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Abstract
Sickle cell anemia is hemoglobin sis due to mutated S hemoglobin widespread in the black race. The aim of this
work was to determine some biological properties of erythrocytes with hemoglobin S in order to monitor the
efficacy of anti-sickle cell traditional treatments. 393 patients were taken from the Zou regional hospital in Benin
for hemoglobin electrophoresis, the Emmel test and the osmotic resistance of red blood cells. The hemoglobin
electrophoresis phenotyped 63.87% AA, 17.81% AS, 10.94% AC, 2.80% SS, 4.07% SC and 0.51% CC. The Emmel test
was positive in 100% of SS cases, 90% of AS cases and 93.75% of SC cases. The rate of sickle cell formation was less
than one hour in 100% SS and 72.73% SC. In the AS phenotype, the appearance of sickle-cell was rather progressive
(25% of cases in one hour, 35% in two hours, 20% in three hours and 20% in four hours) suggesting competition
between both types of hemoglobin. Compared to the AA phenotype, the osmotic resistance of the red cells increased
significantly in the AS phenotype and very significantly in the SS and SC phenotypes, indicating an increased
erythropoiesis compensating the sickle cell hemolysis. Hemoglobin S was associated with an excellent osmotic
resistance of red blood cells and the rate of sickle cell formation depended on the hemoglobin phenotype. These two
parameters can be used to monitor the efficacy of traditional remedies proposed to treat sickle cell anemia.
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Introduction

This work aimed to determine in vitro some

Sickle cell disease, also known as sickle cell anemia, is

properties of the red blood cells with hemoglobin S in

a severe hemoglobin opathy commonly encountered

order to monitor the efficacy of traditional remedies

in the black race. Clinically, it is manifested by a

proposed to treat sickle cell anemia.

chronic hemolytic anemia (Essono Mvo a et al.,
2004). It is the most common and severe form of

Material and methods

hemolytic anemia due to a structural abnormality of

Biological material

hemoglobin (Lab i e et al., 1984). Its diagnosis is

Blood was collected on EDTA in 393 consenting patients

made by several tests but the electrophoresis of the

at the Zou departmental hospital in Benin from March to

hemoglobin in alkaline medium constitutes the

June

technique
However,

commonly
this

hemoglobin’s

S

used
D,

In

these

samples,

hemoglobin

clinical

biology.

electrophoresis, the Emmel test and the osmotic

does

not

separate

resistance of the red blood cells were performed.

hence

the

method
and

2013.

in

need

for

complementary techniques to differentiate these two

Electrophoresis of hemoglobin

he mo globins (Segbena et al., 2002; Bardakjian-Mich

- Principle: It is based on the differential migration of

au et al., 2003).

hemoglobin’s in an electro phoretic field according to

Two types of hemoglobin sis are common in black
Africa. These are the S and C. These hemoglobin
opathies are caused by point mutations on the β chain of
normal hemoglobin A in position 6. Glutamic acid is
replaced by valine in hemoglobin S and lysine in
hemoglobin C. Both mutations offer protection against
malaria (Modiano, 2001; Benno Kreuels, 2010; Piel,
2013; Williams, 2016). The mechanism of this protection
would imply an alteration of the plasmodium traffic in
the red blood cell by the inhibition of the polymerization
of the cell act in (Cyrklaff, 2011).
Various treatments are available to treat or prevent

their electrical charges.
- Preparation of the hemolysate: Centrifuge at 3000
rpm of the blood taken on anticoagulant for five
minutes. The plasma and the float leucocytes were
removed and then the red cell pellet was washed three
times with physiological water at 3000 rpm for 5
minutes. In a tube, a drop of globular pellet was
hemolysed with six drops of the hemolyzing reagent
(1% sapronin solution).
Technique:
The two compartments of the migration tank were
filled to the mark with the Tris-Glycine buffer ph =

sickle cell anemia. Phototherapy or treatment of

8.4. The cellulose acetate membrane was soaked for at

diseases by medicinal plants is very encouraged by

least fifteen minutes. The humiliates were deposited in

the World Health Organization (WHO) in our

the wells of the sample vessel carrier. The membrane

developing countries with very poor populations

was then dried slightly between two sheets of blotting

(Jorim, 2012; Khan, 2013; Hughes, 2013). Testing the

paper to remove the excess buffer and then placed on

therapeutic efficacy of proposed plants to treat sickle

the rack of the migration tank (absorbing side up).

cell disease requires prior control of the biological

Using an applicator, the humiliates were removed and

parameters of the disease.

deposited on the cathode-side (-) of the membrane.

