injury, stroke, splenic sequestration, and atherosclerosis [4].

Management of SCD principally involves the symptomatic treatment of patients to
relieve pain, anemia, and vaso-occlusive crises, mainly using chemical substances, such as
hydroxyurea, phytomedicines such as Niprisan®, or other herbal products that have proved
efficacious in adults and children [11–14]. However, due to their high cost and their limited
availability in the city of Kisangani, DRC, those products are not easily accessible to the
sickle cell patients [15]. In some developed countries, bone marrow transplantation, a very
effective technique, is offered but is not yet feasible in Kisangani due to its requirements
and high cost [16].

This has led to the use of traditional medicinal plants for the management of SCD,
including Hibiscus tiliaceus L., Carica papaya L., Moringa oleifera Lam., Terminalia catapa L.,
Alchornea cordifolia Müll.Arg., Persea americana Mill., Morinda lucida Benth., Tectona grandis
L., Theobroma cocoa L., etc. Previous studies have described the evaluation of the antisick-
ling activity of most of these plants, which justifies their current use [17–19]. However,
in the case of H. tiliaceus, the most used in Kisangani by SCD patients, previous studies
were focused on metabolic syndromes (diabetes and dyslipidemia) and the plant’s antide-
pressant, antimutagenic, and anticancer activities [20–23]. Additionally, there are some
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studies that describe the antibacterial, immunomodulatory, anti-inflammatory, antioxi-
dant, and thrombolytic activities, which could partly justify its use in the case of sickle
cell anemia [24–29]. The extracts were made with hexane, methanol, and ethanol, from
which several metabolites were isolated, such as phenol acids, flavonoids, coumarins, and
terpenoids [30–33].

H. tiliaceus is a Malvacaea plant widely distributed in several countries around the
world (Figure 1). It can adapt to any soil type but has a preference for soils rich in organic
matter and with high humidity. The H. tiliaceus leaves, which are mostly used to manage
SCD by the local population, were collected from Kisangani, DRC. This study focused
on a phytochemical analysis of the flavonoid and phenol acids in the aqueous extract of
H. tiliaceus leaves and the evaluation of their biological activities against SCD. Our objective
was to contribute to the improvement of SCD management in Kisangani and beyond by
providing virtuous scientific evidence (biological activities) on the use of medicinal plants,
such as H. tiliaceus.
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Figure 1. Geographical distribution of H. tiliaceus L. in the subtropical countries [34]. The green color
indicates countries where H. tiliaceus originated, while the purple color indicates the countries where
it has been introduced through cultivation.

2. Results and Discussion
2.1. Phytochemical Characterization
2.1.1. Samples and Chemicals Compositions

After confirming the species identification at the Meise Botanic Garden in Belgium,
with number BR0000026185842V (see Figure 2), seven separate batches of H. tiliaceus leaves,
collected from different soil types (arid and marshy), were dried and powdered to obtain
dried decoction extracts. The powders’ average moisture content was 8.5%, and the aqueous
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extraction of the different batches yielded an average of 15.7% dry extract (n = 7 extracts,
standard deviation = 1.25%).

Molecules 2025, 30, x FOR PEER REVIEW 4 of 20 
 

 

aqueous extraction of the different batches yielded an average of 15.7% dry extract (n = 7 
extracts, standard deviation = 1.25%). 

 
Figure 2. H. tiliaceus in its natural environment in Kisangani (A) and the herbarium specimen de-
posed at Meise Herbarium Garden (B). 

2.1.2. Chromatographic Profiles of Flavonoids and Phenol Acids 

A thin-layer chromatogram (TLC) analysis of the aqueous extracts (Figure 3) showed 
several spots under blue light and Neu’s reagent with various colors, among which yel-
low–orange and greenish white were observed, which are characteristics of flavonoids 
and caffeic acids derivatives, respectively. Further flavonoid identification allowed us to 
confirm the presence of rutin. However, other complementary TLC tests did not confirm 
caffeic acid nor chlorogenic or neo-chlorogenic acids). Due to the advantages of TLC 
(rapid and easy to implement in low-income countries and cities, such as Kisangani), we 
could consider this stage as our contribution to a first-line quality control of H. tiliaceus. 

