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Abstract 
Background: Sickle-cell anemia is a hereditary, disabling disease that remains 
a public health concern in many countries, with the prevalence of sickle-cell 
trait in Africa ranging from 10 to 40% depending on the region. This study 
aims to evaluate the effects of Terminalia avicennioides root bark extracts on 
several parameters involved in sickle cell disease. Method: Anti-radical activ-
ity was assessed in vitro using the ABTS radical cation method with spectro-
photometer analysis. Blood from individual with sickle cell disease (SS) was 
used to assess anti-sickling activity by the Emmel test, while normal blood was 
used to assess antihemolytic and cytotoxic activity respectively. Results: The 
results showed that CE had the highest anti-free radical activity with an IC50 = 
0.068 mg/mL while AqF with an IC50 of 0.074 mg/mL had an activity close to 
that of vitamin C (IC50 = 0.070 mg/mL), used as a reference. However, EAF 
showed the best anti-sickling activity with 38.68% and 13% of residual sickle 
cells for 2.5 mg/mL and 20 mg/mL respectively, whereas for the negative con-
trol, 85% of sickle cells were counted. Two extracts, CE and AqF, exhibited 
mor interesting anti-hemolytic activity than quercetin, with IC50 values of 
0.078 mg/mL and 0.082 mg/mL respectively, compared with 0.082 mg/mL for 
quercetin. Cytotoxicity results showed that all extracts induced leukocyte cell 
proliferation. The most active crude extract had a CP50 = 1.649, while arginine 
had a CP50 =0.005 at 48 h incubation. Conclusion: The bioactive polar com-
pounds contained in Terminalia avicennioides root powder extracts and frac-
tions make a significant contribution to enhancing the activities assessed. The 
results obtained show that the extracts present much more interesting activities 
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on certain parameters than the positive controls, thus confirming the tradi-
tional use of this plant in the management of sickle cell disease. 
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1. Introduction 

Sickle cell disease is a persistent, non-contagious congenital blood disorder. It en-
compasses a group of clinical syndromes that affect hemoglobin due to an abnor-
mal hemoglobin genetic code. This abnormal hemoglobin, which causes defor-
mation of the red blood cells, is inherited by children from their parents [1]. The 
main cause of sickle cell disease is a mutation in the gene responsible for hemo-
globin production, known as the beta-globin gene (HBB). This point mutation 
occurs in the sixth codon of the β globin gene on chromosome 11. It results in the 
replacement of glutamic acid by valine, producing an abnormal hemoglobin called 
hemoglobin S (HbS), which differs in structure from normal adult hemoglobin 
(HbA) [2]. This causes HbS to become stiff and sticky, resulting in deformation 
and a reduced ability to circulate in small blood vessels [3]. This sickle-shaped 
deformation of the red blood cell, known as falciformation, is the cause of several 
complications. 

The clinical manifestations of sickle cell disease are diverse, and can vary in 
severity from one individual to another. The characteristic symptom is recurrent 
episodes of intense pain, called vaso-occlusive crises, which result from the ob-
struction of blood flow in small vessels by sickle-shaped red blood cells. Fatigue, 
anemia and increased susceptibility to infection are also common symptoms of 
sickle cell disease [4]. Renal, ocular, splenic sequestration and osteonecrosis com-
plications have also been described in this disease [5]. 

Sickle cell disease is the most widespread genetic disorder in the world, with 
7.74 million people affected [6]. The African continent bears the heaviest burden, 
with over 90% of deaths in children under 5 [7]. According to recent data pub-
lished by Galadani et al., approximately 300,000 children are born with sickle cell 
disease worldwide every year [8]. Nearly 100,000 and 14,000 people suffer from 
the disease in the United States and the United Kingdom respectively [9] [10]. In 
Africa, sickle cell disease is a major public health problem, with the prevalence of 
sickle cell trait ranging from 10 to 40% depending on the region [11]. In the gen-
eral population, for example, it is over 40% in DR Congo and 15% in Senegal [12]. 

