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ABSTRACT 
 

Sickle cell disease (SCD) caused by hemoglobin mutant called hemoglobin S or HbS, which 
originated from the replacement of a hydrophilic amino acid residue-glutamic acid by a 
hydrophobic moiety valine, at the sixth position of the β-chain of hemoglobin molecule. This loss of 
charge causes the erythrocytes to sickle under hypoxic conditions. The phytochemical, proximate 
and amino acid compositions of the leaves extracts of the plant Moringa oleifera were assayed to 
determine their antisickling effects on sickle cell hemoglobin. The proximate composition of the 
leaves showed the data:moisture (6.0±1.2mg/100g); crude protein (28.0±1.0mg/100g); 
carbohydrate (48.10±0.13mg/100g); crude fiber (10.05±0.01mg/100g); ash(9.30±0.01 mg/100g) ; 
pH 6.25 and crude fat (2.5±0.0 mg/100g). The different extracts including the crude aqueous 
extracts (CAE) revealed a preponderance of the following phytomedicines:-alkaloids 

Original Research Article 



 
 
 
 

Nwaoguikpe et al.; JSRR, 4(2): 123-132, 2015; Article no.JSRR.2015.014 
 
 

 
124 

(4.0±0,01mg/100g), flavonoids (0.4±0.0mg/100g), saponins (8.0mg/100g) and phenols 
(1.10±0.10mg/g. The antisickling effects of the different fractions of the leaves exhibited 
pronounced antisickling effectiveness by inhibiting sickle cell hemoglobin polymerization from 
88.80% for the WAS(water-soluble) fraction to 98.35% for the FAS(fat-soluble) fraction. The BUS 
(butanol-soluble) fraction inhibited the process to 98.35%.The following antisickling amino acids 
were equally identified by TSM (technicon sequential multisample) amino acid analyzer at different 
concentrations: arginine (6g/100g); histidine(2.1g/100g);lysine (4.3/100g); tryptophan 1.9g/100g; 
phenylalanine 6.4g/100g. The total free amino acid concentration of the fractions (WAS, FAS, 
BUS) were high and expressed as follows: 13.57 mg/100g; 450.78 mg/100g and 49.76 mg/100g 
respectively. The total ascorbic (Vitamin C) acid concentration of the (crude aqueous extract) CAE 
was 4512 mg/100 g of sample. The Fe

2+/
Fe

3+
 ratio showed improvement from 5.48% for the WAS 

fraction to 18.89% for the FAS fraction. Based on the preponderance of phytonutients, the 
proximate composition of the leaves, the antisickling effectiveness of the fractions based on 
hemoglobin polymerization inhibition experiment, the presence of antisickling and essential amino 
acids; Moringa oleifera leaves extracts may present future therapeutic hope for the effective 
management of sickle cell disease and other related nutritional syndromes. 
 

 
Keywords: Sickle cell disease; hemoglobin polymerization; Moringa oleiferia; Fe

2+
/Fe

3+
 ratio. 

 

1. INTRODUCTION 
  
Sickle cell disease (SCD) or sickle cell anemia 
(SCA) or drepanocytosis, is an autosomal  
recessive blood disorder, characterized by red 
blood cells that assume abnormal, rigid sickle 
shape.  Sickling of erythrocytes or gelation 
decreases the flexibility of red blood cells and 
results in a risk of various complications. The 
sickling of erythrocytes occur as a result of 
hypoxia, which is a consequence of point 
mutation in the β-globin chain of normal 
hemoglobin. Life expectancy is shortened. Sickle 
cell disease occurs more commonly among 
people of African stock or whose ancestors lived 
in tropical and Sub-Saharan regions of the world, 
where malaria is endemic. Specifically, humans 
with one of the two alleles show less severe 
symptoms when infested with malaria. HbS 
(sickle cell hemoglobin) polymerization is 
associated with a reduction in cell ion and water 
content (cell dehydration), increased red cell 
density, which further accelerate HbS 
polymerization [1,2,3,4 ]. 
 
