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ABSTRACT 

Sickle cell disease is the first genetic disease in the world. Rhynchospora corymbosa and Olax 

subscorpioïdea are two plant species used in traditional management of sickle cell disease in the 

department of Korhogo. After a chemical study of the decocted and the aqueous extract of these two plants, 

their effect on the in vitro reversal of sickling of HbSS genotype erythrocytes, has been evaluated 

according to Emmel method. An abundance of alkaloids, tannins, saponins, polyterpenes and sterols was 

found in the decocted and aqueous extract of Rhynchospora corymbosa (DRC and MRC). As for the 

decocted and aqueous extract of Olax subscorpioïdea (DOSA and MOSA), polyphenols, leuco-

anthocyanins and flavonoids were found in addition to the chemical compounds identified in 

Rhynchospora corymbosa. At the concentration of 0.312 mg/mL DRC, MRC DOSA and MOSA have 

obtained the reversal rate of 75, 50, 80 and 80% respectively. All four extracts demonstrated activity on in 

vitro reversal of sickle cells. This activity could be caused by the presence of chemical groups that would 

be used in the treatment of several diseases because of their anti-oxidant and anti-inflammatory properties. 

Rhynchospora corymbosa and Olax subscorpioïdea are both an effect on the in vitro sickling reversal. 

Their use in the management of sickle cell disease in northern Côte d'Ivoire might be justified.  

Keywords: Rhynchospora corymbosa, Olax subscorpioïdea, Sickling reversal. 

 
INTRODUCTION 

Sickle cell disease is a hereditary disease with recessive transmission. It is due to a genetic mutation in 

chromosome 11 that leads to the synthesis and establishment of valine instead of glutamic acid in position 

6 of β globin chain [1, 2]. The resulting hemoglobin is called hemoglobin S (HbS). It is the most common 

genetic disease in the world, since the sickle cell gene is found in more than 50 million people, with the 

highest frequencies in Africa [3]. Clinically, heterozygous subjects express the disease very little or not at 

all [4]. On the other hand, the homozygous subject suffer from frequent vaso-occlusive crises, hemolytic 

anemia with sometimes complications such as acute chest syndrome, kidney disease, skin ulcers, 

retinopathy [5].  

Initially confined to malaria-endemic territories in Africa, South-East Asia and the Mediterranean basin, 

sickle cell disease has been spread to other regions due to population’s displacement, migratory flows to 

North America and Western Europe. Its distribution coincides with areas where there is high malaria 

prevalence or malaria’s history [6]. Each year, about 500,000 sickle cell children were born worldwide of 

which 200,000 in Africa. Half of all these children die in Africa before the age of 5 in the absence of 

adequate care [7]. Sickle cell disease is a public health problem for most sub-Saharan Africa countries. In 

Central and West Africa 20-40% of subjects carry the sickle cell trait [8]. In Côte d'Ivoire, 12% of the 

population carry hemoglobin "S" and sickle cell disease remains very pronounced in the infant-juvenile 

population affecting 16.25% of children under the age of four, 65.55% of children between the ages of 5 

and 14 and 18.19% of those over the age of 15 [9]. 

Several treatment options have been proposed to fight against sickle cell disease. All of these therapeutic 

approaches have side effects and are often inaccessible to low-income populations. These populations 

most often turn to medicinal plants to treat the ailments they suffer from. Numerous studies have been 

conducted to assess the safety and efficacy of plant species used in traditional medicine [8]. Some 

investigations have been carried out in Africa, to assess the antisickling activity of certain plant species [10, 

11, 12]. But very few studies have been done in Côte d'Ivoire [13]. This study aimed to assess the in vitro 

antisickling actvity of Rhynchospora corymbosa and Olax subscorpioïdea two medicinal plants used by 

traditional healers in the Department of Korhogo for the management of sickle cell disease. Because of 

that, the decocted and the aqueous extract of each plant were prepared, a chemical study to highlight the  
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secondary metabolites present in these extracts was carried out and to 

the effect of these extracts on in vitro reversal of sickle cells was 

evaluated. 

