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Abstract: Sickle cell anaemia induces an abnormal haemoglobin synthesis and reactive oxygen species.
The present work aims to determine the antioxidant and antisickling activities of Theobroma cocoa extracts
combination. Cocoa beans Extracts combinations of Santchou/Obala (CSOH), Bertoua/Mbalmayo (CMBH)
were prepared using water/ethanol mixture. The antioxidant capacity of extracts was determined by
measuring FRAP, DPPH® and ABTS®. The protective activity of extracts was estimated by evaluating some
oxidative stress parameters. Osmotic fragility resistance and antisickling properties of the combination were
investigated. CSOH and CMBH respectively revealed a high content of polyphenols, flavonoids. Extracts
scavenged DPPH° and ABTS® radicals, respectively with ICsp values between 4.07 pyg/mL and 13.15 pg/mL.
CMBH showed the best antisickling reduction activity (54.56% and 70.07% after 2h30 and 24h respectively).
The haemolysis percentage of erythrocytes decreased with an increase of the extract concentrations.
Extracts combinations decreased and increased respectively the MDA and GSH levels as well as
normalizing the enzymatic activities. Extracts combinations of cocoa have antioxidants and antisickling
properties and could be used as a potential agent against sickle cell anaemia.
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I. INTRODUCTION
Sickle cell aneamia (SCA) is an inherited disease caused by an abnormal synthesis of
haemoglobin, resulting from a substitution of valine for glutamic acid at the level of 8 chain
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structure genes on chromosome 11. This substitution leads to formation of haemoglobin S [1].
The main characteristic of haemoglobin S lies in its ability to polymerize under certain conditions
such as hypoxia. The time course of the polymerization-depolymerization cycles leads to the
modification of the physical characteristics of the red blood cell with a sickle-shaped appearance
which is the phenomenon of sickling [2]. This pathology is a "real machine" for the production of
reactive oxygen species due to the instability of haemoglobin S [3]. Sickle cell disease is the
most widespread genetic disease in the world affecting more than 50 million people [1]. Each
year, more than 500,000 sickle cell children are born worldwide, including 300,000 in Africa and
half of these children die in Africa before the age of five [4]. In Black Africa, the prevalence can
reach 1 birth out of 30 [1]. In Cameroon, according to WHO statistics in accordance with
national prevalence, 4000 children are born with sickle cell anaemia every year. All age groups
of population are affected and young people aged 10 to 29 represent 89.2% of patients.
Currently, Cameroon alone counts 2 million sickle cell patients count among the 50 million
recorded worldwide [5]. Several modes of care have been considered, with a view to relieving
patients and limiting seizures and complications. In addition, blood transfusion aims to correct
acute anaemia, but has many disadvantages such as alloimmunization, iron overload and
transfusion contaminations [4]; Allogenic bone marrow transplantation from donors offers the
possibility of hematopoietic cells replacement but a problem of compatibility and high cost
limited its utilization [6]. Hydroxyurea (HU), which reduces sickling and stimulates the induction
of Hb F, thus compensating for the poor functioning of Hb A, but has certain drawbacks that can
produce adverse effects on the body [7, 8]. The proposed therapies, in addition to being very
expensive for most African populations, have undesirable side effects. Therefore, the African
poor population and other countries around the world use medicinal plants to treat certain
diseases [9]. The interest in medicinal plants for the management of sickle cell anaemia has
grown in recent decades. Studies demonstrated the use of some medicinal plants for the
management of SCA through their anti-sickling activity in relation with their antioxidant activity.
Among them was Zanthoxyllum heitzii, which has anti-sickling properties and allows a better
membrane stability of erythrocytes [10]. Cajanuscajan and Adansonia digitata have anti-sickling
properties [11, 9]. In addition, recent studies indicate that the polyphenols, flavonoids and
nutrients contained in Theobroma cacao have a beneficial effect against oxidative stress and
associated diseases [8]. Recent studies showed that cocoa beans extracts in several areas of
Cameroon possess antioxidant and anti-sickling activities [12, 13]. However, studies on the
cocoa extract mixture from those regions are inexistentand it is well known in pharmacology that
therapeutic response could come from some positive drug interactions such as synergistic and
potentiating effects. In the present work, we report the results of in vitro study of the antioxidant
and anti-sickling properties of the combinations of beans extracts of Theobroma cacao from four
regions of Cameroon.

II. MATERIAL AND METHODS
1.1 Plant collection and authentification

Theobroma cacao beans were harvested in four towns in Cameroon: Santchou, Obala,
Mbalmayo, Bertoua in December 2016 and identified at the National Herbarium under the
reference number 60071/HNC where the voucher specimen was deposited there. Beans were
fermented and dried by specific methods according to each locality. Once dried, they were
sorted, pulped and crushed in a blender to obtain the cocoa powder. The obtained powder was
directly extracted.
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[1.2 Preparation of plant extracts and combination

The modified method of Benhammou [14] was used for the extraction. 195 g of the powdered of
cocoa beans were macerated in the mixture of ethanol-water (70v/30v) for 48 h at pH 3 by the
addition of a few drops of acetic acid. The mixture was stirred several times a day to maximize
extraction. After 48 h the mixture was filtered using wattman paper N®4 and 1, and then the
filtrate dried in an oven for 24 h at 45 °C. The same procedure was repeated with each cocoa
powder and the mixture. The combination of cocoa bean extracts were prepared by mixing the
same proportion 1:1 for two extract from different regions. A serial of concentration of extract of
extract were prepared (500, 1000 and 1500 ug / mL) using distilled water.