Dense dehydrated erythrocytes are likely to 
undergo instant polymerization in conditions of 
mild hypoxia due to their high HbS concentration; 
and HbS polymers may be formed under normal 
oxygen pressure. Medical advances in the 
management of sickle cell disease patients have 
led to significant increase in life expectancy. This 
improved longevity is likely the result of early 
neonatal screening, patient and parental 
education, improved public health advances on 
red blood cell transfusion medicine, penicillin 
prophylaxis for children, pneumococcal 

vaccinations, nutrition of affected patients and 
hydroxyurea therapy [1]. To date, allogenic bone 
marrow transplant remains the only available 
cure, although this form of therapy is limited by 
the availability of potential donors and by its 
toxicity [1]. To this end, there has been a 
constant search for novel therapies that may be 
accessible to majority of sickle cell disease 
patients. Many therapeutic approaches and 
protocols have been adopted involving many 
chemicals, herbal preparations, nutrients and 
induction processes to improve the health of 
sickle cell patients as well as the reduction of 
many pathophysiological complications of the 
syndrome. There is therefore an uphill task in 
stumbling over a therapeutic bullet that can 
knock out the sickle cell syndrome from patients. 
For instance, fetal hemoglobin (HbF) is a potent 
inhibitor of HbS polymerization. This is because, 
neither HbF(α2γ2) nor the hybrid tetramer 
(α2γbeta) are incorporated into the polymer 
phase of gelation. Multiple epidemiological 
studies show that the level of HbF predicts 
clinical severity in patients with SCD. 
Hydroxyurea, a ribonucleotide reductase inhibitor 
is the only drug approved by the US Food and 
Drug Administration for treating SCD .It has been 
shown to reduce the frequency of hospitalization, 
acute painful episodes, acute chest syndromes 
and blood transfusion in severe sickle cell 
anemia patients. In Nigeria, many herbal extracts 
for example, Nipprisan 

TM 
[5] has been tested 

and proved to elicit remarkable action on sickle 
cell gelation and whose main mechanism is to 
stabilize the erythrocyte membrane by providing 
electrolyte homeostasis. Other plants include: 
Adesonia digitata (bark), Bryophyllum pinatum 
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(leaves), Cajanus cajan (seeds), Carica papaya 
(fresh unripe seeds), Zanthoxylum 
xanthoxyloides, aged garlic extracts, edible 
legumes, some of which mitigate sickling by the 
provision of cations, nutritients, antisickling 
amino acids and vitamins [6,7,8,9] that function 
to ameliorate the syndrome. 
 
Apart from all these, an antisickling nutrient 
“CIKLAVIT

TM
” is in use for the management of 

sickle cell disease, discovered in Nigeria by Prof 
G.I Ekeke and Dr. R.N. Nwaoguikpe; produced 
and marketed by Neimeth Pharmaceutical PLC. 
It contains amino acids, food extracts and zinc. 
Traditional medicine or ethno-medicine is more 
available and affordable in Africa because of the 
high cost of orthodox medication and the failure 
rate of these drugs in ameliorating the 
pathophysiological complications of some 
disease conditions including the sickle syndrome. 
Almost 24 million Nigerians are carriers and 
sufferers of sickle cell disease [10]. 
 
Moringa oleifera (Moringaceae) possess high 
nutritional components. In ancient Egypt, 
Moringa roil (known as “BAK”) was used by the 
more wealthy to anoint the body and to keep skin 
supple. Egyptian medicare incorporated moringa 
oil into remedies for stomach ailments, headache 
and earaches. In central Africa, it is used to treat 
skin infections. Currently, moringa is used raw, 
unprocessed by many countries from Australia, 
Fiji, Senegal to Brazil. Moringa is a remarkable 
tree whose leaves gram for gram have seven 
times the vitamin C found in oranges, four times 
the vitamin A of carrots, three times the iron of 
spinach, four times as much calcium as milk [11]. 
It is on record that moringa trees have been used 
to combat malnutrition especially among infants 
and nursing mothers. In fact, the nutritional 
properties of moringa are now so well known that 
there seems to be little doubt of the substantial 
health benefits [11,12 ]. The leaves of Moringa 
oleifera have a wide range of beneficial effects. It 
was reported to prevent gastric ulceration, 
immune-modulatory and wound healing 
properties [13,14]. Report has it that leaf extracts 
prepared using ethanol or methanol, inhibit 
microsomal lipid peroxidation. Moringa oleifera 
also showed radio protective potential as the leaf 
extract protect bone marrows against radiation 
induced marrow damage. It has also been 
reported that extract from Moringa oleifera is able 
to protect the liver against acetaminophen and 
carbon tetrachloride induced damage [15]. 
 