Several strategies have been put in place to manage sickle cell disease patients, 
including advice on lifestyle, blood transfusion, allografts, engineering therapy 
and chemotherapy [13] [14]. 

Regarding chemotherapy, hydroxyurea has been the drug of choice approved 
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since 1998 by the US FDA (Food and Drug Administration) for adults and re-
cently in 2017 for children with sickle cell disease [15]. Hydroxyurea acts, among 
other things, to increase fetal hemoglobin (HbF) production, stop hemoglobin 
falciformation, reduce the frequency of painful events and the need for blood 
transfusion in children under 5 years of age [16]. Three other drug treatments for 
sickle cell disease have recently been approved by the US FDA. They are: L-gluta-
mine (approved in 2017), required for the synthesis of glutathione, nicotinamide 
adenine dinucleotide and arginine. It helps to reduce the frequency of painful at-
tacks and may act as an antioxidant compound [17]. Crizanlizumab (approved in 
2019), this drug, administered by injection, can help reduce the frequency of pain-
ful attacks in adults and children over 16 by preventing blood cells from adhering 
to the inner walls of blood vessels [18]. Voxelotor (approved in 2019), is a first-
class allosteric modifier of HbS, increasing its affinity for oxygen. This drug is used 
to treat sickle cell disease in adults and children over the age of 12. Taken orally, 
it can reduce the risk of anemia and improve blood circulation throughout the 
body [19]. Other plant-based treatments, known as phytomedicines, which have 
obtained marketing authorization in certain other countries, are widely used in 
the management of sickle cell disease patients. These include Niprisan, Ciclavit 
and Fagara [6] [20] [21]. Traditional medicine, which essentially uses plants to 
treat illnesses, is becoming increasingly attractive, not only because of its accessi-
bility but also because of the lower cost of treatment. It is also a major source of 
new drugs. Today, according to some sources, 50% of the small molecules placed 
on the market́ for the treatment of cancers, and the most effective drugs for curing 
influenza or malaria, are still extracted or derived from plants [22]. 

It is in this context that we propose to explore the biological properties of the 
Terminalia avicennioides plant in the management of sickle cell disease. 

Terminalia avicennioides Guill & Perr (Combretaceae) grows as a 7 - 8 m shrub, 
often branched at the base, in the savannahs of Africa. In Senegal, it is irregularly 
disseminated in the various wooded savannahs from Casamance to the Senegal 
River. It is traditionally used to treat a number of pathologies. Scientific studies 
have demonstrated Terminalia avicennioides’ antibacterial, antifungal, antileish-
manial, antidiarrheal and antidiabetic properties [23]-[26]. 

The aim of this article is to investigate the anti-oxidant, anti-sickling, antihe-
molytic and cytotoxic properties of different polar extracts of Terminalia avicen-
nioides root in order to verify the relevance of its traditional use in the manage-
ment of sickle cell disease in Senegal. 

2. Materials and Methods 
2.1. Plant Material 

Terminalia avicennioides roots were harvested in the village of Keur Serigne Dia-
bel in the department of Koungheul (Senegal). After identification by the botani-
cal laboratory of Medicine, Pharmacy and Odontology at the Cheikh Anta Diop 
university in Dakar, the bark fibers detached from the root are dried in the dark 
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at room temperature for 10 days. The bark is then cut into small pieces using 
pruning shears, and pulverized using a grinder. The resulting powder is stored at 
room temperature until use.  

2.2. Biological Material 

The biological material used for the anti-sickling activity test is SS sickle cell blood. 
This blood is collected from patients of all sexes and ages who come to the Diam-
niadio Children’s Hospital biology laboratory for screening, after obtaining their 
consent. Samples are taken in EDTA tubes by venipuncture at the elbow. The 
identification of the type of sickle cell disease is first carried out by an Emmel test 
and then confirmed by electrophorese. 

For the antihemolytic activity test, normal blood samples were taken from 
healthy student volunteers in the laboratory. 