 

Figure 3. Thin-layer chromatographic profile of aqueous decoction extracts (1, 2, and 3) in presence 
of astragalin (4) and rutin (5). TLC conditions: silica gel plate; Mobile phase: ethyl acetate, glacial 
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at Meise Herbarium Garden (B).

2.1.2. Chromatographic Profiles of Flavonoids and Phenol Acids

A thin-layer chromatogram (TLC) analysis of the aqueous extracts (Figure 3) showed
several spots under blue light and Neu’s reagent with various colors, among which yellow-
orange and greenish white were observed, which are characteristics of flavonoids and
caffeic acids derivatives, respectively. Further flavonoid identification allowed us to confirm
the presence of rutin. However, other complementary TLC tests did not confirm caffeic acid
nor chlorogenic or neo-chlorogenic acids). Due to the advantages of TLC (rapid and easy
to implement in low-income countries and cities, such as Kisangani), we could consider
this stage as our contribution to a first-line quality control of H. tiliaceus.
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Figure 3. Thin-layer chromatographic profile of aqueous decoction extracts (1, 2, and 3) in presence
of astragalin (4) and rutin (5). TLC conditions: silica gel plate; Mobile phase: ethyl acetate, glacial
acetic acid, formic acid, water (100:11:11:26, v/v/v/v); Developer: Neu’s reagent; Detection: UV lamp
at 366 nm.

The green–white (named F1–F5) and yellow–orange (named F7) spots were more
dense compared to the others. They were further analyzed with more efficient separative
techniques, such as HPLC-UV/DAD and HPLC-MS.
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HPLC-UV/DAD revealed several chromatographic peaks, among which were ob-
served the derivative of caffeic acids (from 10 min to 20 min) and the flavonoids group
(from 27 min to 33 min) (Figure 4). The high peak at about 29 min was confirmed to belong
to rutin.
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Figure 4. LC analysis of aqueous extract on Hypersil ODS C18 column (250 × 4.6 mm, 5 µm, 100 Å),
using a gradient mode composed of acetonitrile (A) and ultra-pure water + trifluoroacetic acid 0.05% (B)
as the mobile phase. Legend with the corresponding relative retention times of detected peaks.
Unknown compounds of caffeic acid derivatives (at RRT = 0.340, F2 = 0.387, F1 = 0.405, F3 = 0.430,
F4 = 0.481, and F5 = 0.555) and flavonoid (F6 = 0.930, F7 = 1.000, and F8 = 1.091). Only F7 was
identified to be rutin.

Preparative HPLC was performed to isolate the targeted compounds, mainly F1–F8, with the
help of the TLC and HPLC-UV/DAD above used for monitoring and confirmation, respectively.

2.1.3. Liquid Chromatography Coupled to Mass Spectrometry Analyses

Since there was some doubt about the fractions’ purity, we resorted to LC-MS tech-
niques for confirmation. Only fractions F1, F7, and F8 were isolated with 100% purity.
Indeed, the masses obtained in the negative mode scan show the probable presence of rutin
(609.3 g/moL) and kaempferol 3-O-rutinoside (593.3 g/moL) for fractions F7 (Figure 5) and
F8 (Figure 6), respectively.
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Figure 5. Negative mode LC-MS analysis of F7 with PFP column (150 mm × 4.6 mm, 100 Å, 5 µm),
a flow rate of 0.3 mL/min, and an injection of 5 µL, in gradient mode, with the mobile phase composed
of water + 0.1% formic acid and acetonitrile.
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Figure 6. Negative mode LC-MS analysis of F8 with PFP column (150 mm × 4.6 mm, 100 Å, 5 µm),
a flow rate of 0.3 mL/min, and an injection of 5 µL, in gradient mode, with the mobile phase composed
of water + 0.1% formic acid and acetonitrile.

