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Abstract 
Sickle cell disease (SCD) is an autosomal recessive blood disorder 
characterized by red blood cells that assume an abnormal, rigid 
sickle shape under low-oxygen conditions. These sickle-shaped 
erythrocytes tend to lyse, aggregate, and obstruct small blood 
vessels, leading to major complications. The present study aims to 
investigate properties that may underlie the activity of 
Drepanoalphaâ, an antisickling herbal formulation developed in the 
Democratic Republic of Congo (DRC) for the prevention and 
symptomatic treatment of sickle cell disease crises. The 
Drepanoalpha® Ethanolic Extract (DEE) is a dry extract (drug-extract 
ratio, DER, 100/11) prepared from ethanol (96 %, v/v) percolation of 
a 1:1 mixture of 2 food plants, Justicia secunda Vahl and Moringa 
oleifera Lam. Sickling was classically measured by light microscopy 
on diluted washed erythrocytes obtained from homozygote 
patients; erythrocytes were treated with 2 % Na2S2O5 in the 
ÐÒÅÓÅÎÃÅ ÏÆ $%% ɉÓÕÓÐÅÎÓÉÏÎ ÉÎ ί ϼ .Á#ÌɊȟ ί ϼ .Á#Ì ɉÎÅÇÁÔÉÖÅ 
control) or disodium cromoglycate (DSCG, positive control). For all 
tested conditions, the sickle hemoglobin polymerization, the 
Fe2+/Fe3+ ratio, and the median corpuscular fragility were measured 
by spectrophotometry. The DEE reversed sickling by 89.1 %, 
comparable to DSCG (87.7 %; 60.3 µg/mL), inhibiting sickle cell 
hemoglobin polymerization of 77.8 % and 74.4 %, respectively. The 
Fe2+/Fe3+ ratio was improved by 18.0 % for DEE and 15.9 % for DSCG. 
The median corpuscular fragility values were 0.602, 0.714, and 0.732 
ÆÏÒ .Á#Ì ί ϼȟ $3#'ȟ ÁÎÄ $%%ȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 4ÈÅ ÍÅÁÓÕÒÅÄ ÉÎ ÖÉÔÒÏ 
parameters validate an effective antisickling effect of DEE and 
confirm the value of this improved traditional herbal formulation for 
the management of SCD. 
 

Keywords: antisickling activity; drepanoalpha®; erythrocytes; 
Fe2+/Fe3+ ratio; hemoglobin polymerization; sickle cell disease 

 
 
 
 
 
 
 
 
 

 

 
Data of article 

Received 
Reviewed 
Accepted 

: 
: 
: 

27 Aug 2022 
30 Dec 2022 
23 Feb 2023 

 
DOI 
10.18196/jfaps.v2i1.16000 
 
Type of article: 
Research 
 

 
* Corresponding author, e-mail: benjamin.gbolo@unikin.ac.cd 



Benjamin Z. Gbolo, Amandine Nachtergael, Damien S. T. Tshibangu,Nicole M. Misengabu,Nsabatien Victoire, Patrick 
B. Memvanga,et al | In Vitro Biological Activities of Drepanoalpha® Ethanolic Extract, A Justicia Secunda and Moringa 

Oleifera-Based Phytomedicine Proposed for The Symptomatic Treatment of Sickle Cell Disease 

65 

INTRODUCTION 
 

Sickle cell disease (SCD), or sickle cell 
anemia or drepanocytosis, is a genetic 
disease that affects hemoglobin and leads 
to the synthesis of hemoglobin S (HbS) 
instead of normal hemoglobin (HbA). In 
their oxygenated forms, the solubility of 
HbS decreases 50 times, resulting in its 
precipitation and intracellular 
polymerization, which modifies the 
structure of red blood cells that take a 
"sickle shape," which tend to lyse but also 
aggregate and obstruct small blood 
vessels, leading to major complications.1,2 
The disease is not only most prevalent in 
black people from Africa but is also 
prevalent around the Mediterranean and 
in India.3 It is estimated that more than 
300,000 babies are born worldwide each 
year with severe forms of this 
hemoglobinopathy.1,4,5 
 
Management of the disease is difficult in 
developing countries, particularly in the 
Democratic Republic of Congo (DRC), 
where, with some 25 % AS genotypes, 
nearly 2 % of the population is affected 
with SS genotypes.6 Indeed, poverty 
conjugates to the absence of a welfare 
system, with huge difficulties in meeting 
medical costs.5,7 As for many diseases, the 
relative costs of treatments and their 
associated adverse effects make the 
recourse to herbal medicines attractive or 
even essential, especially for rural 
populations.4,8 Effectively, an estimated 
80 % of the Sub-Saharan population uses 
traditional medicine for health care; some 
plants have already proven their 
effectiveness, and bioactive molecules 
have been identified.1,4,9,10 The growing 
interest and use of phytomedicines to 
treat sickle cell disease are also probably 
linked to the assumption that medicinal 
plants are "natural" and "safe". 4,11ɀ13 
 