MATERIALS AND METHODS 

Conditioning and preparation of plant extracts  

The entire plant of Rhynchospora corymbosa, the leaves and stems of 

Olax subscorpioïdea were used. The plants were harvested in the 

department of Korhogo in northern Côte d'Ivoire from September 2 to 

5, 2019. The two plant species were identified with the planet 

application and then confirmed by the Agroforestry Agro-valuation 

Laboratory of the Jean Lorougnon Guédé University of Daloa 

(UJLoG).  

The plants were washed, cut and dried away from the sun at room 

temperature 250C for three weeks at the UJLoG Biochemistry 

Laboratory. They were then powdered using a Retsch sk 100 electric 

grinder.  

The maceration or aqueous extract was done according to the method 

of Zirihi [14]. One hundred grams (100g) of powder from each plant 

species were put separately in a liter of distilled water. The mixture was 

homogenized 10 times due to 2 minutes per turn using a Binatone brand 

blender. The resulting homogenate was wrung out in a square of white 

cotton fabric and filtered three times on hydrophilic cotton and once on 

Whatman (3mm) paper. The filter was evaporated at 500C using a 

venticle® type. The resulting powder was called MRC corresponding 

to Rhynchospora corymbosa and MOSA for Olax subscorpioïdea. The 

decoction was made using konkon method [15]. One hundred grams 

(100g) of powder from each plant species were put separately in a liter 

of distilled water and brought to a boil (1000C) for 10 minutes. The 

resulting mixture was wrung out in a square of white cotton fabric and 

filtered three times on hydrophilic cotton and once on whatman (3mm) 

paper. The filter was evaporated at 600C using a steamer. The resulting 

powder was called DRC corresponding to Rhynchospora corymbosa 

and DOSA for Olax subscorpioïdea. The extraction yield was 

calculated using the following formula:  

  

R: yield of the extraction; Mi: Initial mass; Mf: Final Mass 

CHEMICAL STUDY 

The chemical study of plant extracts was carried out using the technique 

by precipitation or coloring according to the methods described by 

Wagner and Bladt [16] and Békro [17].  

Alkaloids: It was carried out by precipitation reactions with 

Dragendorff and Bouchardat reagents. Alkaloids complex with heavy 

metals such as bismuth, iodine, mercury, tungsten and precipitate in the 

form of salt. Thus, they form an orange precipitate with Dragendorff's 

reagent and a reddish brown precipitate with Bouchardat's. Six (6) mL 

of MRC, MOSA, DRC and DOSA were evaporated dry in a porcelain 

capsule in the sand bath. The residue was diluted in 6 mL of alcohol at 

60 degrees. The resulting alcoholic solution was distributed in two test 

tubes. In the first tube two drops of Dragendorff reagent were added. 

The appearance of a precipitate or orange coloration indicated the 

presence of alkaloids. In the second tube, two drops of Bouchardat 

reagent were added. The appearance of a reddish brown coloration 

indicated the presence of alkaloids [16].  

Polyphenols: Polyphenols have been demonstrated by reaction to iron 

chloride. Phenols form with iron chloride (FeCl3), a blue-blackish or 

green colored precipitate. The assessment of this coloration was made 

in relation to a control test. At two (2) mL of MRC, MOSA, DRC and 

DOSA, a drop of aqueous solution of iron chloride (2%, v/v) was added. 

The appearance of more or less dark blue-blackish or green coloration 

reflected the presence of phenolic compounds [17]. 

Tannins: Stiasny's reagent has helped to highlight catechin tannins and 

gallic tannins. The cathechic tannins, in condensed form, were 

precipitated into large flakes by heating followed by cooling. The gallic 

tannins, which come in the form of hydrolysible heterosides, were 

hydrolyzed after the addition of sodium acetate, and then form a blue-

black precipitate in the presence of iron chloride [17].  

Catechic tannins: Five (5) mL of MRC, MOSA, DRC and DOSA were 

added to 15 mL of Stiasny reagent. The mixture was kept in a double 

boiler at 800C for 30 minutes and then cooled under water t. The 

observation of large flake precipitates characterized the catechic 

tannins.  