[1.3 Blood sample collection

The blood samples used in this study were obtained from homozygote SS patients between 10
and 28 years old, of the Central hospital of Yaoundé. The blood samples were collected in the
sodium EDTA tubes and stored for the experiment. A written informed consent was read and
signed by all the patients participating in the study. All the research procedures have received
the approval of Research Ethics for Human Health (CRERSH /Ce) under the reference number
00255/ CRERSHC / 2017.

[1.4 Determination of antioxidant activity of combinations of T. cocoa extracts by the
method of Ferric Reducing Antioxidant Power (FRAP).

This method measures the ability of samples to reduce iron at pH (3.6) in the presence of an
antioxidant. The FRAP reagent is a mixture of acetate buffer (300 mM, pH 3.6), TPTZ (10 mM)
and FeCl; (10 mM) in the proportion 10:1:1. 75 uL of plant extract of concentration 1mg/mL is
added to 1000 L of FRAP reagent. The mixture was homogenized and incubated for 12 min,
and then the absorbance read at 539 nm. Ascorbic acid concentration (100 ug / mL) was used
as the standard and the final results were expressed as mg equivalence of ascorbic acid per g
of dry matter (mg EAA / g MD); using the regression equation of the calibration curve [15].

I1.4.1 Determination of the scavenging activity of the DPPH radical of plant extracts

This method is based on measuring the ability of antioxidants to trap the 2,2-diphenyl-1-
picrylhydrazil (DPPH’) radical. To 03 mL of extract of a series of concentrations (0, 10,
15, 25, 75 and 100 pg / mL) was added 0.3 mL of (DPPH 0.1 mM) solution. The control
consists of 0.3 mL of the DPPH solution and 3 ml of distilled water. Ascorbic acid was
used as standard and prepared at the same concentration. After homogenization they
were incubated in the dark and at room temperature for 30 min. The absorbance was
measured at 517 nm against the blank [16]. The percentage of inhibition of the DPPH
radical by the extract was calculated according to the following formula:

% Inhibition = [ (DOcontrot = DO¢est) / Docontrol] x100

The I1Cs5p values were calculated from the graphs representing the variations of the
percentage of inhibition according to a function of the different concentrations.
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I1.4.2 Determination of free radical scavenging activity of 2,2'-azino-bis- [3-ethylbenz-
thiazolone-6-sulfonic acid] (ABTS)

By reacting with a strong oxidant such as potassium permanganate (KMnO4) or potassium
persulfate, ABTS forms the radical ABTS™, from blue to green. Adding an oxidant to this
mixture, will reduce the radical and cause discoloration. The ABTS™ stock solution consisted of
200 mL of ABTS (7 mM) and 200 mL of ammonium persulfate (2.45 mM). The reaction mixture
was incubated in the dark for 12 h at room temperature. To 40 yL of extracts at 6 different
concentrations (0, 25, 75, 100, 150 and 300 ug/mL) were added 2000 pL of the ABTS™ solution.
The control consisted of 40 pL of distilled water and 2000 uL of ABTS" solution. Ascorbic acid
was used as standard and prepared at the same concentration. After homogenization, the
whole was incubated at room temperature for 6 min. Absorbance was measured at 734 nm
against the blank [17]. The percentage inhibition of the ABTS radical using extracts was
calculated according to the following formula:

% =[(— tes)/ ol

The IC5q value will be defined as the concentration of the extract that causes the loss of 50% of
the ABTS activity.

II.5 Determination of anti-sickling activity of combinations of bean extracts of Theobroma
cocoa

[1.5.1 In Vitro Evaluation of Inhibitory Activity of Combinations of Theobroma cocoa
Beans Extracts on Sickle Cells

The evaluation of the anti-sickling activity of the Theobroma cacao extracts on the cells of red
blood cells (RBCs) is done according to the N'Draman-donou et al. (2015) [11] protocol, slightly
modified. We used a computing cell and performed the dilution at 1:250 blood/ physiological
saline.

11.5.2 Induction of sickling by the Emmel test

50 pL of washed SS blood previously diluted with physiological saline (1:250 blood/
physiological saline) and 50 pL of 2% sodium metabisulphite solution were mixed in an
eppendorf tube. 15uL of the mixture was placed on a computing cells covered by a cover slip
and observed under light microscope to determine the percentage of sickle cell.

11.5.3 Study of the anti-sickling activity of the extract

To 50 pL of washed SS blood previously diluted with physiological saline (1:250 blood/
physiological saline) was added 50 pL of each extract at different concentrations (500, 1000 and
1500 pg / mL) and 50 pL of sodium metabisulfite 2%. The microscopic observation of 15 pL of
this mixture was done under light microscope after 30 min, 1h, 1h30 min, 2 h and 2h30min. The
percentage of sickle cells has been obtained. A control group was performed in the same way
but the extract was replaced by phenylalanine (standard).