In DRC, a vast bio-prospecting program 
has identified a hundred antisickling 
plants; based on an in vitro antisickling 
assay, the most active plants were 
developed in Drepanoalpha®, an improved 
traditional herbal formulation.1,5,14,15 The 
Drepanoalpha® powder is a mixture 1:1 
(w/w) of 2 edible plant leaves powder, 
Justicia secunda Vahl (Acanthaceae) and 
Moringa oleifera Lam.  
 
Justicia secunda, a native tropical 
herbaceous plant originating from South 
America, is nowadays grown in tropical or 
subtropical African countries. In the past, 
this plant was considered ornamental until 
locals discovered the medicinal properties 
of its leaves, notably for the treatment of 
anemia, hypertension16,17 and sickle cell 
disease.14,18 The phytochemical study of 
leaves from various J. secunda cultivars 
revealed the presence of polyphenols, 
including tannins, leucoanthocyanins, 
anthocyanins and, mainly, flavonoids.16 
The Moringa genus comprises 14 species, 
among which M. oleifera is sometimes 
designated as the "tree of life" or "miracle 
vegetable".  This tropical tree, native to the 
sub-Himalayan mountains, is widely 
distributed in tropical and sub-tropical 
areas, both dry and humid.19ɀ21 The leaves 
used for animal and human feeding, given 
their alleged richness in proteins, vitamins, 
b-carotene, and amino acids, are now 
considered a functional food.14,19,21ɀ25 A 
wide variety of medicinal uses have been 
attributed to M. oleifera's various organs 
for anti-inflammatory, anti-infectious, 
cardiovascular, gastrointestinal and 
hematological properties, including the 
management of sickle cell disease.14,19,21,24 
Phytochemical studies reported the 
highest level of phenolic compounds, 
mainly flavonoids, in M. oleifera leaves.26 
 
The originality of this study resides in the 
extraction that allowed to prepare of an 
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improved phytomedicine, easier to 
manage compared to traditional 
decoctions, and the combination of a 
series of anti-sickling tests (on cells and 
hemoglobin) to evaluate, in vitro, the 
effectiveness of this extract. 
 
The present study was carried out on a 
polar extract of the 2 plants mixture to 
investigate properties that may underlie 

the use of Drepanoalphaá in the 
prevention and symptomatic treatment of 
sickle cell disease crises. 
 
METHOD 
 
Chemicals and reagents  
All reagents were of analytical grade. 2-
aminoethyl diphenylborinate (97 %) and 
ÑÕÅÒÃÅÔÉÎ ÈÙÄÒÁÔÅ ɉЈ ίΫ ϻɊ ×ÅÒÅ ÐÕÒÃÈÁÓÅÄ 
from Sigma-Aldrich (Merck); 
polyethyleneglycol 400 (PEG 400) (for 
laboratory use), methanol (99 %), absolute 
eÔÈÁÎÏÌ ɉЈ ίίȢή ϻɊȟ ÍÅÔÈÙÌ ÅÔÈÙÌ ËÅÔÏÎÅ 
(GPR Reactapur), formic acid (98 %) and 
ethyl acetate (ACS reagent) were obtained 
from VWR Chemicals. A 10 g/L solution of 
diphenyl boric acid 2-amino ethyl ester 
(NP reagent) and a 50 g/L solution of PEG 
400 were prepared in methanol to detect 
polyphenols. 
 
Herbal material 
The Drepanoalpha® powder, a 1:1 (w/w) 
mixture of the leaves from 2 food plants, 
Justicia secunda Vahl (Herbarium MNHN-
P-P00719831) and Moringa oleifera Lam. 
(Herbarium MNHN-P-P05401821) has 
been provided by Research for Sustainable 
Development (RESUD, Kinshasa, DRC), 
approved by producer and distributor of 
the phytomedicine. 

Extraction 
The dry extract (drug-extract ratio, 
DER, 100/11) was obtained by percolating 
100 g of the herbal material mixture with 
1000 mL ethanol 96 % for 48 h and drying 
under vacuum at 40°C. The resulting 
Drepanoalpha® ethanolic extract (DEE) 

was stored at ° 4°C for a maximum of 3 
months. The leaves of J. secunda and M. 
oleifera were individually extracted 
similarly. 
 