2.1.4. Nuclear Magnetic Resonance Analyses

In addition to the LC-MS analysis, fractions F7 and F8 were also examined using
nuclear magnetic resonance (NMR) spectroscopy. Specifically, the proton and carbon-13
spectra were obtained for fraction F7. Figures 7 and 8 illustrate the 1H and 13C NMR spectra
of fraction F7, where the chemical shifts are indicative of rutin. The 1H NMR spectrum
exhibited characteristic proton signals at 7.6, 6.8, 6.4, and 6.2 ppm, corresponding to five
aromatic protons. The 1H NMR spectrum also endorsed glucose and rhamnose moieties at
5.4 ppm with the glucose anomeric proton signal and 4.5 ppm with the rhamnose anomeric
proton signal. At 1.1 ppm (d, 3H, J = 6.6 Hz), a doublet corresponding to the methyl group
of rhamnose was observed at a high field. The remaining protons resonated between
3.75 and 3.25 ppm in the sugar moiety. The 13C spectrum shows the different carbon
positions on the genin part and on the sugar part, namely, glucose and rhamnose. We
note the following: aglycone δC 159.3 (C-2), 135.6 (C-3), 179.3 (C-4), 162.9 (C-5), 99.9 (C-6),
166.1 (C-7), 94.8 (C-8), 158.5 (C-8A), 104.6 (C-5A), 123.0 (C-1′), 117.6 (C-2′), 145.8 (C-3′),
149.8 (C-4′), 117.6 (C-5′), 123,6 (C-6′); glucose moiety δC 104.6 (C-1′′), 75.6 (C-2′′), 77.0 (C-3′′),
71.3(C-4′′), 78.1(C-5′′), 68.7 (C-6′′); and rhamnose moiety δC 102.3 (C-1′′′), 72.0 (C-2′′′),
72.2 (C-3′′′), 73.9 (C-4′′′), 69.7 (C-5′′′), 17.8 (C-6′′′).
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These features allowed the identification of the peak as rutin with a chemical structure
of C27H30O16. This agrees with previous studies where rutin has been isolated and identi-
fied in plant extracts. Regarding the F8 fraction, in addition to the LC-MS data, we relied on
data from previous studies that describe the identification of kaempferol 3-O-rutinoside in
H. tiliaceus leaves’ extract. Other studies have identified rutin, isoquercitrin, trans-tiliroside,
and kaempferol 3-O-glucoside (astragalin) in the leaves methanolic extracts [28,32].

This variation may result from several factors, including soil type, plant variety
(distinguished by leaf or flower color), age, and harvest period. Exploring this aspect in
future studies is crucial, as it impacts both the qualitative and quantitative profiles of the
plant [35–37].

2.2. Biological Activities Related to the SCD Clinical Consequences
2.2.1. Antisickling Test

This test showed that the F8 fraction had the best normalization capacity of red blood
cells (RBC), up to 80% at a concentration of 50 µg/mL, unlike F7, which was limited to less
than 30% normalization at all the tested concentrations. The test duration was up to 60 min.

However, at 100 µg/mL concentration, the images of the F8 sample and the total
extract sample were difficult to interpret due to the undetectability of the RBCs. This
situation suggests more likely RBC destruction when in contact with those samples. At
that concentration, we also noted an unusual color change from red to gray greenish. This
constitutes an important aspect to take care in the standardization of plant-based recipes in
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order to avoid adverse reactions of the pro-oxidant or hemolytic type. One can highlight
this as virtuous scientific evidence to advise on the use of medicinal plants. Figure 9
presents the RBC appearance after sample processing under several testing conditions.
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To compare the antisickling activity of different extract samples, it was necessary
to determine the minimal concentration of RBC normalization. We also compared the
RBC behavior for 60 min after treatment with the samples to be tested. Figure 10 shows
that F8 presents the ability to normalize 50% of RBC at a concentration of <12.5 µg/mL.
However, this normalization rate decreases over time to less than 40% for the F1 samples
and the total extract, whereas for F8, the normalization rate was 70% at 12.5 µg/mL and
remained almost unchanged after 60 min. Previous studies have shown that rutin at
100–500 pg/mL can prevent hemolysis, even in the presence of hemolytic substances,
including phenylhydrazine used at 1–500 pg/mL. In addition, this antihemolytic effect
highlights the pertinent and favorable activities of rutin as a promising molecule for
improving the quality of life of sickle cell patients [38,39].