11.5.4 Osmotic fragility test of erythrocytes
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The osmotic fragility of the erythrocytes is based on the measurement of the stabilizing effect of
their membrane after 24 h of incubation with the extract. Cell lysis is determined by observing
the turbidity shift using spectrophotometric method at 540 nm. Briefly a serial concentration of
extracts (500, 1000, 2000 pg / mL) were diluted in NaCl (0.85%). In 800 pL of different NaCl
concentrations, were added respectively 200 uL of extracts and 10 ul of blood. After 24 hours of
incubation, the supernatant from the mixture was red at 540 nm against the blank made up of
NaCl [18] and the heamolysis expressed as follows:

Otest

100
DOcontrol

% Heamolysis =

I1.6 Evaluation of the protective properties of the plant against oxidative stress
11.6.1 Preparation of the liver homogenate

Liver, kidneys, and heart of 2 normal Wistar albino rats were isolated and then lodged in
phosphate buffer (0.1 M, pH 7). They were weighed and milled until a paste was obtained, then
homogenized in the same phosphate buffer. The organ homogenate of 10% (w / v) obtained
was centrifuged at 3000 rpm for 10 min. The supernatant was kept at — 20 °C until use.

11.6.2 Determination of total protein

The total protein was determined using Biuret method. Briefly 20 uL of each homogenate were
added 1000 L of the biuret reagent and incubated at room temperature for 30 min. The
standard protein (70 g/L) was used. The contents were homogenized and then absorbance was
obtained at 546 nm [19]. The concentrations of the samples were determined using the
following formula:

C =[DO test / DO standard] x n (standard concentration)

11.6.3 Preparation of the pro-oxidative solution

The pro-oxidative solution prepared consisted of mixing in an equimolar volume two solutions
R1 and R2. R1 containing 0.14 M iron trichloride (FeCls) in hydrogen chloride (1N) and 0.16 M
nitriloacetic disodium while R2 containing 0.2 M hydrogen peroxide (H,O,). The resulting
mixture was used as oxidant to determine the protective properties of the plant against oxidative
stress.

11.6.4 Determination of antioxidant parameters

An aliquot containing (0.58 mL of phosphate buffer, 200 uL of each extract or standard, 200 uL
of liver, heart or kidney homogenate) and 20 pL of oxidizing solution were introduced into
different tubes and the mixture obtained was then incubated for 1 h at 37 °C to form the test
solutions. Three other tubes were prepared under the same conditions to serve as normal,
negative and positive control; in these tubes the extracts were respectively replaced by the
extraction, solvent and quercetin. These test solutions and control were used to determine
enzymatic and non-enzymatic parameters such as malondialdehyde [20], reduced
glutathione [21]; catalase activity [22]; glutathione peroxidase activity (kit method: CAS
Number 7722-84-1, Sigma Aldrich) and superoxide dismutase (SOD) activity [23].
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11.6.5 Determination of the total polyphenols and flavonoids content

The total phenol content was assessed using Folin-Ciocalteu colorimetric method. Briefly to 0.1
mL of plant extract of concentration (1 mg/mL) was added 0.4 mL of the folin-Ciocalteu reagent
ten times diluted and 1 mL of sodium carbonate Na,CO; (7.5%). The mixture was homogenized
and incubated at room temperature in the dark for 2 h [24]. The absorbance was measured at
765 nm and the total polyphenol content was determined from the standard curve and was
expressed in mg equivalent of caffeic acid / g of extract (ECA / g E).

For the total flavonoids determination, the method Zhishen [25] was used.

To 500 pL of the extracts (100 pg/mL) were added 300 uL of distilled water and 30 uL of sodium
nitrite (5%) After incubating for 5 min at room temperature, 30 pL of aluminum trichloride (10%)
is added to the mixture. After 1 min of incubation at ambient temperature, 200 pL of sodium
hydroxide (1 mM) and 1000 pL of distilled water are added. The absorbance of the solution was
determined at 510 nm. A calibration curve was performed in parallel under the same operating
conditions using guercetin as a positive control. The total flavonoid content of the extracts was
determined using a standard curve and expressed in milligram (mg) standard equivalent / g dry
matter (mg ES / g E).

Statistical analysis

Results were expressed as mean + standard deviation and each experiment was performed in
triplicates. The Kruskal-Wallis test was used, followed by post-hoc Dunnett to analyze the
antioxidant potential and antiradical activity of each plant extract, in order to determine
significant differences (p<0.05). The Mixed Linear Effect Model helped to study the interactions
between factors (extracts, concentration and the repeated time factor) after data restructure.
The Spearman correlation enabled us to establish correlations between plant extracts and
various anti-radical methods. 1Cso were determined by the use of multiple regression analyzes.
The software SPSS version 16 for Windows 7 was used for statistical analysis.

lll. RESULTS

I11.1 Antioxidant activity of the T. Cacao extracts combinations
I11.1.1 Antioxidant potential of combinations of T. cacao extracts by Ferric Reducing
Antioxidant Power (FRAP) method

The total antioxidant capacity of the CMBH (Combination Mbalmayo + Bertoua) extract is
significantly higher (114.33 mg equivalent of ascorbic acid (MEAA)/g of extract) than that of
CSOH (Combination Santchou + Obala) which is 119.83 MEAA/g of extract.