Irrespective of the amount of reported uses of 
Moringa oleifera, the  leaves have been reported 
as the most nutritious part of the plant, being a 
significant source of B-vitamins, vitamin C, pro-
vitamin A, β-carotene, and vitamin K. Not much 
information is available on the antisickling 
properties of this plant. Hence, we are prompted 
to investigate the antisickling effects of the 
leaves extracts on sickle cell hemoglobin. 

 
2. MATERIALS AND METHODS 
 
2.1 Plant Material  
 
The plant material used in the work are the 
leaves of  Moringa oleifera which were  plucked 
fresh in a village Akokwa, in Ideato North LGA of 
Imo State, Nigeria  at the local government 
headquarters where the trees grow luxuriantly. 
The leaves were identified and authenticated as 
being the best variety by a plant taxonomist, Mr. 
Francis Iwunze, at the Department of Forestry 
and Wildlife of the School of Agriculture and 
Technology (SAAT), of the Federal University of 
Technology, Owerri Nigeria.  
                                                                                                                                 

2.2 Sample Preparation 
 
Fresh leaves were washed under running tap 
water, dried at room temperature of 27°C, 
weighed and blended into powder, to a total 
weight of 300 g. 

 
2.3  Preparation of Crude Aqueous Extract 

(CAE) 
 
This was prepared by soaking 50 g of the 
powdered sample with 150 ml of distilled water 
for 24 h in a refrigerator, maintained at 8°C. The 
filtrate was kept in a corked volumetric flask in a 
refrigerator until used [16]. 
 

2.4 Batch Extraction Procedures 
 
2.4.1 Extraction of the fat-soluble (FAS) 

fraction 
 
One hundred (100 g) grams of the powdered 
plant leaves were soaked in 200 ml of 
Dichloromethane of analytical grade in a 500 ml 
conical flask, corked for 24h until filtered. This is 
in essence to defat the sample and to generate 
the fat-soluble (FAS) fraction. The residue after 
filtration was dried en vacuo to evaporate the 
available residual volatile solvent [17] 
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2.4.2 Methanol solvent extraction process 
 
The residue from the dichloromethane extraction 
process was soaked in 200 ml of methanol of 
analytical grade for 24 h. The solvent was filtered 
off and the filtrate concentrated by rotor 
evaporator maintained at 30°C. The weights and 
volumes of the extracts were recorded. The 
extract was corked and kept in the refrigerator at 
8ºC [17] until used. 
 
2.4.3 Butanol-water partitioning 
 
Butanol -water partitioning was carried out with 
the methanol water soluble (MWS) in a 
separating funnel, left standing for 24 h. The two- 
phase liquid solution was separated into two 
different fractions, labeled appropriately as 
butanol-soluble (BUS) and water-soluble (WAS) 
fractions respectively. The two fractions were 
concentrated by rotor evaporator [17]. 
 

2.5 Phytochemical Screening and 
Quantitation 

 
Qualitative and quantitative screening (assays) 
were carried out on the sample to determine the 
resident phytochemicals or anti-nutrients such 
as: saponins, tannins, alkaloids, flavonoids and 
phenols, by the methods [18,19]. 
 

2.6 Collection of Blood Samples 
 
Blood sample (HbSS) was collected from 
confirmed sickle cell disease patients who attend 
sickle cell clinic by the personnel of the 
Hematology Unit of the Federal Medical Centre, 
Owerri, Nigeria. The donors were informed by 
the ethical committee of the hospital on the need 
for the blood samples and they consented. 
 