The antisickling activity of kaempferol extracted from Justicia carnea, methyl-
kaempferol extracted from Justicia secunda, and kaempferol 3-O-glucoside extracted from
Uapaca heudelotii Baill. has also been reported in previous studies. This reinforces the find-
ings of our research and suggests that the ability of kaempferol heterosides to normalize
sickle red blood cells is mediated through their aglycon moiety [40–42].

Conversely, it should be noted that this may vary for other activities. For instance,
kaempferol 3-O-glucoside has demonstrated anti-inflammatory and antioxidant properties,
whereas its rutinoside form does not. Similarly, rutin shows different activities depending
on whether it is in its aglycon or glycosidic form [43–45].
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2.2.2. Antioxidant Tests

From Figure 11, it appears that only F7 has better concentration-dependent antioxi-
dant power against DPPH and ABTS radicals compared to the reference compound rutin.
Surprisingly, at the tested concentrations (from 2.5 to 10 µg/mL), F1 and F8 presented
weak activity, even with reverse action, “pro-oxidant”, with the negative inhibition value
exacerbated observed mainly with the ABTS test. This observation corroborates with
previous research outcomes, where rutin showed antioxidant property with an IC50 of
17.57 ± 0.02 mM, and kaempferol 3-O-rutinoside had no activity [28]. One can highlight this
as another virtuous scientific evidence to advise on the use of medicinal plants that contain
such compounds. The antioxidant activity difference between the reference compound
rutin and F7 fraction was statistically significant, with a p-value of 0.018 at a concentration
of 5 µg/mL only for the ABTS assay.
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Figure 11. Antioxidant activities expressed as percentage of inhibition observed with DPPH test (A)
and ABTS assay (B) of F1, F7, and F8, compared to rutin (used as a positive control) and the total
extract (TE), as well. Legend: (ns): p > 0.05; (*): p < 0.05; (**): p = 0.004.
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2.2.3. Anti-Inflammatory Test

It appears that at all the tested concentrations, the F1 and F8 fractions were slightly
pro-inflammatory, unlike F7, which had better anti-inflammatory activity up to 80% at the
minimum concentration of 5 µg/mL (Figure 12).
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Figure 12. Anti-inflammatory profiles expressed as percentage of inhibition of MPO classic assay (A)
and SIEFED assay (B) of the F1, F7, and F8 fractions compared to rutin (used as a positive control)
and the total extract. Legend: (ns): p > 0.05; (*): p < 0.05.

Figure 12A shows the ability of F7 to block the reaction catalyzed by myeloperoxidase
(MPO). The difference between the anti-inflammatory activity of the F7 fraction and rutin
was found to be statistically significant, with a p-value of 0.04 for the classical MPO test,
and not statistically significant (p = 0.20) for the SIEFED test. In addition, Figure 12B shows
the better myeloperoxidase inhibitory power of fraction F7 compared to rutin with no
statistically significant difference. F7’s activity was also present even at 2.5 µg/mL, with
40% anti-inflammatory for both MPO direct assay (Figure 12A) and SIEFED (Figure 12B).

Indeed, myeloperoxidase (MPO) is an important enzyme that plays a crucial role in
innate immunity stimulation. It regulates the production of reactive oxygen species, causing
oxidative stress. Although this mechanism is essential for fighting infections, it also plays a
key role in the pathogenesis of sickle cell disease [46]. Excessive MPO production increases
oxidative stress, promoting inflammation and possibly contributing to the development of
atherosclerosis [47–50]. Therefore, partial inhibition of MPO could improve the condition
of sickle cell patients [51]. In previous research, kaempferol 3-O-rutinoside (F8) at 4 µM
showed more effective antipyretic effects than ibuprofen and acetaminophen due to its
ability to facilitate the elimination of inflammatory cytokines (IL-6 and TNF-α), whose levels
can be used as a useful predictor for poor outcomes in SCD [52]. Rutin and kaempferol
3-O-rutinoside are two flavonols that differ by a single hydroxyl group, which is present
in rutin but absent in kaempferol 3-O-rutinoside. Despite this difference, both remain
heterosides containing a rhamnose and a glucose molecule. The absence of this hydroxyl
group may reduce the anti-inflammatory and antioxidant properties of kaempferol 3-O-
rutinoside compared to rutin. However, this structural variation enhances kaempferol’s
ability to normalize sickle red blood cells through its aglycon moiety [53].