I11.1.2 Radical scavenging potential of the T. Cacao extract combinations

Figure 1 shows the DPPH° and ABTS® scavenging activity. The inhibition is proportional to the
concentration of extract and is highest with quercetine followed by CMBH and CSOH extracts
(figure 1 A and B). In general, a significant difference (P <0.05) exists between quercetin and
extracts at each extract concentration. It also appears a slight increase of inhibition when
considering CMBH. The ICsq of the CSOH and CMBH combinations with DPPH°® are
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respectively 4.232 ug/mL and 4.072 pg/mL while that of ABTS are respectively 12.341 ug/mL
and 13.156 pg/mL.

I11.1.3 Protective properties of T. cocoa against oxidative stress

As far as figure 2 is concerned, it presents the enzymatic antioxidant potential (B, C, D, E) and
the lipid peroxidation status (A) as the protective effect of T. cacao extracts combinations on
studied organs (heart liver and kidney). It appears in general that the stress condition (Cpos or
oxidant) increased significantly (P < 0.05) MDA concentration in heart, liver and kidney
respectively (0.27+0.00, 0.29+0.00 and 0.39+0.00 pmol/L) compare to normal control
(0.22+0.00, 0.19+0.00 and 0.15+0.00 umol/L). These concentrations decreased significantly (P
< 0.05) after administration of Theobroma cacao extracts combinations in each studied organ.
The oppose observations have been made with Glutathion concentrations (figure 2 B). Relative
to enzymatic antioxidant potential (figure 2 C,D and E), it is well observed that positive control
group or oxidant group presented a significant lower (P < 0.05) activity of all enzymes and
organs compare to negative (normal) control. Equally, the extract combinations administration
reversed the situation by increasing each enzyme activity in each studied organ.

I11.1.4 Total content of polyphenols and flavonoids

The total polyphenol and flavonoid content of Mbalmayo + Bertoua cocoa extract are
respectively higher (289 + 2.00 and 4 % 0.2) significantly (P < 0.05) than that of Santchou +
Obala (274 = 5.1and 3.8 £ 0.1) (table 1).

I11.2 Evaluation of anti-sickling properties of T. Cacao extracts combinations
[11.2.1 Sickling induction rate with sodium metabisulfite 2%

After induction of sickling with 2% sodium metabisulphite, the sickling percentages increase and
vary with time and range from 7.5% to 77.77% depending on the blood samples; the maximum
being obtained at 2h30 min. The induction rate is between 28.2 and 70.27% for all blood
samples in the interval 30 min to 2h30 min.

111.2.2 Effect of combinations of the T. Cacao extract combinations on cell sickling after
2h30 min of induction

Figure 3 below revealed that phenylalanine and cocoa combinations reduce sickling for all blood
samples used with time and extract concentration dependent. In general, there is a significant
difference (P < 0.05) between control (positive control) and all combinations of extracts at
different concentrations. At each extract concentration, there is a significant decrease (P < 0.05)
of sickling percentage with salt concentration dependent. Also at each concentration of salt,
there are significant differences (P < 0.05) between control (positive control) and extracts when
considering each extract concentration.

The sickling induction rate obtained varied between 28.2% and 70.27% after 2h30 min of
induction with an average of 41.66%.

I11.2.3 Sickling reduction capacity of the T. Cacao extract combinations at different

concentrations after 30min, 2h30 and 24 h
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It appears that the sickling reduction percentage is proportional to the extract concentration and
time (figure 4). In fact, the highest percentages of reduction are obtained after 24 h for all the
extracts, phenylalanine having the best activity followed by the combination of Mbalmayo +
Bertoua at the concentration of 1000 ug/mL.

Combinations of extracts reduce the rate of sickling over the time. Overall, the better sickling
reduction was after 24 h at 1000 pg/ml of extract, the best combination being CMBH with a
70.07% sickling reduction percentage.

[11.2.4 Osmotic fragility test of erythrocytes

The percentage of haemolysis depending on the salt concentration and different concentrations
of extracts (figure 5). This percentage decreases with the increase of concentration of the
extracts (500, 1000 and 1500 ug/mL) and the increase of salt concentration for the different
blood samples tested. In addition, when fixing the extract concentration, each extract influenced
in decreasing significantly (P < 0.05) the haemolysis percentage with salt concentration
dependent. Moreover at each concentration of salt, there are some significant differences (P <
0.05) between control (positive control) and extracts at each extract concentration.

IV. DISCUSSION

Determination of total polyphenols and flavonoids showed that combinations of T. cacao are rich
in these compounds. Mbalmayo + Bertoua Combination possessed more of these compounds
than that of Santchou + Obala. The variability of polyphenol contents is due to the phenolic
composition of the extracts depending to some conditions such as season, climate and
temperature [26, 27].

Antioxidant tests revealed that combinations of T. cacao extracts presented a good total
antioxidant capacity and the studied extracts scavenged the DPPH° ABTSP? radical in a dose
dependent manner with an accent on CMBH . The inhibitory effect of these extracts may be
attributed to the presence of significant elevated levels of phenolic compounds found in T.
cacao extracts. In fact, phenolic compounds can complex metals and seize the free radical
chain of oxidation and form stable free radicals [28, 29].