2.6.1 Preparation of blood samples 
 
Portions of whole blood (0.2 ml) was used for the 
Fe

2+/
Fe

3+
 ratio determination while the remaining 

portions were collected into citrate anticoagulant 
tubes, kept in a refrigerator at 8°C. Erythrocytes 
were isolated from the blood samples by 
centrifugation at X 1500 g for 10 minutes, using 
bench centrifuge. Following careful siphoning of 
the plasma with Pasteur pipette; the erythrocytes 
were by repeated inversion suspended in a 
volume of isotonic saline (0.9%NaCl) equivalent 
to the volume of the siphoned plasma. The 
erythrocyte suspension was then frozen at 0ºC 
and subsequently thawed to produce a 

hemolysate for the hemoglobin polymerization 
experiment. 
 

2.7 Proximate Composition of Moringa 
oleifera Leaves 

 
Proximate analysis was carried out according to 
the methods described by the Association of 
Official Analytical chemists [18] to determine the 
moisture content, crude protein, carbohydrate, 
ash, pH and crude fat compositions respectively. 
 

2.8 Determination of Total Free Amino 
Acid Concentrations of the Fractions 
of the Sample 

 
0.1% Ninhydrin in acetone was diluted with 
distilled water in the ratio 1:4.The water-soluble 
fraction (WAS) was diluted 1:1 with distilled 
water; the butanol-soluble fraction (BUS) diluted 
1:1 with methylated spirit and the fat-soluble 
(FAS) fraction, 1:5 with ethanol. Exactly, 20µL 
each of the diluted extracts was added 4.0 ml 
portions of diluted Ninhydrin. The resulting 
solutions were heated to boiling for 5 min, cooled 
and the absorbance reading taken at 2 min 
intervals for 30 minutes in a spectrophotometer 
at 570 nm, distilled water as blank. The values 
were extrapolated from a standard curve 
obtained by treating 20 µL portions of different 
concentrations of Phenylalanine (1-20 mg) with 
4.0 ml portions of diluted Ninhydrin treated as 
above. 
 

2.9 Determination of the Major Amino 
Acid Constituents of Moringa Leaves 
by TSM 

 
The amino acid profile of the powdered leaves 
sample was determined using the methods 
described by Speckman and colleagues [20]. 
The known sample was dried to constant weight, 
defatted, hydrolyzed, evaporated in a rotor 
evaporator and loaded into the Technicon 
Sequential Multisample (TSM) Amino Acid 
Analyzer. 
 

2.10 Determination of the Ascorbic Acid 
Concentration of the Crude Aqueous 
Extract (CAE) of the Leaves 

 
The determination of the Ascorbic acid 
concentration of the leaves was carried out by 
the method [21]. Ascorbic acid standard was 
prepared containing 1 g/dm

3
 of Ascorbic acid 
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such that 1 cm
3
= 1 mg vitamin C. A burrete was 

filled with a solution of 2, 6-
Dichlorophenolindophenol (DCPIP) of 0.01%. 
Ten milliliters (10 ml) of Ascorbic acid standard 
was acidified with 2 or 3 drops of dilute HCl. The 
indophenol solution was titrated into the Ascorbic 
acid solution until there was a permanent pink 
solution. 
 
If X cm

3
 of the indophenol solution were required, 

therefore 1 cm
3
 of the indophenols is equivalent 

to 10 mg Vitamin C/Xcm
3
. Having standardized 

the indophenols solution, 10 cm
3
 of the test 

solution (CAE) was taken and treated as above. 
 

2.11 Sickle Cell Hemoglobin 
Polymerization Inhibition Experiment 

 
The original methods [17,22,23] were used for 
HbSS polymerization inhibition experiment. 
Sickle cell hemoglobin polymerization was 
assessed by the turbidity of the polymerizing 
mixture at 700 nm, using 4.4 ml of 2% Sodium 
metabisulphite as the reductant or deoxygenating 
agent. 0.5 ml normal saline and 0.1 ml 
hemoglobin solution were introduced into the 
cuvette by means of a pipette, shaken and 
inserted into a spectrophotometer and 
absorbance readings taken at 2 min intervals for 
30 min. This represents the control. Distilled 
water was used as blank in all assays. For the 
test assay, 4.4. ml of 2% Sodium metabisuphite 
solution, 0.5 ml antisickling agent and 0.1 ml 
hemoglobin solution were assayed as above. 
The rates of hemoglobin polymerization were 
calculated. The relative percent polymerization 
and relative percent inhibition were determined 
with respect to the control. These parameters 
were all determined from the formula below [17]. 
 