SCD and antioxidant/anti-inflammatory activities are connected by the crucial roles
played by neutrophil–RBC interactions to promote vaso-occlusion, resulting in oxidative
stress. Therefore, the inflammatory responses are the key components of numerous compli-
cations of the disease, including lysis of RBCs with the release of cell free hemoglobin (Hb)
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into the circulation and the subsequent production of reactive oxygen species. The immune
cells, neutrophils, contribute to exacerbating inflammation through NETs and enzymatic
reactions [54].

Polyphenols carry out their anti-inflammatory properties mainly through their antiox-
idant activity and their ability to inhibit enzymes involved in the production of eicosanoids.
They decrease the activity of enzymes responsible for the generation of reactive oxygen
species, such as xanthine oxidase and NADPH oxidase, while stimulating endogenous
antioxidant enzymes, including superoxide dismutase, catalase, and glutathione perox-
idase. Furthermore, they inhibit phospholipase A2, cyclooxygenase, and lipoxygenase,
thereby limiting the production of prostaglandins and leukotrienes, which helps to attenu-
ate inflammation. These mechanisms explain how aqueous extracts of H. tiliaceus provide
lasting benefits to sickle cell patients, by spacing out crises, as described by the population
of Kisangani [55].

3. Materials and Methods
3.1. Materials
3.1.1. Vegetable Materials

H. tiliaceus L. belonging to the Malvaceae family was selected based on data from a
survey conducted in 2022–2023 by Borive et al. [56] Leaves of H. tiliaceus were collected
around the University of Kisangani campus in Kisangani, DRC. Plant identification was
conducted at the herbarium of the Faculty of Science at University of Kisangani, with
confirmation at the Botanical Garden of Meise in Belgium.

3.1.2. Chemical Materials

The chemicals and the solvents: Glacial acetic acid, nitric acid, trifluoroacetic acid,
formic acid, ethyl acetate, acetonitrile, ethanol, methanol, and deuterated methanol were
of analytical grade from Merck VWR (Leuven, Belgium). Diphenyl borate aminoethanol
(DPBAE); polyethylene glycol 400 (PEG); 2,2-Diphenyl-1-picrylhydrazyl (DPPH); 2,2 azino-
bis(3-ethylbenzothiazoline)-6-sulfonic acid (ABTS); Amplex Red; sodium nitrite; sodium
persulfate; hydrogen peroxide; rutin; and metabisulfite were all purchased from Sigma-
Aldrich (Steinheim, Germany). Bovine serum albumin (BSA) was obtained from Roche
Diagnostics Gmbh (Mannheim, Germany), and human myeloperoxidase (MPO) was pur-
chased from Calbiochem Millipore (Bellirica, Madison, WI, USA).

3.2. Methods
3.2.1. Preparation of Dry Aqueous Extracts

Due to quality assurance reasons for future experiments and traceability, it was impor-
tant to ensure the identity of the raw material and its origin, as well. For these reasons, we
collected fresh, young leaves of H. tiliaceus with the help of an experimented botanist of the
Faculty of Sciences Herbarium (University of Kisangani).

The leaves of H. tiliaceus were immediately dried at room temperature in the laboratory
of the Faculty of Medicine and Pharmacy at the University of Kisangani and ground to
a powder using a ZM 200 ultra centrifugal electric grinder (Resch, France), then sieved
through a 10 mesh sieve (2 mm of diameter). The resulting powders were packed in
plastic vials, hermetically sealed, and sent to the University of Liège for splitting and
characterization at the Pharmacognosy Laboratory (LPG) and biological testing at the
Oxygen Center for Research and Development (CORD).