A positive and significant correlation at P<0.05 between radical scavenging properties, FRAP,
and polyphenol, flavonoid content has been found; which could explain the relation between the
antioxidant activity of the extract combinations and their phenolic compound content. These
results corroborate those of Nanfack[10] who obtained a positive correlation between the
presence of polyphenols in Zanthoxyllum hetzii and their ability to reduce iron; also several
other works report that any plant having high contents in phenolic groups, would have a good
antioxidant activity [30, 31, 32, 33]. ICs, values of DPPH radical are between 4.232 and 4.072
pag/mL followed by that of ABTS® radical (between 12.341 and 13.156 ug/mL) with a best value
affected to CMBH. This implies that the most potent combination is CMBH which may be useful
for the treatment of the radical-related pathological damages such as SCA [34].

The protective effects of T. cacao extracts were investigated on some organ antioxidant
enzymes namely, SOD, catalase and peroxidases and non-enzyme (GHS and MDA). The
results obtained showed that the tested extracts protected efficiently these macromolecules and
then the studied organs against induced oxidative stress. The extracts, although acting less
than the standard (Quercetin) tend to protect our organs against oxidative stress, the
combination of Mbalmayo + Bertoua extract having a better aptitude than that of Santchou +
Obala. This activity could be attributed to the total phenol content found in that extract
combination. These results are in agreement with those obtained previously [32], which showed
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that the protective effect of ginger with respect to oxidative stress is positively associated with
the phenol content.

High oxidative stress in sickle cell patients is initially due to sickling of red blood cells, which is a
repeated process that can lead to multiple complications. The induction of sickling cells by 2%
metabisulphite on sickle red blood cells shows an increase in sickle cell size over time and
which vary from patient to patient. The sickling induction rate obtained varied between 28.2%
and 70.27% after 2h30 min of induction with an average of 41.66%. This result is similar to that
of Nguelewou [13], (2016) who obtained an induction rate of 41.5% after 24 h of induction with
nail polish. this result is lower than those of Nanfack [10], whose induction rate value was
52.08% after 2 h of 2% sodium metabisulphite induction and greater than that of Yembeau [13],
(2017) which obtained a value of 32.2% after 2 h of 2% sodium metabisulfite induction. The
variation in the sickling percentage after induction could be explained by genetic variability
related to patient polymorphism and environmental conditions [10]. Indeed, the variation of
induced sickling depends on the individual and his initial sickling rate.

Combinations of extracts reduce the rate of sickling over the time. Overall, the better sickling
reduction was after 24 h at 1000 pg/ml of extract, the best combination being CMBH with a
70.07% sickling reduction percentage. This action could be assign to phenolic compounds,
more precisely the flavonoids contained in our extracts. According to Seck [35], flavonoids are
involved in the inhibition of the deleterious effects of reactive oxygen species produced during
sickle cell disease. These results corroborate those of Egunyomi [36] having obtained 63.4%
inhibition with a mixture of 28 plants and Gbadamosi [8]having obtained 71.6% inhibition with a
mixture of 05 plants containing Theobroma cacao.

With regard to the osmotic fragility test of erythrocytes, results are extract and saline solution
concentration dependent. The decrease in the percentage of haemolysis observed is related to
the presence of phenolic compounds in extracts of T. cacao. Indeed, according to Ngbolua [37],
certain phenolic compounds would not only reduce the polymerization of HbS, but also stabilize
the erythrocyte membrane. These results are in agreement with those obtained by Nanfack [10]
on extracts of Zanthoxylum heitzii.

Compare to the previous works on individual cocoa source [12, 13], it appears that the
combination of cocoa gives better properties as antioxidant capacity for the red blood cell
protection as well as the reduction of cell sickling.

Table 1: Total polyphenol and flavonoid content of different combinations of T. cacao extracts.

Extracts Flavonoids content Polyphenol content
(mg Eq of caffeic acid/g of (mg Eq of Quercetin/g of extract)
extract)
CSOH 3,8+0,1 2746 £5,1
CMBH 4 +0,2° 289 + 2°

Independent T-test.The values affected with letters are significantly different at p<0.05. CSOH = Combination
Santchou + Obala, CMBH = Combination Mbalmayo + bertoua
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Figure 1: 2,2-diphenyl-1-picrylhydrazil (DPPH®) (A) and 2,2'-azino-bis-[3-ethylbenzo-thiazolone-6-sulfonic
acid] (ABTS) (B) scavenging activity of different extract combinations.
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Figure 2: Enzymatic and non enzymatic antioxidant potential as well as the lipid peroxidation status as
the protective effect of T. cacao extracts combinations on red blood cell membrane

kruskal-Wallis test was used, followed by a Dunnet post-hoc . CSOH = Combination Santchou + Obala.
CMBH = Combination Mbalmayo + bertoua. C.pos = Positive control (under stress without treatment).
C.norh = Normal control (no stress, no treatment). Quer = quercetin (Standard). MDA=
malonedialdehyde. SOD= superoxide dismustase. GPx= gluthation peroxidase. GSH= reduced gluthation
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Figure 3: Sickling percentage as a function of the different combinations of extracts and concentrations
as well as time