Rate of Polymerization = Final OD---Initial OD 
                                         time 

Where 
 

Rp= rate of polymerization                                                                                                   
t= time in minutes 

 
Rp     = OD f –OD i   =   ∆OD 

                t                       t 
ODf= final optical density/absorbance                                                                                                         
ODi= Initial optical density/absorbance 

 

2.12 Determination of In vitro effects of 
the Extracts on Fe2+/Fe3+ Ratio of 
Sickle Cell Blood 

 
The Fe

2+/
Fe

3+
 ratio was determined by the 

method [24], while the oxygen affinity of 
hemoglobin and methemoglobin were measured 
at 540 nm and 630 nm respectively. The 
approach employs lying 0.02 ml of whole blood in 
5.0 ml distilled water and 0.02 ml normal saline. 
The absorbance of Hb (hemoglobin) and mHb 
(methemoglobin) were determined to give  % Hb 
and % mHb  respectively. This represents the 
control. In determining the effect of the extracts 
(antisickling agent) on the ratio; 0.02 ml of the 
extract was added to 5.0 ml of distilled water and 
0 .02 ml of whole blood added and incubated for 
60 min in a test tube. The procedure above 
repeated to determine the % Hb and % mHb 
respectively. Further analysis gives the relative 
percent increase or decrease in the ratio [17]. 
 

2.12 Statistical Analysis of Results 
 
Statistical analysis of results is multifaceted. 
Some results are expressed in percentages, 
mean and standard deviations as well as ONE-
WAY ANOVA. The level of significance was 
taken at p≤0.05. 
     

3. RESULTS 
 
The results of all determinations and assays are 
shown in Tables 1-7. 
 

 
Table 1. The table shows the results of quantitative phytochemical composition of the crude 

aqueous extract (CAE) of leaves of Moringa oleifera. Values in the table are expressed in mg/g 
of sample 

                                                                                
Phytochemical Flavonoid Alkaloid Saponin Tannin Phenol 

Concentration(mg/g 0.04±0.00 4.0±0.01 8.0±0.12 0.65±0.20 1.10±0.10 
The values in the table are the Mean±SD from triplicate determinations 

 
 
 
 



 
 
 
 

Nwaoguikpe et al.; JSRR, 4(2): 123-132, 2015; Article no.JSRR.2015.014 
 
 

 
128 

Table 2. The table depicts the proximate composition of moringa leaves, showing the various 
parameters assayed. Values are expressed in mg/g of sample 

 

Parameters Moisture Crude protein Carbohydrate Crude fiber Ash Crude fat pH 

Conc.(mg/g 6.0±1.2 28.0±1.0 48.10±0.11 10.05±0.01 9.30±0.01 2.50±0.00 6.10±0.00 
The values in the table above are the Mean±SD from triplicate determinations 

 
Table 3. Shows the total free amino acid concentrations of various fractions of the sample. The 

parameters assayed are shown in the table. Values are expressed in mg/100 g of sample 
 

Sample/fraction Conc.mg/ml Volume of 
extract 

Dilution 
factor 

Total 
volume 

Total free a.a 
mg/50g 

Total free 
a.amg/100 g 

FAS 7.513 5.0 6.0 30.0 225.39 450.78 
BUS 0.053 54.0 2.0 108.0 5.72 11.44 
WAS 0.622 20.0 2.0 40.0 24.88 49.76 

                   Total free amino acid conc. for FAS + BUS+ WAS 511.98 mg/100g 

 
Table 4. Shows the various amino acids and their concentrations identified by TSM (technicon 

sequential multi-sample (amino acid) analyzer 
 

Amino acid Symbol Concentration (g/100g) 