High-performance thin-layer 
chromatography (HPTLC) 
HPTLC was performed according to the 
procedure of the European Pharmacopeia 
10,27 using Automatic TLC Sampler (ATS 
4), Automatic Developing Chamber 2 
(ADC 2), Derivatizer and TLC Visualizer 2 
(Camag, Muttenz, Switzerland). The 
systems were driven by the software 
visionCATS version 2.5. The HPTLC was 
performed on silica gel 60 F254 HPTLC 
plates (Merck, Germany); 2 µL of quercetin 
(1 mg/mL MetOH), 10 µL of DEE (30 
mg/mL MetOH) and 5 µL of J. secunda and 
M. oleifera (30 mg/mL MetOH) extracts 
were applied in 6-mm wide bands, the 
plates were activated on MgCl2 (~ 33 % RH) 
and the tank saturated for 20 min; the 
solvent system was ethyl acetate - 
methylethylketone - formic acid -water 
(60:30:5:5, V/V/V/V) and the plate was 
developed over a path of 60 mm (Fig.1). 
The plate was heated at 100 °C for 3 min, 
sprayed with 2 mL of the NP reagent 
(Derivatizer with green nozzle, level 3) and 
PEG (Derivatizer with blue nozzle, level 2), 
and photographed immediately after 
derivatization under UV365nm, using the 
Visualizer system. 
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Figure 1. HPTLC profile of the ethanolic extracts of Drepanoalpha® and its constituent plants.

Stationary phase: HPTLC plate (Silica gel 60 F254) 
Mobile phase: ethyl acetate - methylethylketone - formic acid - water (60:30:5:5, V/V/V/V);  
Detection: NP-PEG-400; 1% solution of 2-aminoethyl diphenylborinate in methanol, 
followed by 5% polyethylene glycol in ethanol; examination under UV365nm. 
Legend: Tracks: 1-Quercetin, 2-Justicia secunda, 3-Moringa oleifera, 4- Drepanoalpha®.
  
Blood samples  
Blood samples were left-overs of 
specimens sampled for the regular 
monitoring of known sickle cell disease 
homozygote patients attending the 
Ȱ#ÅÎÔÒÅ ÄÅ -ïÄÅÃÉÎÅ -ÉØÔÅ ÅÔ Äȭ!ÎïÍÉÅ 33ȱ 
(Kalamu district, Kinshasa, DRC) and the 
Ȱ(ĖÐÉÔÁÌ #ÉÖÉÌ -ÁÒÉÅ #ÕÒÉÅȱ (Charleroi, 
Belgium). None of these patients had 
experienced a recent transfusion with Hb 
AA blood. All antisickling experiments 
were carried out with blood freshly 
collected on citrate and stored at ± 4 °C for 
a maximum of 72 h. Red cell pellets, 
obtained by centrifugation (1500 g, 10 
min) of 0.5 mL of SS blood, were washed 
thrice with NaCl 9 ϼ , in a 1:10 (v/v) ratio, 
centrifuged (1500g, 10 min) and 
resuspended in 4 mL NaCl 9 ϼ . 
 

 
The study was conducted after receiving 
the approval of the ethical and scientific 
committee of the School of Public Health, 
Faculty of Medicine, University of 
Kinshasa, Kinshasa-DRC (Approval No.: 
ESP/CE/237/2019) and of the I.S.P.P.C. 
/-ΦΦή ÅÔÈÉÃÁÌ ÃÏÍÍÉÔÔÅÅ ÏÆ Ȱ#Ȣ(Ȣ5Ȣ 
#ÈÁÒÌÅÒÏÉȱȟ #ÈÁÒÌÅÒÏÉȟ "ÅÌÇÉÕÍ ɉ!ÐÐÒÏÖÁÌ 
No P19/55-23/10 CHRAU: UMONS CCB: 
B325201941714). 
 
In vitro antisickling activities 
 
Induction of sickling and inhibition of 
falciformation  
Samples of 950 µL of blood, obtained from 
homozygote patients, diluted 1:10 in 9 ϼ  
NaCl, were added with 10 µL of 

Drepanoalphaá Ethanolic Extract (DEE) 
(suspension in 9 ϼ  NaCl), 9 ϼ  NaCl 

   1                   2                  3                   4 
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(negative control) or disodium 
cromoglycate (DSCG, positive control) 
and homogenized. Upon adding 50 µL of 
2 % Na2S2O5 and homogenizing, 5 µL of 
samples were placed on a microscope 
slide, covered and smeared with clear 
varnish to isolate from oxygen and induce 
hypoxia and sickling. The sickled/normal 
erythrocyte ratios were measured in light 
microscopy at times 0 and 60 min on 
images of 5 different microscopic fields 
acquired with a digital camera (Olympus 
U-CMAD3): 

& Ϸ
32" 

42" 
ὼρππ 

Where F: Sickling Cell Rate; SRB: Sickled 
Red Blood Cell Count and TRB: Total Red 
Blood Cell Count. 
 