Mixed Linear Effect Model helped studying interactions between factors (extracts, concentrations and
repeated times) after data restructure. Kruskal-wallis and Dunnett when fixing factors. Control = Positive
Control (Blood without any treatment), PHE = Phenylalanine, CSOH = Combination santchou + obala,
CMBH = Combination mbalmayo + bertoua, INDi = initial induction rate, C1 = concentration 500ug / m,
C2 = concentration 1000 ug / ml, C3 = concentration 1500 ug / ml.
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Figure 4: Sickling Reduction rate of with combined cocoa extracts at different concentrations and time

Mixed Linear Effect Model helped studying interactions between factors (extracts, concentrations and
repeated times) after data restructure. Kruskal-wallis and Dunnett when fixing factors. Control = Positive
Control (Untreated Blood), PHE = phenylalanine (Standard), CSOH = Combination Santchou + Obala,
CMBH = Combination Mbalmayo + Bertoua, C1 = concentration 500ug / ml, C2 = concentration 1000ug /
ml, C3 = concentration 1500ug / ml
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Figure 5: Percentage of haemolysis at different saline solution and cacao combinations concentration

Mixed Linear Effect Model helped studying interactions between factors (extracts, concentrations and
repeated times) after data restructure. Kruskal-wallis and Dunnett when fixing factors. Control = Positive
Control (Untreated Blood), Phe = phenylalanine (Standard), CSOH = Combination Santchou + Obala,
CMBH = Combination Mbalmayo + Bertoua, C1 = concentration 500ug / ml, C2 = concentration 1000ug /
ml, C3 = concentration 1500ug / ml, HT = Total haemolysis.

V. CONCLUSION

The combinations of T. Cocoa extracts from Mbalmayo + Bertoua and Santchou + Obala
exhibits antioxidants, liver protection and antisickling activities, with an accent on the Mbalmayo
+ Bertoua combination. In order to complete this, further studies need to be done such as in
vivo study of the antioxidant and antisickling properties as well as the toxicity evaluation of the
best combinations of extracts of beans T. cocoa, for the better management of sickle cell
disease.

DECLARATIONS

Ethics approval and consent to participate

All the research procedures have received the approval of Research Ethics for Human Health at
the center (CRERSH/Ce) under the reference number 00255 / CRERSHC / 2017. A written
informed consent was read and signed by all the patients participating in the study.

Consent for publication
Not applicable
Availability of data and material: Data and material are available

© Authors, 2019 Algerian Journal of Natural Products (Online ISSN: 2353-0391), DOI: https://dx.doi.org/10.5281/zenodo.3549015
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License




Algerian Journal of Natural Products 7:2 (2019) 685-700 698

Competing interests: The authors declare that they have no competing interests.

Funding: This work do not received financial assistance from any funding agency in the
public, commercial or non-profit sectors.

Abbreviations: T. cocoa: Theobroma cacao, DPPH: 2,2-diphenyl-1-picrylhydrazil, ROS:
reactive oxygen species, RBC: Red blood cell, ABTS: 2,2'-azino-bis- [3-ethylbenzo-thiazolone-
6-sulfonic acid], FRAP: Ferric Reduction Antioxidant Power, Hb: Haemoglobin, MDA:
Malonedialdehyde, SCA: Sickle Cell Anaemia, GPX: glutathione peroxidase, GSH: reduced
glutathione, SOD: Superoxide dismutase, CMBH (extract Combination of Mbalmayo + Bertoua),
CSOH (extract Combination of Santchou + Obala), MEAA: mg equivalent of ascorbic acid,
Hydroxyurea (HU).

Author’s contributions

TF conducted the study and assays. JJT, YL, NNPJ, KFC assisted in conducting the assays.
BNPC designed the research, co-directed the research work as well as the statistical analysis
study. CB and helped explaining the importance of such research to patients. PCA co-directed
the research work and facilitated the contact between principal investigator and SCA patients.
All the authors read and approved the final manuscript.

Acknowledgements

The authors gratefully thank the staff of the haematology service of Yaoundé Central
Hospital and all the patients who accepted to provide their blood to conduct this stud as well as
Dr. LEKEUFACK Martin of the University of Dschang, who proofread this manuscript

REFERENCES

[1] ORPHANET. Encyclopédie Orphanet Grand Public. La Drépanocytose. Tiré de
www.orpha.net/data/patho/ Pub/fr/Drepanocytose-FRfrPub125v01.pdf. 2011; Consulté le
16 Avril 2017.

[2] Catonné Y.; Mukisimukasa M.; Rouvillain J.; Ribeyre D. Manifestations ostéo-articulaires
de la drépanocytose. Maitrise Orthopédique. 2004; pp. 135.

[3] Hebbel R.; Morgan W.; Eaton J. Accelerated autoxidation and heme loss due to instability
of sickle haemoglobin. Proceeding of the National Academy Sciences USA 85 (1988) 237-

241.