Aqueous extracts were prepared by adding 5 g of the powder to 100 mL of ultrapure
water, then boiled at 100 ◦C on a hot plate for 15 min. The resulting solution was then
filtered through glass wool and freeze-dried for 48 h.
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3.2.2. Separation by Column Chromatography

Qualitative HPLC analyses were performed on an HPLC-UV/DAD Agilent 6210 Infin-
ity chromatograph equipped with a Hypersil column (250 mm × 4.6 mm i.d.), containing
the ODS stationary phase (C18, 5 µm 100 Å), and an autosampler using a DAD detector set
at 220 nm, 254 nm, 280 nm, and 350 nm. The flow was set to 1 mL/min, with an injection
volume of 10 µL, using a gradient of acetonitrile (A) and ultrapure water + trifluoroacetic
acid 0.05% (B): 0 min, 0:100 (A:B); 1 min, 3:97 (A:B); 45 min, 40:60 (A:B); 55 min, 40:60 (A:B);
56 min, 60:40 (A:B); 66 min, 60:40 (A:B); 67 min, 00:100 (A:B); 82 min, 00:100 (A:B) run–stop.

Preparative HPLC analyses were performed on a Varian chromatograph equipped
with a Hypersil column (2.5 × 30 cm i.d.), containing the ODS stationary phase
(C18, 12–15 µm 100 Å). The flow was set to 30 mL/min, with an injection volume of 10 mL.

3.2.3. TLC Chromatography of Fractions

The fractions obtained were tested by TLC and HPLC-UV/DAD in order to evaluate
their purity and select those to be analyzed by UPLC-QDa and NMR.

The HPLC-UV/DAD analysis was conducted as described above, while the TLC was
performed on a G254 silica gel plate as the stationary phase and a mobile phase composed
of a mixture of ethyl acetate, formic acid, acetic acid, and water (100:11:11:26 v/v/v/v). The
resultant solution was created using Neu’s reagent.

3.2.4. Analyses of Fractions Using LC-MS

The isolated fractions were analyzed by UPLC-QDa (Quadripole) from Waters
(Antwerp, Belgium), and the compartments were Sample Manager FTN (SN M19FTP099G
(Ver 1.71.395)), Quaternary Solvent Manager (SN A20QSP242A (Ver 1.72.415)) column
compartment, QDa mass spectrometer (SN KBD5552 (Ver V), and PDA detector (SN
C20UPD080A (Ver 1.70.63.67). The samples were prepared at 1 mg/mL in methanol of
UPLC grade.The system was washed with 50:50 and 10:90 v/v mixtures of acetonitrile and
water. Moreover, at the end of analyses, the column PFP (150 × 4.6 mm, 100 Å, 5 µm) was
rinsed with a mixture of 65% methanol and 35% water for 1 h at a flow rate of 0.2 µL/min.
The cone voltage was 30 V. The source and probe temperatures were set at 120 ◦C and 74 ◦C,
respectively. The operating condition was as follows: run time of 32.5 min at a flow of
0.3 mL/min. The injection was 5 µL, and the mobile phase was composed of water + formic
acid 0.1% and acetonitrile.

3.2.5. Analyses of Fraction Using NMR

These analyses were performed in a Bruker Avance Neo 500 MHz spectrometer
(Boston, MA, USA), equipped with a cryoprobe. The fractions were dissolved in deuterated
methanol to achieve 30 mg/mL and put in NMR tubes (Cortec Net, Les Ulis, France).
The 13C, DEPT-90, and DEPT-135 spectra were acquired with 6144 scan, and standard
Bruker parameters were applied. The NMR spectra were displayed and interpreted using
MestReNova software (version 15.0.1).

3.2.6. Biological Activities Tests
Antisickling Activity

This test was assessed using the Emmel test, as described by Souleyman et al. [57],
with slight modifications.