The proportion of sickle cell inhibition SI 
was calculated as follows (28): 

ὛὍ
Ὂ Ὂ

Ὂ
 ὼ ρππ 

Where SI is the percentage of sickling 
inhibition,  Ὂ is the % of sickling of the 
mixture [SS blood + Na2S2O5] (negative 
control) and Ὂ is the % of sickling of the 
mixture [SS blood + tested extract or 
compound + Na2S2O5]. 
 
For a test to be considered valid, the ratio 

TRB60 min/TRB0 min should be over 80 ° 5 % 
to control that only limited hemolysis has 
been induced by the tested extract or 
compound. 
 
The capacity of extracts to prevent, 
reverse or protect against falciformation 
To understand whether the tested extract 
or compound prevents or reverses 
falciformation, 3 procedures were 
assessed: a) A mixture of 950 µL diluted 
blood and 50 µL Na2S2O5 was incubated 
for 60 min in a closed vial, then added with 
ΧΦ В, ÏÆ $%%ȟ .Á#Ì ί ϼ ÏÒ $3#' ÁÎÄ 
homogenized; b) A mixture of 950 µL 
ÄÉÌÕÔÅÄ ÂÌÏÏÄ ÁÎÄ ΧΦ В, $%%ȟ .Á#Ì ί ϼ ÏÒ 

DSCG was incubated for 60 min in a closed 
vial, then added with 50 µL Na2S2O5 and 
homogenized; c) A mixture of 950 µL 
ÄÉÌÕÔÅÄ ÂÌÏÏÄȟ ΧΦ В, ÏÆ $%%ȟ .Á#Ì ί ϼ ÏÒ 
DSCG and 50 µL Na2S2O5 was incubated 
for 60 min in a closed vial. 
 
For the different procedures, the 
proportions of sickle cell inhibition were 
assessed as previously described. 
 
Determination of the Minimum 
Reversibility Concentrations (MRC)  
For the MRC determination, the 
proportions of sickle cell inhibition (= 
reversibility rate) were measured as 
described here above by varying the 
concentrations of DEE and DSCG (50 to 

250 mg/mL). For each concentration, the 
proportion of sickle cell inhibition (SI) was 
calculated as above to determine the rate 
of reversibility R as: 

Ὑ 
ὛὍ ὛὍ

ὛὍ
 ὼ ρππ 

Where R is the reversibility rate (%) and ὛὍ 
and ὛὍ are the proportions of sickling 
ÉÎÈÉÂÉÔÉÏÎ ÆÏÒ ÔÈÅ ÃÏÎÔÒÏÌ ɉ.Á#Ì ί ϼɊ ÁÎÄ 
the tested concentration, respectively. 
 
Dose-effect curves were obtained by 

fitting data to the equation Ù

ὃ  using the Origin 8.5 software 
(OriginLab, Northampton, MA, United 
States). 
 
Inhibition of sickle hemoglobin (HbS) 
polymerization  
According to the original method of (29), 
the HbSS polymerization was assessed at 
700 nm from the turbidity of a 
polymerizing mixture. 200 µL of a red cell 
pellet were hemolyzed by adding 400 µL 
of distilled water, incubated for 30 min in 
the presence or absence of the drug (400 
µL) and primed for polymerization by 
deoxygenating with 3000 µL of a 2 % 
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sodium metabisulphite solution. The 
optical densities were measured after 
centrifuging at 3500 rpm for 5 min. Their 
difference yields the measure of turbidity. 
The rate of polymerization inhibition was 
estimated by the tangent of the graph 
"absorbance versus time". The relative 
polymerization and relative inhibition 
were determined concerning the control 
(24) as 