[4] Aubry P.; Galizére B. Hémoglobinoses actualité. Médecine
Tropicale. medecinetropicale.free.fr/cours/haemoglobinoses.pdf. 2014; Consulté le 16 Mai
2017.

[5] DREPAVIE. Intégrer le probléme de santé publique de la drépanocytose lors de I'EPU du
Cameroun.www.lib.ohchr.org/.../drepavieuprcmr2013drepavie.pdf. 2013; Consulté le 16
Avril 2017.

[6] Markus S.A.; Oliver S.; Ayse Hulya O.B.; Gabriele M.B. La drépanocytose en Suisse, 2e
partie: Mesures thérapeutiques et prophylactiques. Revue médicale Suisse 8(34) (2008)
606-608.

[71 Steinberg M. Pathophysiologically based drug treatment of sickle cell disease. Trends in
Pharmacological Sciences 27(4) (2006) 204-210.

[8] Gbadamosi I.; Adeyemi S.; Adeyemi A.; Moody J. In vitro antisickling activities of two
indigenous plant recipes in Ibadan. International Journal of Phytomedecines 4 (2012) 205-
211.

© Authors, 2019 Algerian Journal of Natural Products (Online ISSN: 2353-0391), DOI: https://dx.doi.org/10.5281/zenodo.3549015
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License



http://www.lib.ohchr.org/.../drepavieuprcmr2013drepavie.pdf.%202013

Algerian Journal of Natural Products 7:2 (2019) 685-700 699

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]
[21]

[22]

(23]

[24]

[25]

[26]

Mpiana P.; Misakabu F.; Tshibangu D.; Ngbolua K.; Mwanangombo D. Antisickling activity
and membrane stabilizing effect of anthocyanins extracts from Adansonia digitata L. barks
on sickle blood cells. International Blood Research & Reviews 2(5) (2014) 198-212.
Nanfack P.; Biapa N.; Pieme C.; Ama M.; Moukette B.; Ngogang Y. The in vitro
antisickling and antioxidant effects of aqueous extract Zanthoxyllum heitti on sickle cell
disorder. BMC Complement Alternative Medicine 13(162) (2013) 1-7.

N’draman-Donou E.; Fofié Y.; Adjambri E.; Mélédje M.F.; Sawadogo D. Caractérisation et
évaluation in vitro de I'effet antifalcémiant des graines de Cajanus cajan (Fabacées) sur
les drépanocytes a Abidjan-Cote d’ Ivoire. International Journal of Biological and Chemical
Sciences 9(5) (2015) 2300-2308.

Nguelewou F. Evaluation in vitro des effets antifalcémiants et antioxydants des extraits
hydro-éthanoliques de Theobroma cacao et du chocolat noir. Mémoire de Master
soutenue a I'Université de Dschang, 2016.

Yembeau L.N. Evaluation in vitro des propriétés antifalcémiantes et antioxydantes des
extraits hydro-éthanoliques de Theobroma cacao des régions de I'Est et du Sud du
Cameroun. Mémoire de Master soutenue a I'Université de Dschang , 2017.

Benhammou N.; Bekkara F.; Panovska T. Biological activities of the essential oil and
ethanolic extract of Inula viscosa from the Tlemcen region of Algeria. Advances in Food
Sciences 30 (3) (2008) 132-139.

Benzie |.; Strain J. The ferric reducing ability of plasma (FRAP) as a measure of
antioxidant power: the FRAP assay. Analytical Biochemistry 239 (1996) 70-76.

Molyneux P. The use of the stable free radical diphenylpicryl-hydrazyl (DPPH) for
estimating antioxidant activity. Songklanakarin Journal of Science and Technology 26 (2)
(2004) 212-2109.

Re R.; Pellegrini N.; Proteggente A.; Pannala A.; Yang M.; Rice-Evans C. Antioxidant
activity applying an improved ABTS radical cation decolorization assay. Free Radical
Biology and Medicine 26 (1999) 1231-1237.

Jaja S.I.; Kehinde M.O.; Ghenebitse S.; Mojiminyi A.l. Effect of vitamin C on arterial blood
pressure, irreversible sickled cells and osmotic fragility in sickle cell anaemia subjects.
Nigerian journal of physiological sciences16 (1-2) (2000) 14-18.

Gornall A.; Bardawill C.; David M. Determination of serum proteins by means of the biuret
reaction. Journal of Biological Chemistry 177(2) (1949) 751-766.

Wilbur K.; Bernheim F.; Shapiro O. Determination of lipid peroxidation. Archives of
Biochemistry and Biophysics 24 (1949) 305-310.

Ellman G. Tissue sulphydryl groups. Archives of Biochemistry and Biophysics 82 (1959)
70-77.

Sinha A. Colorimetric assay of catalase. Analytical Biochemistry 47 (1972) 389-394.

Misra H.; Fridovich |. The role of superoxyde dismutase anion in the oxydation of
epinephrine and a simple assay for superoxide dismutase. Journal of Biological Chemistry
247(10) (1972) 3170-3175.

Singleton V.; Orthofer R.; Lamuela R. Analysis of total and other oxidation substrates and
antioxidants by means of folin-ciocalteu reagent. Methods in Enzymology 299 (1999) 152-
178.