1. Treatment of sickle cell blood: Mix 500 µL of fresh blood with 500 µL of 2% sodium
metabisulfite freshly prepared. Dilute the mixture obtained twice by adding 1000 µL
of 0.9% NaCl.
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2. Preparation of the samples to be tested: Dissolve 50 mg of extract in 5 mL of methanol
18%. From the latter, make several dilutions with 0.9% NaCl to obtain four different
concentrations to test: 12.5, 25, 50, and 100 µg/mL.

3. By means of Eppendorf tubes, mix 100 µL of diluted treated blood with 100 µL of
extract of the different concentrations.

4. Place 5 µL of the mixture obtained in step 3 on a slide, cover with a coverslip, and
observe under a 40-objective microscope for the morphological analysis of the ery-
throcytes on four different fields (n = 2). Methanol 18% was used as a negative control
and zinc oxide as a positive control.

The antisicking activity (AA) was expressed as follows:

AA = (P0 − P1)/P0 × 100 (1)

with P0 representing the mean of the control sickle cells and P1 representing the mean of
the sickle cells in the samples tested.

Antioxidant Activity

• ABTS Assay

This test is based on the change of the blue–green color of the ABTS radical cation
(ABTS•+) solution into its colorless neutral form, as previously described by Re et al. [58].
Briefly, the assay was performed by following two steps:

(a) Generation of ABTS•+ radicals: Separately prepare aqueous stock solutions of ABTS
(7 mM) and sodium persulfate (2.45 mM), respectively. Mix and incubate in the
dark for 12 to 16 h. Dilute the resulting solution in absolute methanol to adjust the
absorbance to reach the value of 0.70 ± 0.02 at 734 nm, at 25 ◦C.

(b) Assay of antioxidant effect: Perform the analysis in triplicate using a microplate
reader (Thermo Lab System, Vantaa, Finland). For each measurement, fill the well
with 2 µL of the test compound solution and complete with 198 µL of ABTS•+ solution
to reach a final volume of 200 µL; incubate for 30 min. Evaluate the absorbance of
different solutions at 740 nm using a microplate reader (Thermo Lab system, Vantaa,
Finland). For the controls, methanol and rutin were used as a negative control and
a positive control, respectively. Determine the reducing capacity according to the
following formula:

%inhibition = (A control − A sample) × 100/A control

with A representing absorbance.

• DPPH Assay

Following the method described by Brand Williams et al. [59], the DPPH assay was
conducted in this way:

(a) Generation of DPPH• radicals: Dissolve 3.2 mg of DPPH radical by stirring for
60 min in 100 mL absolute methanol to obtain a stock solution. Dilute the stock
solution in methanol until an absorbance of 0.650 ± 0.020 at 517 nm is obtained.
Perform the assay in triplicate on a multi-well plate.

(b) Assay of antioxidant effect: Fill each well with 2 µL of the tested compound and
add 198 µL of the working DPPH• solution. Incubate the mixture for 30 min in a
dark place. In the presence of an antioxidant, the DPPH• radical is reduced to DPPH,
resulting in a color change from purple to yellow. To quantify the effect, the decrease
in absorbance at 510 nm was measured using a Multiskan Ascent 96 plate reader
(Thermo Lab System, Vantaa, Finland). Methanol and rutin were used as a negative
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control and a positive control, respectively. Calculate the inhibition percentage of the
DPPH• radical using the same equation as the ABTS assay.

Anti-Inflammatory Activities

According to the method described by Nyssen et al. [60], the following steps were
applied to perform both classical enzymatic and SIEFED (specific immuno-extraction
followed by enzymatic detection) assays to assess anti-myeloperoxidase activity.

(a) Preparation of the enzyme solution: Dilute 4 µL of human myeloperoxidase in 8 mL
of phosphate-buffered saline (20 mM PBS, pH 7.4), containing 5 g/L of BSA and 0.1%
Tween-20.

(b) Preparation of the tested samples: Prepare the sample solution from the stock, dilute
at final concentrations ranging from 2.5 to 10.0 µg/mL, and incubate for 10 min with
the buffered solution of MPO (5 mU/mL).