The cytotoxicity test was performed on red blood cell leukocytes from the same 
blood used for the anti-hemolytic test. 

3. Methodology 
3.1. Extraction and Fractionation 

A 70 g mass of Terminalia avicennioides root powder was macerated in an Erlen-
meyer flask containing 300 mL of hexane at room temperature for 72 hours with 
moderate agitation. After filtering with paper filter, the residue was taken up with 
200 mL methanol following the same procedure. The combined filtrates were then 
reduced to dryness using a Büchi rotary evaporator fitted with a Büchi vacuum 
pump. The resulting dry methanolic crude extract was dissolved in distilled water, 
then fractionated with dichloromethane and ethyl acetate respectively to extract 
compounds according to their polarity. The various extracts and fractions thus 
obtained were then evaporated to dryness, identified as CE (crude extract), EAF 
(ethyl acetate fraction), AqF (aqueous fraction) and stored at 4˚C until use. 

3.2. Anti-Free Radical Activity Test by ABTS Radical Scavenging 

Antioxidant activity against the ABTS cation radical was carried out according to 
the method described by Pellegrini et al. [27], with slight modifications.  

The ABTS solution (7 mM) was prepared in potassium persulfate (2.45 mM) 
and incubated for 12 to 16 hours in the dark at room temperature.  

A volume of 1500 µL of this solution with absorbance between 0.600 and 0.850 
nm was added to 50 µL of extract or standard (ascorbic acid) at different concen-
trations, and absorbance was measured at 734 nm after 10 min incubation in the 
dark. An ethanol control was used. Three readings were taken for each concen-
tration tested, and the percentage inhibition was calculated according to the fol-
lowing formula:  

 % 100.Ac AeInhibion X
Ac
−

=             (Equation 1) 

With Ac = absorbance control; Ae = absorbance extract. 
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3.3. Anti-Sickling Activity Test 

To study anti-sickling activity, Emmel tests was performed on blood from SS sub-
jects [28]. Followed by observation under a light microscope at 40 X magnification 
and a sickle cell count. 

A 100 μL volume of SS sickle cell blood is mixed in a tube with 100 μL of extract 
at different concentrations (20 mg/mL, 10 mg/mL, 5 mg/mL, and 2.5 mg/mL) then 
incubated for 1 hour at room temperature. After incubation, 100 μL of sodium 
metabisulfite solution (Na2S2O5) is added. A smear of this mixture is taken, fol-
lowed by morphological analysis under a light microscope and a sickle cell count 
at 40 X magnification. 

Sickle cell counting is performed on five fields. For each field, both normal red 
blood cells and sickle cells are counted. The ratio between the number of sickle 
cells and total red blood cells is used to determine the sickle cell content of each 
solution. 

       % 100.
     

Sicklecell countResidual sicklecell X
Total red blood cell

=     (Equation 2) 

3.4. Antihemolytic Activity Test 

The antihemolytic activity of Terminalia avicennioides root extracts was evaluated 
following the method described by Shabbir with minor modifications [29]. A vol-
ume of 0.5 mL of extract at different concentrations (0.125 mg/mL, 0.0625 mg/mL, 
0.03125 mg/mL, 0.015625 mg/mL, 0.0078125 mg/mL and 0.00390625 mg/mL), 
was mixed with 0.5 mL of red blood cell suspension, then incubated at room tem-
perature for 20 min. After incubation, 0.5 mL of hydrogen peroxide was added to 
the mixture for induction of oxidative degradation of membrane lipids. Similarly, 
a negative control was prepared with a similar volume of the mixture. A positive 
control consisting of quercetin was prepared under the same conditions. The mix-
tures thus obtained were centrifuged at 1000 G, for 10 min, and the anti-hemolytic 
activity was assessed spectrophotometrically at 540 nm. Percentage inhibition is 
calculated using the following formula. 

         % 100.
 

Acontrol AtestHemolysed red blood cell X
Acontrol

−
=  (Equation 3) 

With A = Absorbance. 