Zhishen J.; Mengcheng T.; Jianming W. The determination of flavonoid contents in
mulberry and their scavenging effects on superoxide radicals. Food Chemistry 64 (4)
(1999) 555— 559.

Luczkiewicz M.; Cisowski W.; Kaiser P.; Ochocki R.; Piotrowski A. Comparative analysis
of phenolic acids in mistletoe plants from various hosts. Acta poloniae pharmaceutica 58
(2001) 373-379.

© Authors, 2019 Algerian Journal of Natural Products (Online ISSN: 2353-0391), DOI: https://dx.doi.org/10.5281/zenodo.3549015

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License



https://www.ajol.info/index.php/ijbcs
https://www.ajol.info/index.php/ijbcs
https://www.sciencedirect.com/journal/analytical-biochemistry
http://rdo.psu.ac.th/sjstweb/
https://www.journals.elsevier.com/free-radical-biology-and-medicine/
https://www.journals.elsevier.com/free-radical-biology-and-medicine/
https://www.researchgate.net/journal/0794-859X_Nigerian_journal_of_physiological_sciences_official_publication_of_the_Physiological_Society_of_Nigeria
https://en.wikipedia.org/wiki/Journal_of_Biological_Chemistry
https://en.wikipedia.org/wiki/Arch_Biochem_Biophys
https://en.wikipedia.org/wiki/Arch_Biochem_Biophys
https://en.wikipedia.org/wiki/Arch_Biochem_Biophys
https://en.wikipedia.org/wiki/Journal_of_Biological_Chemistry
https://www.sciencedirect.com/bookseries/methods-in-enzymology
http://www.sciencedirect.com/science/journal/00766879/299/supp/C
https://www.researchgate.net/journal/0001-6837_Acta_poloniae_pharmaceutica

Algerian Journal of Natural Products 7:2 (2019) 685-700 700

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Vicas S.; Rugina D.; Sosaciu C. Antioxidant activities of Viscum album’s leaves from
various host trees. Bulletin of University of Agricultural Sciences and Veterinary Medicine
Cluj-Napoca 65 (2008) 327-332.

Thilagam E.; Kumarappan C.; Parimaladevi B.; Mandal S. Antioxidant Activity of Senna
surattensis leaves. International Journal of advances in Pharmacy, Biology and Chemistry
1 (2012) 454-460.

Bahorun T.; Luximon-Ramma A.; Crozier A.; Aruoma O. Total phenol, flavonoid,
proanthocyanidins and vitamin C levels and antioxidant activities of Mauritian vegetables.
Journal of the Science of Food and Agriculture 84 (2004) 1553-1561.

Adeolu A.; Florence O.; Anthony J.; Patrick J. Antioxidant activities and phenolic contents
of the methanol extracts of the stems of Acokanthera oppositifolia and Adenia
gummifera. BMC Complementary and Alternative Medicine 8 (2008) 1-7.

Bidié A.; N'Guessan B.; Yapo A.; N'Guessan J. ; Djaman A. Activités antioxydantes de dix
plantes médicinales de la pharmacopée ivoirienne. Sciences Nat 8 (1) (2011) 1-11.
Messaadia A. L’effet protecteur d’'un antioxydant naturel contre le stress oxydatif induit par
le nitrate d’'ammonium chez les rats. Thése en vue de l'obtention d’un Dipléme de
Doctorat 3éme Cycle, Université badjimokhtar — annaba, 2014.

Santos S.; Flores P.; Valadez B.; Fernandez R.; Martinez V.; Salas C. Polyphenolic
content, free radical scavenging activity and isolation of Tiliroside from Heliocarpus
terebinthinaceus (Tiliaceae) Seeds. Journal of Biological Sciences 14 (5): (2014) 376-
380.

Mukherjee S.; Pawar N.; Kulkarni O.; Nagarkar B.; Thopte S.; Bhujbal A.; et al. Evaluation
of free-radical quenching properties of standard Ayurvedic formulation Vayasthapana
rasayana. BMC Complementary and Alternative Medicine 11 (2011) 11:38.

Seck M.; Sall C.; Gueye P.; Seck I.; Dioum M.; Lembachar Z.; Gueye R.; Fall D.; Fall M.;
Dieye T. Etude de l'activité antifalcémiante d’extraits de racines de Leptadenia hastate
decne. (Asclepiadacae). International Journal of Biological and Chemical Sciences 9(3)
(2015) 1375-1383.

Egunyomi A.; Moody J.; Eletu O. Antisickling activities of two ethnomedicinal plant recipes
used for the management of sickle cell anaemia in lbadan, Nigeria. African Journal of
Biotechnology 8 (1) (2009) 020-025.

Ngbolua K. Evaluation de I'activité antidrepanocytaire et antipaludique de quelques taxons
végétaux de la RDC et de Madagascar. Thése de Doctorat, Université de Kinshasa, 2012.

© Authors, 2019 Algerian Journal of Natural Products (Online ISSN: 2353-0391), DOI: https://dx.doi.org/10.5281/zenodo.3549015

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License



https://onlinelibrary.wiley.com/journal/10970010
https://www.ajol.info/index.php/ijbcs
http://www.academicjournals.org/AJB/
http://www.academicjournals.org/AJB/