Lysine Lys 4.13 
Histidine His 2.00 
Arginine Arg 5.80 
Tryptophan Trp 1.70 
Methionine Met 1.60 
Threonine Thr 4.70 
Leucine Leu 8.70 
Isoleucine Ile 6.00 
Valine Val 6.80 
Phenylalanine Phe 6.20 

 
Table 5. Summarizes the total ascorbic acid concentration of the CAE of the leaves, values are 

expressed in mg/100 g except volumes that are expressed in milliliters (ml) 
 

Fraction Volume(ml) Dilution factor Vit. C (mg/ml) Vit C (mg/50g) Vit. C (mg/100g) 

CAE 47.0 10.0 2.0856 980.232 1960.464 
 

Table 6. Is a table of hemoglobin polymerization inhibition experiment showing the rates of 
polymerization, the relative percent polymerization and the relative percent inhibition of HbSS 

by the fractions of the sample at 5.0 µM Phe equivalence 
 

Sample Fraction Final Assay 
Conc. µM 

Rate of 
polymerization 

Relative % 
polymerization 

Relative % 
Inhibition 

Moringa 
oleifera 
leaves 

Control ------------- 0.0079 100.00 0.00 
L-Phe 4.85 0.00010

a
 1.50

a
 98.50

a
 

WAS 4.85 0.00087
b
 11.20

b
 88.80

b
 

FAS 4.85 0.00013
a
 1.65

a
 98.35

a
 

BUS 4.85 0.00030
a
 4.18

a
 95.82

a
 

Values with the same superscript within the rows and columns are statistically the same at p≤0.05 
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Table 7. Shows the In vitro effect of FAS, BUS and WAS fractions of sample on Fe
2+/

Fe
3+

 ratio 
of HbSS blood at 4.85µM Phe equivalence 

 

Sample Fraction Final assay conc. µM %Hb %mHb Fe
2+/

Fe
3+

 % increase 

HbSS blood Control --------- 88.0 12.0 7.3 0.00 
Vitamin C AQ 4.85 92.0 8.0 11.5 57.53 
Moringa 
oleifera 
‘ 

WAS 4.85 89.0 11.0 8.1 10.97 
FAS 4.85 90.0 10.0 9.0 20.34 
BUS 4.85 89.0 11.0 8.1 10.97 

 

4. DISCUSSION 
 
The results of all analyses are shown in Tables 
1-7. In Table 1, the result of quantitative 
phytochemical analysis is displayed showing the 
presence of alkaloids (4.0±0.12mg/g), saponins 
(8.0±1.0 mg/g), flavonoid (0.40±0.0mg/g) and 
phenols (1.10±0.10). It has been reported that 
the antisickling activity of any medicinal plant is 
linked to the phytochemicals  present in the 
plant, most of which are antioxidants [25] . For 
example, 1-Hydroxybenzoic acid, an alkaloid, 
isolated from Fagara xanthoxyloides is a known 
antisickling agent. Moringa oleifera leaves have 
been reported to contain some organic acids 
which possess mild antisickling activity [26,27]. 
Apart from phytochemicals and antioxidants, the 
plant has been reported to contain over 46 
antioxidants and 36 anti-inflammatory 
compounds. The presence of flavonoids in most 
medicines and extracts has been linked to their 
synergistic effect with other drugs. Saponins 
have equally been found to possess stimulating 
effect both in vaccines and extracts [28]. The 
high preponderance of phytochemicals in the 
leaves of this plant may be responsible for the 
antisickling activity of the extracts. Table 2 shows 
the proximate composition of the leaves. The 
moisture content of 6.0±1.2 mg/g, shows that the 
plant leaves as juicy and hence, used as 
vegetable for preparing soups and sauce by 
some consumers. The protein content of 
28.0±0.02 mg/g is remarkable. It can serve as a 
rich source of protein in nutrition comparable to 
those of leguminous seeds of two varieties of 
Vigna unguiculata; the carbohydrate content of 
48.10±0.12 mg/g, shows that the vegetable is a 
source of energy and can provide high calories in 
diets. No wonder the plant is often referred to as 
a miracle plant. Others include, crude fat, crude 
fiber and Ash; all having outstanding roles in 
nutrition. The free amino acid concentration of 
the leaves is shown in Table 3. Values in the 
table reflect the actual role of the plant as a rich 
protein source. This value corroborates with the 
data in Table 2 on proximate analysis, showing 