3.5. Cytotoxic Activity Test 

The cytotoxic activity of extracts was assessed on leukocytes obtained from eryth-
rocytes using the protocol written by Williams [30]. 

The CCK8 (cell counting Kit 8) calorimetric method proposed by Elabscience® 
was used to determine the activity of extracts on leukocytes. The principle consists 
in measuring the yellow-colored formazan obtained by reduction of CCK8 by lac-
tate dehydrogenase (LDH) released by living leukocytes. The amount of formazan 
released is proportional to the increase in leukocyte proliferation. Concretely, 100 
µL of cell suspension (5000 leukocytes) are deposited in the wells of a 96-well plate. 
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A volume of 10 µL of extract at different concentrations (0.05 to 3 mg/mL) was 
then added to each well. Arginine was used as the positive control. The negative 
control was prepared under the same conditions, replacing the extracts with phys-
iological water. The plate was then pre-incubated for 24, 48 or 72 h in a 5% CO2 
incubator at 37˚C. A 10 µL solution of CCK8 is added to each well before re-incu-
bating the plate for 3 hours. Absorbances were measured using an Elisa reader at 
450 nm. Cell proliferation rates were calculated using the following formula. 

        % 100.
 

Aextract Anegatif controlCell proliferation X
Aextract
−

=  (Equation 4) 

With A = Absorbance. 

4. Results 
4.1. Antioxidant Activity by Reduction of the ABTS Cation Radical 

The results of the anti-radical activity of extracts and ascorbic acid at different 
concentrations, expressed as IC50, are calculated from the linear regression equa-
tions obtained from the graph of percentage inhibition of the ABTS radical as a 
function of concentration. Table 1 below shows the IC50 values obtained with ex-
tracts and vitamin C.  
 
Table 1. IC50 values for extracts and vitamin C. 

Extracts CE AqF EAF Vit C 

IC50 (mg/mL) 0.068 ± 0.002 0.074 ± 0.003 0.139 ± 0.006 0.070 ± 0.009 

4.2. Anti-Sickling Activity 

Figure 1 shows optical micrographs of sickle cells from the negative control (a) 
and AEF (b). The percentage of sickle cells is shown in Figure 2. 
 

 
Figure 1. Optical micrograph of sickle cells from control (a) and F. AE (b). 

 
Figure 1 demonstrates that in hypoxic conditions (left fig), red blood cells adopt 

a sickle shape, confirming the SS nature of the blood samples (control). When 
sickle erythrocytes are mixed with ethyl EAF (right fig) in the indication condition 
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of the investigation, the majority of the red blood cells have a normal morphology 
showing the inhibition activity of the EAF. 

The results of the sickle cell count of the extracts after Emmel’s test are shown 
in Figure 2 below. The sickle cell count of the negative control is higher than those 
obtained with the extracts. The anti-sickling effect of the EAF with 13% of residual 
sickle cells is slightly more significant than those obtained with the other extracts 
at 20 mg/mL. Indeed with the CE, AQF the residual sickle cells are respectively 
17% and 20% at the same concentration. With the concentration of 2.5 mg/mL, 
the EAF and the CE have almost the same activity with respectively 38% and 37% 
of residual sickle cells found. 
 

 

Figure 2. Percentage of residual sickle cell after treatment.  

4.3. Anti-Hemolytic Activity 

The results of the anti-hemolytic activity test obtained with extracts and quercetin 
as a function of concentration are shown in Figure 3 below: 
 

 

Figure 3. Anti-hemolytic activity of extracts and quercetin. 

https://doi.org/10.4236/ojmc.2025.152002


C. Sall et al. 
 

 

DOI: 10.4236/ojmc.2025.152002 26 Open Journal of Medicinal Chemistry 
 

The IC50 values for extracts and quercetin obtained from the linear regression 
equations in Figure 3 are given in Table 2 below. 

 
Table 2. IC50 values for extracts and quercetin. 

