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ABSTRACT 
 

Aims:  To evaluate the antisickling activity of lunularic acid. 
Study Design:  Biological experiment in vitro (Emmet test), evaluation of cell morphological 
parameters such as radius, perimeter and surface. 
Place and Duration of Study: University of Kinshasa, Democratic Republic of the Congo, from 
February 2015 to June 2015. 
Methodology: The antisickling activity is carried out in vitro in isotonic (NaCl 0.9%) and hypoxic 
conditions (Na2S2O5 2%) using Sickle red blood cells (RBCs) as model system. The RBCs 
phenotype were analyzed using a computer assisted image analysis program (Motic Images 2000, 
version 1.3; Motic China Group Co LTD) and statistical data analyses were processed using  
Microcal Origin 8.5 Pro package software. 
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Results:  The biological testing revealed that lunularic acid has antisickling activity (Normalization 
rate > 95% at 25 µg/ml). This phenolic acid acts by reducing the perimeter of sickle RBCs and by 
increasing their surface. The treated SS RBCs demonstrated a remarkable similarity to normal 
blood cells values of morphological parameters. 
Conclusion:  The naturally occurring lunularic acid could serve as promising lead compound 
candidate for improving the quality life of SCD patients. 
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1. INTRODUCTION 
 
Sickle cell disease (SCD) is a genetic disease 
characterized by a chronic hemolytic anemia [1]. 
Strategies to treat this pathology focus on 
prophylactic measures for alleviating the painful 
crises and preventing adverse effects. Due to the 
high cost of SCD management, scientific 
research in endemic regions has been directed 
toward tropical flora bio-prospection in order to 
solve health challenges caused by this 
hemoglobinopathy as a priority agenda for some 
African research centers [2]. Recently our 
research group shows that many medicinal plant 
species traditionally used in Democratic Republic 
of the Congo (DRC) to manage SCD had in vitro 
antisickling activity and that this activity is mainly 
due to anthocyanins [3-8]. These compounds are 
acylated by phenolic acids in the cell vacuole and 
may have considerable utility as nutraceuticals in 
the management of sickle cell disease [2,9]. 
Indeed, the risk of toxicity or side effect of 
allopathic drugs has shift more emphasis on the 
safe use of nutraceuticals or “functional foods”. 
They are defined as non-drug substances 
produced in an extracted form and administered 
orally to a patient with the intent of improving the 
health and well being of humans. Such products 
may range from isolated nutrients, dietary 
supplements, and diets to herbal products or 
phytochemicals such as phenolics [10,11]. 
Medicinal plants containing phytochemicals like 
benzoic acid derivatives were reported to exhibit 
antisickling properties [12,13]. Plant species 
containing such related compounds could serve 
as ingredient in formulating a phytomedicine 
against SCD. Drepanoalpha®, a combination of 
medicinal plants based food made using the 
same rationale, is a promising and potent 
functional food for people suffering from SCD 
scientifically validated in Democratic Republic of 
the Congo [14,15]. 
 
The present study was performed with the aim of 
evaluating the antisickling activity of a phenolic 
acid namely dihydro-stilben carboxylic acid or 
lunularic acid from Noronhia divaricata Perr. 

(Family Oleaceae). This study is the first report of 
the antisickling activity of this lead compound. 
 
2. MATERIALS AND METHODS 
 
2.1 Lunularic Acid 
 
Lunularic acid sample was previously isolated 
from Noronhia divaricata, a medicinal plant 
species endemic to Madagascar by our 
collaborative research group based in 
Antananarivo, Republic of Madagascar. This 
plant is traditionally used to treat malaria in the 
southern part of the island [16]. The 
physicochemical and spectroscopic data of this 
acid are given as follow: NMR1H 200MHz, CD 
Cl3) δ (ppm): 2.79-3.00(m, 2H, CH2 CH2), 3.21-
3.37(m, 2H, CH2 CH2), 6.62-6.77(m, 4H, H 
arom.), 6.98(t, J=8.0Hz, 2H, H aromatic), 7.16(t, 
J=8.0Hz, 1H, H aromatic). NMR13C 100MHz, 
Acetone-d6) δ (ppm): 37.9; 39.2; 112.6; 115.4; 
115.8; 129.7; 133.3; 134.4; 145.9; 155.8; 163.2; 
173.2. Melting point=199-200°C, Principal 
absorption bands IR (cm-1): 3360-2350; 1685; 
1581; 1471; 1266 [2]. 
 
The samples of the isolated compound (lunularic 
acid) and crude extract of Noronthia divarica 
(ethanol) were kindly furnished by Professor 
Rafatro Herintsoa of the “Institut Malgache de 
Recherches Appliquées, Madagascar”. 
 
2.2 Biological Experiments 
 
2.2.1 Biological material  
 
Blood samples used to evaluate the antisickling 
activity of the compounds in this study were 
taken from known SCD adolescent patients 
attending the “Centre de Médecine Mixte et 
d’Anémie SS” and “Centre Hospitalier Monkole”, 
both located in Kinshasa area, DRC. None of the 
patients had been transfused recently with Hb 
AA blood. All antisickling experiments were 
carried out with freshly collected blood. In order 
to confirm their SS nature, the above-mentioned 
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blood samples were first characterized by 
Hemoglobin electrophoresis on cellulose acetate 
gel, as previously reported [1-9]. They were 
found to be SS blood and were then stored 
at±4ºC in a refrigerator. An informed consent 
was obtained from all the patients participating in 
the study. 
 