(c) Preparation of resultant solution (AR/H2O2/NO2-): This solution is composed of
Amplex Red (AR), hydrogen peroxide as a peroxidase substrate (10 µM), and sodium
nitrite (4.5 mM), prepared separately in a phosphate buffer at pH 7.4, except H2O2,
for which distilled water was used.

(d) MPO activity by classical assay: After incubation, measure the peroxidase activity by
adding 10 µL of the sodium nitrite solution (4.5 mM, final concentration) and 100 µL
of the reactional solution containing 10 µM hydrogen peroxide and 40 µM Amplex®

Red (AR) in phosphate buffer (50 mM) at pH 7.4 to each well (100 µL of the mixture) of
the tested compound or vehicle (ultrapure water) mixed with MPO into a transparent
multi-well plate. Monitor the oxidation of AR into the fluorescent resorufin adduct
(excitation = 544 nm; emission = 590 nm) for 30 min at 37 ◦C with a fluorescent plate
reader (Fluoroskan Ascent, Fisher Scientific, Hampton, NH, USA).

(e) MPO activity by SIEFED assay: Prepare samples with MPO and various concentra-
tions of selected extract and incubate like in the classical assay. Load a mixture of
100 µL of each solution (MPO alone or MPO + extract) into the wells of a SIEFED
microtiter plate (coated with rabbit polyclonal antibodies against human MPO and
incubated for 2 h at 37 ◦C in darkness). Wash the wells four times with washing
buffer, carefully dry the wells, and immediately measure the activity of the enzyme
captured by the antibodies the same as for the classical assay, by adding 10 µL
sodium nitrite solution (4.5 mM) and 100 µL of a reactional solution containing 10 µM
hydrogen peroxide and 40 µM Amplex® in phosphate buffer (50 mM) at pH 7.4. Mon-
itor the oxidation of AR into the fluorescent resorufin adduct (excitation = 544 nm;
emission = 590 nm) for 30 min at 37 ◦C with a fluorescent plate reader (Fluoroskan
Ascent, Fisher Scientific, Hampton, NH, USA). As for the MPO direct assay, a control
assay set as the relative value of MPO activity was performed with purified MPO
in the presence of PBS instead of the samples. For both MPO assays, calculate the
inhibition percentage using the following formula:

%inhibition = (Acontrol − Asample) × 100/Acontrol

with A representing absorbance.

3.2.7. Statistical Analysis

All the data were subjected to statistical analysis using GraphPad Prism 8.0.1 software,
developed by the company GraphPad. The values were reported as mean ± standard
deviation. Two-way ANOVA multiples comparisons test and Dunnett’s post-tests were
used to test the differences between the treatment groups. The results were considered
significant at p-values of less than 0.05, that is, at 95% confidence level.
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4. Conclusions
This study focused on SCD, classified by WHO—Africa as an NTD. Our goal was

to provide scientific evidence for the use of H. tiliaceus to fight against the SCD clinical
symptoms. Several analytical profiles, including the TLC profile of the aqueous extract,
which enabled the identification of rutin, were established. The LC-UV/DAD and LC-MS
analyses confirmed the presence of rutin and kaempferol 3-O-rutinoside. Rutin was further
validated using NMR. These analytical techniques were deemed valuable for different
purposes: TLC for preliminary field characterization, HPLC-UV/DAD for laboratory-level
confirmation, and LC-MS and NMR for advanced characterization.

H. tiliaceus aqueous extracts presented interesting and promising antisickling biological
activity with interesting RBC normalization. The interesting antioxidant effect observed
was due to the presence of rutin, while kaempferol 3-O-rutinoside had a pro-oxidant effect
at the concentration tested. The anti-inflammatory test was very satisfactory since the
percentage inhibitions with MPO and SIEFED were achieved at 2.5 µg/mL.

Our study provides relevant information on the ability of H. tiliaceus aqueous extracts
against SCD symptoms. To the best of our knowledge, it is the first time kaempferol
3-O-rutinoside’s antisickling effect has been confirmed.
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