Gallic tannins: The solution containing the flakes was filtered on 

Whatman No. 4 filter paper and the collected filter was then saturated 

with sodium acetate. Three drops of iron chloride (2%, v/v) were added 

to the mixture. The appearance of an intense blue-black coloration 

indicated the presence of gallic tannins.  

Flavonoids: Flavonoids were highlighted by the so-called cyanidine 

reaction. In alcoholic solution, flavonic derivatives were colored 

variously according to their chemical structure. Thus, flavones gave an 

orange coloration, flavonols turned red and flavonones red-purple [17]. 

Two (2) mL of MRC, MOSA, DRC and DOSA were evaporated on a 

sand bath and the residue was taken back into 5 mL of diluted 

hydrochloric alcohol 2 times. By adding 2 to 3 magnesium shavings, 

there was a heat release, then a pink-orange or purple coloration. The 

addition of 3 drops of alcohol isoamylic intensifies this coloration 

which confirms the presence of flavonoids. An alcoholic quercetin 

solution was used to serve as a control.  

Saponosides: Saponosides were highlighted by the foam production 

test. In aqueous solution, saponosides have a very high foam index. 

They produce a large and persistent moss [17]. Ten (10) mL of MRC, 

MOSA, DRC and DOSA were put in a test tube and then sealed tightly 

using a capsule. After agitated energetically for 1min, the foam height 

was measured after 3 min of rest. The persistence of the moss at a height 

of 1 cm indicated the presence of saponosides. 

Polyterpenes and sterols: The search for sterols and polyterpenes was 

carried out by Libermann's reaction. Sterols and terpenes react with 

sulfuric acid in the presence of acetic anhydride to form a purple or 

purple colored complex, turning blue and then green. This analysis was 

done in comparison to the cholesterol that serves as a control [17]. Five 

(5) mL of MRC, MOSA, DRC and DOSA were dried under Rotavapor 

R-215 BUCHI rotary evaporator. The residue was hotly dissolved in 1 

mL of acetic anhydride and collected in a test tube. Along the tube, a 

volume of 0.5 mL of concentrated sulfuric acid was poured. The 

appearance of a purple or purple ring on the interphase, turning blue 

and then green, indicated the presence of polyterpenes and sterols.  

𝐑(%) =
𝐌𝐟

𝑴𝒊
× 𝟏𝟎𝟎 
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Leuco Anthocyanin: Two (2) mL of MRC, MOSA, DRC and DOSA 

were evaporated on sand bath. After cooling on mats, 5 mL of 

concentrated hydrochloric acid, 37% and 1 mL of isoamylic alcohol 

were added to the residue. The solution was heated in a double boiler 

at 800C for 30 minutes. The appearance of a cherry-red or purple 

coloration characterized the presence of anthocyanin leuco [16]. 

Free or combined quinones: Borntraeger's reagent helps to highlight 

free quinonic substances. For combined quinonic substances, prior 

hydrolysis (HCl at 1/5) [17]. The trial involved immediate hydrolysis of 

extract solutions by adding hydrochloric acid to 1/5 to characterize total 

quinonic substances. Two (2) mL of MRC, MOSA, DRC and DOSA 

were evaporated dry on sand bath. The residue was taken up in 5 ml of 

37% diluted hydrochloric acid at 1/5. The solution was then warned in 

a boiling water bath for 30 minutes. After cooling under a cold water, 

it was extracted by 20 mL of chloroform in a test tube. Half diluted 

ammonia (0.5 mL) was added to the chloroformic solution. A red or 

purple coloration indicated the presence of quinones.  

Sickling reversal test  

Collection and conditioning: Syringes and gloves were used to take 

blood samples from voluntary sickle cell patients selected at Cocody 

University Hospital center. SS genotype blood was confirmed by the 

electrophoresis method. In addition, the volunteers were not transfused 

for the two months prior to the blood test. The sample of the volunteers 

did not take into account age or gender. Also, consent was obtained 

from the volunteers. The blood was collected in EDTA tubes and stored 

at 4 degrees.  

Blood sample washing and falciformation induction: Emmel’s 

method was used [18] following the protocol described by Imaga et al. 