high crude protein value. Table 4 shows the 
amino acid content of the leaves, identified by 
Amino Acid Analyzer. The following antisickling 
amino acids were identified with high 
concentrations- Lysine(4.13 g/100g), Histidine 
(2.00 g/100g), Arginine, one of the most potent 
antisickling amino acids (5.8 g/100g), which has 
been implicated in the production of NO(nitric 
oxide); L-arginine is a vasodilator, utilized in the 
treatment of pulmonary hypertension in SCD 
patients[19] and Phenylalanine (6.2 g/100g), is 
predominant antisicking amino acid both in vitro 
and in vivo [10]. Some of these amino acids such 
as Histidine, Alanine, Arginine, Tryptophan, 
possess the triple role of being anti-inflammatory, 
antioxidant and antisickling [17,25,26]. 
 
Table 5 shows the vitamin C concentration of the 
leaves, which is very outstanding. It also shows 
the antioxidant status of the leaves. Sickle cell 
disease is a stress loaded problem and requires 
potent antioxidants which scavenge free radical 
generated in situ. Vitamin C in various in vitro 
experiments has exhibited high antisickling 
effectiveness by inhibiting sickle cell hemoglobin 
polymerization and the improvement of 
Fe

2+
/Fe

3+
ratio [17,29]. Many studies have 

validated the combination of some micronutrients 
like Zinc and an antioxidant Vitamin C as 
antisickling agent with therapeutic application in 
the management of sickle cell disease [29,30]. 
Many workers reported on the antisickling role of 
Moringa oleifera seed and flower extracts and in 
combination with aged garlic extract (AGE), 
Mormadica charratia and other extracts from 
Curcubits [31]. Table 6 shows the rate of 
polymerization and the percent inhibition of 
HbSS polymerization by various fractions of the 
leafy sample. When compared with 
Phenyalanine, a standard antisickling amino 
acid; the WAS, the FAS and BUS fractions 
showed remarkable antisickling effectiveness by 
inhibiting the process to varying  percentages of 
88.80%,98.35% and 95.82% respectively. It is 
quite outstanding that Moringa oleifera leaves 
extracts can inhibit sickle cell hemoglobin 
polymerization effectively. The antisickling 
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effectiveness of Moringa leaf extracts is 
comparable to those of the Curcubits [31]. Table 
7 shows the in vitro effects of the various 
fractions on Fe

2+/
Fe

3+
 ratio of HbSS blood. The 

extracts were able to improve the oxygen affinity 
of the erythrocytes and equally reversed the 
sickling or gelation process. Improvement in 
oxygen affinity is a positive indicator of 
antisickling effectiveness. Also the antioxidant 
role of Moringa oleifera leaf extract had been 
found to mitigate in memory impairment and in 
Neurodegenerative disorders [32]. There is no 
doubt that with the preponderance of antisickling 
amino acids, the high vitamin C concentration, 
polyphenols, flavonoids, tannins, alkaloids and 
other  phytomedicines [33,34,35]; Moringa leaves 
extracts  when properly formulated, may  be  a 
promising therapeutic  protocol  for the effective  
management of sickle cell disease and also, a 
positive indicator in the nutritional approach to  
the management of the syndrome. 
 

5. CONCLUSION  

 
The research work epitomized and revealed the 
medicinal and nutritious use of the leaves of 
Moringa oleifera. Based on various assays 
carried out, the leaves extracts were able to 
inhibit sickle cell hemoglobin polymerization, 
improve the oxidant status of erythrocytes by 
increasing the Fe

2+/
Fe

3+
 ratio. The 

preponderance and the high concentrations of 
amino acids, some of which have previously 
been shown to be antisickling, the high 
concentration of Ascorbic acid, the proximate  
and  phytochemical compositions;  all point to the 
fact that the plant really posses nutritional and 
medicinal benefits, which can be therapeutically 
beneficial  in the management of sickle cell 
disease(SCD). 
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