2.2.2 Antisickling assay  
 
Sickle cell blood was diluted with 150 mM 
phosphate buffered saline (NaH2PO4 30 mM, 
Na2HPO4 120 mM, NaCl 150 mM) and mixed 
with an equivalent volume of 2% sodium 
metabisulfite. A drop from the mixture was 
spotted on a microscope slide in the presence or 
absence of isolate compound/crude extract and 
covered with a cover slip. Paraffin was applied to 

seal the edges of the cover completely to 
exclude air (Hypoxia). Duplicate analyses were 
run for each drug (crude extract and isolated 
compound). The RBCs were analyzed using a 
computer assisted image analysis program 
(Motic Images 2000, version 1.3; Motic Chine 
Group Co LTD) and statistical data analyses 
were processed using Microcal Origin 8.5 Pro 
package software [17,18]. 
 
3. RESULTS AND DISCUSSION  
 
Figs. 1 (a-c) show respectively the micro-
photography of SS blood alone in a NaCl 0.9% 
solution (control, Fig. 1a) and the SS blood 
incubated with crude extract of Noronia 
divaricata (ND) and lunularic acid isolated from 
ND (Figs. 1b & c). 

 

  
1a 1b  

 
1c 

 
Fig. 1. Microphotography of SS blood alone (control , 1a) and SS blood incubated with tested 

drugs (1b: ethanolic crude extract: 25 µg/ml; 1c: l unularic acid: 25 µg/ml).   
(x500) [NaCl 0.9%; Na 2S2O5 2%] 
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Fig. 1 shows that the control (1a) contains in 
majority sickle-shaped erythrocytes, confirming 
the SS nature of the blood. Mixed together with 
crude extract or lunularic acid (Fig. 1 b & c), the 
majority of erythrocytes are reversed normal-
shape. Normalization of sickle red cells is much 
better with the isolated compound. This indicates 
that lunularic acid has antisickling activity 
(Normalization rate > 95%), thus confirming 
result already reported [9,17]. 
 
The treated SS RBCs demonstrated a 
remarkable similarity to normal blood cells values 
of morphological parameters as revealed in the 
Table 1. 
 
Table 1. Average values of radius, perimeter 
and surface of erythrocytes before and after 

treatment with lunularic acid (LA) of  
Noronhia divaricata  

 

Measured 
parameters 

Untreated  
SS RBCs 

SS RBCs (+LA)  

Radius (µm) 0.00±0.00 3.35±0.28 
Perimeter (µm) 32.16±1.71 19.75±1.12 
Surface (µm

2
) 20.45±1.54 32.98±1.56 

 
As it can be seen in Table 1, the used computer 
software package/program did not give the 
average radius for drepanocytes, as sickled cells 
of untreated SS blood are not circular. The 
average radius appeared after treatment of SS 
RBCs with lunularic acid (25 µg/ml), lead into the 
re-appearance of the normal and classical 
biconcave form of RBCs. We can also note that, 
lunularic acid acts by reducing the perimeter of 
sickle RBCs and by increasing their surface. 

Statistical treatment revealed a significant 
difference between the average values of both 
the perimeter and the surface of the untreated 
and treated erythrocytes (p<0.05), thus 
confirming the antisickling effect of lunularic acid. 
Indeed, in hypoxic conditions (Na2S2O5 2%]), the 
red blood cells (RBCs) were observed to change 
from the sickled shape to normal biconcave cells. 
These values are consistent with previously 
reported data [18]. 
 
The maximal normalization rate or minimal 
concentration of normalization (MCN) of lunularic 
acid was determined. Fig. 2 shows the dose 
dependent antisickling activity of lunularic acid 
extracted from Noronhia divaricata 
(concentration ranging from 0.781 to 50 µg/ml). 
 
The normalization rate of sickled cells in the 
presence of lunularic acid increase with the 
concentration and reached a maximum and 
constant value at 25 µg/mL (MCN). This 
corresponds to a normalization rate > 95%. The 
antisickling activity of this acid is dose 
dependent. A molecular docking study using 
Hansch lipophilicity pi (π) and Hammett 
electronic sigma (σ) constants for predicting the 
antisickling effect of phenolic acid derivatives 
revealed  that this bioactivity is due to the strong 
electron donating groups attached on the 
benzene ring and thus to their anti-oxidative 
properties [12,13]. As SCD is a chronic and 
oxidative stress based disease, the use of 
lunularic acid as nutraceuticals would be a good 
approach instead of giving pharmaceutical 
products to sicklers during all their life. 

 

 
 

Fig. 2. Evolution of normalization rate of drepanocy tes (Sickled RBCs)) in the presence of 
lunularic acid at different concentrations (NaCl 0. 9%; Na2S2O5 2%) 
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4. CONCLUSION 
 
The present research depicts the antisickling 
effect of lunularic acid, as lead compound 
candidate for improving the quality life of sicklers. 
It is therefore necessary to evaluate the 
interaction of this phenolic acid with sickle 
erythrocytes membrane and hemoglobin S in 
order to elucidate it precise modes of action. It is 
also necessary to synthesize, formulate and 
optimize lunularic acid loaded capsules as 
antisickling drug candidate using an appropriate 
gel base/vehicle for large scale utilization and 
clinical trials. 
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