(2009) [19]. The blood sample was washed for five (5) minutes at 1,000 

turns using a Jouan B4i-branded centrifuge. This action has been 

repeated three (3) times in a row. Once the supernatant was removed 

with a Pasteur pipette, 1mL of washed red blood cells was suspended 

in 9 mL of NaCl 0.9% physiological water. In a hemolysis tube, 50 µL 

of a washed red blood cell solution was added to 50 µL of a 2% sodium 

meta bisulfite solution, to induce and accelerate sickling-formation. 

The hemolysis tube containing the mixture was sealed with paraffin to 

prevent air entry and then placed in a darkroom. At T0, a drop of the 

mixture was removed and deposited between slide and coverslip for 

observation at the HumaScope Advanced Vision. The same operation 

was performed at the time T30, T60, T90, and T120. The observations 

were made to assessing the morphology of the erythrocytes and 

quantifying the sickle cells. This series of measurements has been 

served as a negative control to the sickling reversal test at T0, T30, T60, 

T90, and T120. The experiment was conducted in a triplicate.  

Sickling reversal test: Six (6) solutions of MRC, MOSA, DRC and 

DOSA were prepared with physiological water at concentrations 

0.3125; 0,625; 1, 25; 2, 5; 5 and 10mg/mL. A series of tubes containing 

50 µL of a washed red blood cell solution and 50 µL of a 2% sodium 

meta bisulfitede solution were prepared and sealed with paraffin to 

prevent air entry, and then placed in a darkroom for 120 minutes. After 

this incubation time, 50 µL of each of the 6 different concentrations of 

MRC, MOSA, DRC and DOSA were added to one of the previously 

prepared tubes. Phenylalanine was used as a positive control during this 

experiment. Phenylalanine at concentrations of 0.3125; 0,625; 1, 25; 2, 

5; 5 and 10mg/mL was treated as the extracts. A total of 30 tubes, 24 

tests and 6 positive control tubes were prepared. One drop of each 

mixture was deposited between slide and coverslip for a morphological 

analysis of the erythrocytes and for a determination of the sickle cell 

rate, from the time of mixing and every 30 minutes up to 120 minutes. 

Corresponding to the times T0, T30, T60, T90, and T120. Pipettes, 

micropipettes, slide and coverslip were used for sampling and reading 

on a HumaScope Advanced Vision microscope linked to a tablet to 

determine the morphology and counting of cells in each drop analyzed. 

The results were evaluated as a percentage of residual sickle cells. In 

the negative control tube, the number of sickle cells increased over 

time; it was considered that the 100% rate corresponded to the number 

of sickle cells obtained at 120 minutes. In the test tubes, this number 

decreased over time so the rate of 100% corresponded to the number of 

sickle cells at the initial time T0. Sodium meta bisulfite was used to 

induce sickling-formation and phenylalanine has been served as a 

positive control. The evolution of the percentage of residual sickle cells 

over time was given by the following formula:  

 

RSR= Residual sickle cells Rate; Tx = 0; 30; 60; 90 and 120 minutes; 

T0 = initial time 

RESULTS AND DISCUSSION 

Yields of extracts: aqueous extraction and decoction were chosen 

because of their high use in the preparation of plant-based medicines in 

traditional environments. DRC and DOSA had a yield of 14.13% and 

13.40% respectively against a respective yield of MRC and MOSA of 

11.50% and 10.76%. The decoction of each plant had a higher yield 

than that of aqueousr extraction. The results of the work of Gnagne 

coincide with ours [20, 21]. These authors indicated that decoction at 

88.2% is the most requested method of preparation compared to 

aqueous extraction which is at 5.9%. Decoction could be the most 

active asset collection method compare to the aqueous extraction [22]. 

Chemical study of plant extracts: MRC and DRC extracts revealed 

an average presence of alkaloids and steroids. Catechic tannins and 

saponins had an abundant presence. Gallic tannins, polyphenols, 

flavonoids, anthocyanin leuco and quinones were absent in MRC and 

DRC. In contrast, MOSA and DOSA extracts revealed an average 

presence of all groups of chemical compounds studied except gallic 

tannins and quinones that were found to be absent (Table 1). 