Extracts CE AqF EAF Quercetin 

IC50 (mg/mL) 0.078 ± 0.003 0.050 ± 0.001 0.100 ± 0.002 0.082 ± 0.001 

4.4. Cytotoxic Activity of Extracts 

The results of the cytotoxic activity of Terminalia avicennioides extracts on leu-
kocytes showed that the extracts are not cytotoxic and induced leukocyte prolif-
eration within 48 h. The same trend was observed for arginine used as a positive 
control. After 72 h of incubation, a decrease in proliferation was observed for all 
extracts and arginine, materialized by a slight increase in CP50 as shown in Table 
3 below. 
 
Table 3. Proliferation concentration at 50%. 

Incubation time CE AqF EAF Arginine 

24 H 1.846 ± 0.015 1.846 ± 0.026 1.846 ± 0.046 0.017 ± 0.003 

48 H 1.649 ± 0.010 1.759 ± 0.012 1.785 ± 0.062 0.005 ± 0.001 

72 H 2.126 ± 0.061 3.995 ± 0.083 2.673 ± 0.014 0.008 ± 0.000 

5. Discussion 

The antioxidant activity of Terminalia avicennioides root bark powder extracts 
and fractions was measured spectrophotometrically at 734 nm in vitro, using the 
ABTS cation radical trapping technique. The extracts and polar fractions were all 
found to be active in ABTS inhibition, with IC50 values ranging from 0.118 to 0.225 
mg/mL, compared with 0.145 mg/mL for vitamin C. The more active crude extract 
can be explained by a synergistic effect of the various polar compounds contained 
in the root barks of this plant. This significant inhibition is dose-dependent. 

The work of Amou et al. has shown the presence of phenolic compounds, tan-
nins, alkaloids and flavonoids, among others, in Terminalia avicennioides roots 
[31]. 

A significant relationship has been shown between the presence of polyphenolic 
and alkaloid compounds and anti-free radical and anti-inflammatory activity [32] 
[33]. The work of Maturin et al. showed an IC50 of 0.016 mg/mL for the methanolic 
extract of terminalia avicennioides roots against 0.024 mg/mL for ascorbic acid 
using the DPPH radical [34]. 

The ABTS cation radical is a good support for the study of antiradical activities, 
as it can be reduced by both proton and electron donors.  

Falciformation inhibition activity was assessed using SS sickle cell blood incu-
bated with the extracts for 1 hour before creating a hypoxic environment by add-
ing sodium metabisulfite. The results show that all extracts inhibit falciformation 
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in a dose-dependent manner. The ethyl acetate fraction proved the most active, 
with residual sickle cell counts ranging from 38.68% to 13.67% at concentrations 
of 2.5 and 20 mg/mL respectively, while the negative control showed a sickle cell 
count of 85%. The second-ranked crude methanolic extract was slightly less active, 
with residual sickle cell counts ranging from 37.18% to 17.1% for concentrations 
of 2.5 and 20 mg/mL respectively. The high polarity of the methanolic extract, 
with its abundance of polar secondary metabolites, does not explain the lower ef-
fect compared with the ethyl acetate fraction. These results are similar to those 
described by Mohamed et al., where a dose-dependent effect was observed for the 
methanolic extract of Adansonia digitata, with a rate of non-sickle cells corre-
sponding to 98% for a concentration of 1 g/mL [35]. A hydroalcoholic extract of 
Ficus abutifolia leaf at 1.5 mg/mL produced a 73.15% reduction in the number of 
sickle cells at 10% [36].  

The antihemolytic activity of Terminalia avicennioides root bark was also eval-
uated in this study. Indeed, erythrocytes are particularly vulnerable to free radicals 
due to their polyunsaturated fatty acid-rich membrane and their association with 
hemoglobin [37]. 

In this study, hydrogen peroxide was used as a hemolysis inducer at 1/3 dilu-
tion. According to Shabbir et al., it induces 98% hemolysis [29]. 