Ὑ
ὕὈ ὕὈ

ὸ
 

Where Ὑ  = rate of polymerization, ὕὈ = 

Optical Density at time t, ὕὈ= initial 
Optical Density, t=time 
 
Determination of erythrocyte membrane 
stability  
The osmotic fragility of erythrocytes 
allows the measurement of eventual 
membrane-stabilizing effects by a 60 min 
incubation in osmotic stress conditions. 10 
µL of a red cell pellet were diluted in 1990 
µL of a series of buffered hypotonic saline 
solutions at different concentrations (0.2 - 
0.8 % NaCl), added with 10 µL of DEE, 
$3#'ȟ ÏÒ .Á#Ì ί ϼ ÁÎÄ ÈÏÍÏÇÅÎÉÚÅÄȢ 
The effect of the different extracts on 
hemolysis was observed in light 
microscopy with a digital camera 
(Olympus U-CMAD3). Total cells were 
counted from 5 different fields across each 
slide at 0 and 60 min. For each NaCl 
concentration and extract, the percentage 
of hemolysis was calculated as  follows: 

Ϸ ὌὩάέὰώίὭί
ὔ ὔ

ὔ
 ὼ ρππ 

 where ὔ  and ὔ  are the numbers of red 
blood cells at 0 and 60 min, respectively. 
The median corpuscular fragility (MCF), 
the NaCl concentration that causes 50 % 
erythrocyte hemolysis, was estimated 
from the linear regression "% hemolysis 
versus NaCl concentration" using the 
ORIGIN 8.5 software. 
 

Determination of methemoglobin 
concentration 
The red cell pellet was hemolysed with 
distilled water in a 1: 2 ratio (v/v) and 
centrifuged (1500 g, 10 min). The 
hemolysate was incubated at room 
temperature in the presence or absence of 
the DEE/DSCG. The evolution of 
absorbances was measured at 540 and 630 
nm for hemoglobin (Fe2+) and 
methemoglobin (Fe3+), respectively. 
The proportion of methemoglobin was 
calculated at each time as follows: 

ὊὩ
ὃ

ὃ ὃ
ὼρππ 

ὊὩȟ ὃ  and ὃ  are the proportion of 
methemoglobin and the absorbances at 
540 and 630 nm, respectively.  
 
To appreciate the kinetics of the reaction 
in the presence or absence of extract, 
ὊὩ -time curves were obtained by fitting 

data to the equation  Ù ὃ  

using the Origin 8.5 software. 
 
Statistical analysis 
All the experiments were conducted in 
triplicate; the data were expressed as 
mean ± standard deviation (S.D) and 
analyzed using Origin 8.5 software with a 
Chi-square test. The level of significance 
was classically set at 0.05. 
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Results and Discussion  
 
Sickling induction

Table 1: Sickling induction assay (60 min contact with sodium metabisulphite in air-
tight conditions; measurement over 5 microscopic fields) 

Patient Date of 
assay 

Sample 
code 

Total red 
blood 
cells 

Sickled red 
blood cells 

% 
Sickling 

Test 
considered 

as 

1  31/10/19 SS_70 168 139 80.4 Positive 
2  31/10/19 HETERO_40 136 4 4.4 Negative 
3  31/10/19 HETERO_58 185 6 3.2 Negative 
4  05/11/19 SS_91 189 21 11.1 Negative 
5  05/11/19 SS_54 240 240 100.0 Positive 
6  08/11/19 SS_40 152 14 9.2 Negative 
7  12/11/19 SS_59 144 6 4.2 Negative 
8  12/11/19 SS_759 138 14 10.1 Negative 
9  12/11/19 SS_36 93 78 83.9 Positive 
10  12/11/19 SS_68 127 15 11.8 Negative 
11  14/11/19 SS_07 100 13 13.0 Negative 
12  18/11/19 SS_396 126 117 92.9 Positive 
13  18/11/19 SS_597 195 162 83.1 Positive 
14  12/12/19 SS_237 234 207 88.4 Positive 

Fourteen samples were received from 
Hôpital Civil Marie Curie and tested for 
their ability to falciform in deoxygenation 
conditions (Table 1). Figure 2 shows 
phenotypic micrographs of representative 
samples. As expected, the samples from 
heterozygote patients yielded a very low 
proportion of sickled cells in our 
experimental conditions. However, 6 

samples from homozygote patients were 
also weakly falciform, indicating a possible 
treatment by hydroxyurea (induction of 
non-sickling fetal hemoglobin) and 
antioxidants (scavenging Na2S2O5). These 
heterozygotes and non-falciform samples 
(<50 % sickling) were not considered for 
the following experiments.  
 

Figure 2. Sickling induction assay. Phenotypic micrographs of representative samples 
(60 min contact with sodium metabisulphite in air-tight conditions; 500 X)

Legends: HETERO: heterozygous blood; SS: SS homozygous blood; 40, 58, 396 are the 

identification numbers of the samples attributed by the laboratory of the supplying 

hospitals. 

Normal RBCs 

Sickle Cells 