Table 1: Chemical study results 

 Rhynchospora corymbosa Olax subscorpioidea 

Chemicals groups DRC MRC DOSA MOSA 

 

Alcaloïds 

Dragendorff  

 

+ + + + 

Bouchardat + + + + 

Polyphenols - - + + 

Tannins Catechids + + + + + + 

Gallics - - - - 

Flavonoïds - - + + 

RSR =
mean sickle cell disease at T0

mean sickle cell disease at Tx
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Saponines + + + + ++ ++ 

Polyterpenes and Stérols + + + + 

Leuco anthocyanins 

 

- - + + 

Quinones - - - - 

a) - Absence; b) + : Average presence; c)++ : Abundant presence; d) +++ : Very abundant 

presence 

Analysis of the results of the chemical study reveals the presence of 

alkaloids, catechins, poly terpenic sterols and saponins in DRC and 

MRC. In addition to these compounds, polyphenols, flavonoids and 

leuco-anthocyanins were found in DOSA and MOSA. 

These families of chemical compounds have been shown to exhibit 

biological activities. Indeed, cathechic tannins are phenolic compounds 

known for their antioxidant properties [23]. They could fight oxidative 

stress from self-oxidation of hemoglobin, which produces free radicals 

such as O2- oxide super anions [24]. These antioxidants could activate 

the immune defense and also protect the erythrocyte’s membrane from 

damage caused by oxidative stress [25]. Alkaloids, tannins, flavonoids, 

anthocyanins and leucoanthocyanes have antioxidant power. They 

promote tissue regeneration, decrease the permeability of blood 

capillaries and strengthen their resistance to hemolysis [26]. Polyphenols 

and their derivatives have been cited as having antisickling activity in 

various studies [27, 8, 19, 28]. Also, alkaloids have several biological 

properties [29] According to Badiaga, alkaloids are highly sought after 

for their wide spectrum of biological activities including antibiotic, 

antiparasitic, anaesthetic, and analgesic properties [26]. Anesthetic, 

analgesic and analgesic activities would be essential in the management 

of sickle cell disease during the pain that would cause; vaso-occlusive 

crises. Saponosides have antifungal, antibacterial and antiviral 

properties. These antimicrobial activities might be beneficial to sickle 

cell disease patient that is susceptible to infection. This family of 

molecules would also exhibit protective activities of veins and 

capillaries that are tested because of the abnormal adhesion of sickle 

cell red blood cells to endothelial cells [30]; finally, terpenoids and 

steroids are the largest known of secondary metabolites [31]. Steroids are 

secondary metabolites known for their analgesic properties [32, 33]. It 

should be noted that polyphenols, flavonoids, leuco anthocyanins and 

quinones were absent in DRC and MRC but present in DOSA and 

MOSA. These different groups of compounds would partly explain the 

antisickling effect sought by the use of these plant species by traditional 

practitioners 

In vitro effects of DRC, DOSA, MRC and MOSA on sickling 

reversal  

Morphological analysis and determination of the percentage of residual 

sickle cells versus the negative control were performed. After 120 

minutes all cells went from the normal rounded shape to the abnormal 

sickle shape. Hypoxia induced sickle shape to the erythrocytes HbSS.  

The results of the effect of MRC, DRC, DOSA and MOSA at 

concentrations between 0.3125 and 10 mg/mL, on the sickling reversal 

of induced sickling of HbSS erythrocytes were used to draw curves of 

residual sickle cell over time (Figures 1 and 2). Analysis of the results 

in the form of an activity curve generally shows that the MRC curves 

(0.3125 to 10mg/mL), DRC, MOSA and DOSA at 0.3125 mg/mL have 

a decreasing slope. The first thirty minutes, from 0 to 30 minutes, the 

slope of all curves is steep. From 30 minutes to 120 minutes, the slope 

of the different curves is more or less low. All curves follow the same 

pace as phenylalanine, which is the positive control. Indeed, no blood 

cells could be observed, following the treatment of erythrocytes washed 

by DRC, DOSA and MOSA, at concentrations between 0.625 and 

10mg/mL. Fields observed under a microscope showed a mass without 

a form. The red blood cells did not have a well-defined shape. 