The antihemolytic activity results shown in Figure 3 and Table 2 demonstrated 
that the extracts have antihemolytic activities. CE and AqF with IC50 of 0.07 and 
0.05 mg/mL respectively are more active than quercetin. Quercetin, with an IC50 
of 0.08 mg/mL, is a reference antihemolytic. It is also known for its antioxidant 
and anti-inflammatory activities. Indeed, reactive oxygen species can cause oxi-
dative damage to biological compounds such as proteins, lipids and DNA. Ac-
cording to the properties described above, quercetin can help prevent such dam-
age [38]. Comparing our results with those of another study carried out on meth-
anolic extracts of the leaves of two species of mangroves: Bruguiera gymnorrhiza 
and Heritiera littoralis [39], we found that Terminalia avicennioides extracts are 
far more active in inhibiting haemolysis than those of the leaves of these two man-
groves, which have respectively IC50 of 311.29 µg/mL and 526.90 µg/mL. The same 
observation was made with the work of James and Alewo [40] on Gymnema syl-
vestre leaves with an IC50 = 29.83 mg/mL. 

The extracts contain secondary metabolites such as flavonoids and polyphenols, 
which may be partly responsible for the anti-hemolytic effect observed. These 
phenolic compounds, particularly flavonoids, have been shown to neutralize or 
scavenge free radicals [41]. The study carried out by kumar et al. on Sorghum 
bicolor extracts shows that the ethyl acetate and aqueous extracts have respectively 
reversibility rate of 84% and 67%, corresponding to residual sickle cells of 16% 
and 33%. These results are very close to ours using the same solvents [42]. 

In addition, polyphenols act as chelators of transition metals such as Fe2+, re-
ducing the rate of the Fenton reaction. They are also effective in preventing hy-
droxyl radical-induced oxidation and blocking the penetration of H2O2 through 
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the red cell membrane, as well as the subsequent formation of free radicals [43] 
[44].  

The cytotoxic activity of the extracts measured on leukocytes using arginine as 
a positive control showed an identical evolution of their effects on leukocytes. Be-
tween 24 h and 48 h incubation, the proliferation concentration 50% (CP50) de-
creased for all extracts and arginine, showing an increase in leukocyte numbers. 
From 72 h, this concentration began to increase for all extracts and arginine tested, 
indicating a decrease in leukocyte proliferation. This may be linked to a longer 
exposure time of leukocytes to the drugs. However, the crude extract with a CP50 
equal to 2.126 mg/mL at 72 h of incubation proved to be the least toxic. The ethyl 
acetate fraction with a CP50 of 2.673 mg/mL has a cytotoxicity close to that of the 
aqueous fraction, while the arginine used as a reference has a CP50 of 0.08 mg/mL. 
The degree of bilateral correlation using SPSS software gives a p value < 0.05 thus 
showing good significance of the test. 

Arginine is an amino acid considered an essential dietary supplement, particu-
larly in certain circumstances in patients in a catabolic state or in the presence of 
an acute stress factor [45]. It contains a guanidine nitrogen group that binds to 
NO synthase and serves as a substrate for this enzyme in the production of nitric 
oxide (NO). The latter is a vasodilator that facilitates the circulation of red blood 
cells through the vessels [46].  

6. Conclusion 

The anti-sickle cell properties of Terminalia avicennioides root bark were investi-
gated in this study. Because of its multiple therapeutic effects, the root fibers of 
this plant are commonly used in the preparation of tea and other beverages in 
Senegal. The results obtained for the various parameters studied show that the 
polar extracts of Terminalia avicennioides roots are endowed with anti-hemolytic, 
antioxidant and anti-sickling properties. The cytotoxicity test shows that these ex-
tracts are not cytotoxic to leukocytes, but rather induce their proliferation. These 
very encouraging results are in places more interesting than the positive controls. 
However, a major challenge lies in preserving and protecting this plant, which is 
currently under heavy attack from traditional practitioners and the general public. 
Further pharmacological and toxicity studies on the plant’s secondary metabolites 
will be needed before a phytomedicine or nutritional supplement can be made 
available. 
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