Toxicological investigations would be required for concentrations 

between 0.625 and 10mg/mL of DRC, DOSA and MOSA to assess 

their safety. For the RCM with a concentration of 10 to 0.3125 mg/mL, 

the TDR was 15, 20, 30, 35, 45, 50% or a sickling reversal rate of 85, 

80, 70, 65, 55 and 50%, respectively. The TDR decreased as the RMC 

concentration increased from 0.3125 to 10mg/mL. RMC therefore has 

a dose dependent activity. In this study, all extracts had the ability to 

reverse the abnormal sickle form into a normal rounded form. MRC at 

10mg/mL had the best activity on the reversion of sickle cells, at 85%. 

But at equal concentration of 0.3125 mg/mL, the MOSA and DOSA 

extracts achieved a better sickling reversal rate compared to DRC with 

a sickling reversal rate of 75% and finally MRC that had a sickling 

reversal rate of 50%. Only MRC had a lower activity than 

phenylalanine the reference amino acid. 

Compared to the work of Ismaila [34] which obtained for C. cajan 

leaves, Z. zanthoxyloides leaves, C. cajan seeds, and C. papaya, a TDR 

between 32 and 47%, our results are better with a TDR between 20 and 

50%. These findings could be explained by the presence of groups of 

secondary metabolite families identified in the extracts. The presence 

of alkaloids, cathechic tannins, saponins, sterols and triterpenes, 

polyphenols, flavonoides leuco anthocyanins and quinones in the 4 

extracts could explain the ability of these two plant species to reverse 

the sickle cells, so that they return to their normal, rounded and 

biconcious form. 

As for the best performance, at the concentration of 0.3125mg/mL, of 

extracts of Olax subscorpioid compared to extracts of Rhynchospora 

corymbosa, it could find an explanation in the presence of polyphenols, 

flavonoids, leuco anthocyanins and quinones in DOSA and MOSA, 

while these molecules would be absent in DRC and MRC. 

 

Figure 1: In vitro effet on sickling reversal of DRC and MRC at (mg/mL) 

0,3125 
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Figure 2: In vitro effet on sickling reversal of DOSA and MOSA at (mg/mL 0, 

3125) 

 

Table 2: Sickling reversal rate as function of MRC, DRC, MOSA and DOSA’s concentrations  

 RSR SRR RSR SRR RSR SRR RSR SRR RSR SRR RSR SRR 

Extracts (mg/mL) 10  (mg/mL) 5 (mg/mL) 2,5 (mg/mL) 1,25 (mg/mL) 0,625 (mg/mL) 0,3125 

MRC 15% 85% 20% 80% 30% 70% 35% 65% 45% 55% 50% 50% 

DRC - - - - - - - - - - 25% 75% 

MOSA - - - - - - - - - - 20% 80% 

DOSA - - - - - - - - - - 20% 80% 

Légende: a) (-): absence of Cell. b) (%): percentage of sickling reversal; c) RSR: Residual sickle cells Rate; d) SRR: Sickling reversal rate 

CONCLUSION AND PERSPECTIVES 

The two extracts of Rhynchospora corymbosa and the two extracts of 

Olax subscorpioïdea were rich in various major chemical groups such 

as alkaloids, polyphenols, flavonoids, tannins, steroids and 

saponosides. These chemical groups would be used in the treatment of 

sickle cell disease due to their antioxidant, anti-inflammatory and 

analgesic properties. At equal concentration of 0.312 mg/mL, DRC, 

MRC, DOSA and MOSA achieved a sickling reversal activity of 75, 

50, 80 and 80% respectively. 

All four extracts demonstrated activity on the in vitro sickling reversal. 

The use of Rhynchospora corymbosa and Olax subscorpioïdea for the 

management of sickle cell disease in Korhogo department in northern 

Côte d'Ivoire would be justified. However, the extracts studied had 

excellent results at the 0.3125 mg/mL concentration, but appear to 

cause blood cell lysis at concentrations between 0.625 and 10 mg/mL. 

Following this study, it would be interesting to study the toxicity of 

these two plants, to identify and isolate the molecules responsible for 

the effect on the reversion of sickle cells. 
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