Previous studies investigated the effect of Justicia
secunda Vahl. extract on the solubility of haemoglobin S

The migration was made for one hour and thirty
minutes at 200 volts, 5mA.

and membrane stability of sickle erythrocytes (Mpiana et

- Preparation of Tris-Glycine Buffer pH = 8.4

al., 2010), antisickling property of Scoparia dulcis Linn.

• Trishy droxy methylamino methane 10.2g

leaves (Abere et al., 2015) and anti-sickling activity of

• EDTA 0.6 g

Ocimum gratissimum L. leaves extract (Tshilanda et

• Boric acid 3.2g

al., 2015).

• Distilled water QSP 1000ml
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Emmel test

Statistical analysis

- Principle: In the absence of oxygen hemoglobin S

Graphs were plotted using Graph pad software. In

polymerizes resulting in the formation of fibers that

each group, the different means were compared to

distort the blood cell and gives it a sickle aspect.

that of Hemoglobin AA using ANOVA one way,

- Technique: One drop of blood was deposited on a

Dennett’s Multiple Comparison Test. The significance

slide. A drop of 2% sodium metabi sulfite was added.

level was set at 5%.

Both drops were carefully mixed and the preparation

Results

was then covered without air bubble. The contours

The phenotypic distribution of hemoglobin in the

were sealed with a candle to prevent desiccation. The

study population

result was read the next day. The test was positive if

The results of the hemoglobin electrophoresis are

the erythrocytes took a form of sickle.

shown in Table 1.

Sickle cell formation speed

Of the 393 patients collected, 251 were AA phenotype

- Principle: the time taken by the red blood cell to

and represents 63.87% of the study. 70 patients were

turn into sickle.

heterozygous AS, accounting for 17.81% of the

- Technique: The Emmel test was read every 30

samples. 43 were heterozygous AC phenotype and

minutes for 4 hours and then the next day.

account for 10.94% of the cases. 11 were homozygous

Osmotic resistance test

SS and represent 2.80% of the total number of

- Principle: It was based on the ability of erythrocytes

patients. 16 had a heterozygous SC phenotype and

to resist to haemolysis in a hypotonic solution.

made 4.07%. Only 2 patients were CC homozygous

- Technique: Blood was diluted 1/200 in two salt

and made 0.51% of the study.

solutions of different concentrations. One was

The Emmel test was not positive in all carriers of

isotonic (0.9% Na C l) and the other hypotonic

sickle cell trait

(0.54% Na C l). Red cells were counted with a

The

Malassez cell. The ratio of the number of red blood

test

was

performed

on

samples

having

hemoglobin S. 97 AS, SS and SC phenotypes were

cells counted in the hypotonic solution over that of

diagnosed by electrophoresis. The result of the

the isotonic solution was the percentage of red blood

Emmel test was shown in Table 2.

cells resistant to hemolysis.
Table 1. Frequencies of different types of hemoglobin.
Hemoglobin
AA
AS
AC
SS
SC
CC
Total

Number
251
70
43
11
16
2
393

Frequency (%)
63.87
17.81
10.94
2.80
4.07
0.51
100.00

Table 2. Détection of sicklecell.
Emmel test

Number

Proportion en %

Total

Positive

Negative

Positive

Negative

Number

Proportion

AS

63

7

90

10

70

100

SS

11

0

100

0

11

100

SC

15

1

93.75

6.25

16

100

Total

89

8

91.75

8.25

97

100.00
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In general, sickle-cells were detected in 89 of the 97

15 samples out of 16 samples analyzed, I e 93.75%

samples, indicating 91.75% positivity of Emmel test in

of the cases.

all cases. 8 out of 97 samples remained negative. Of
the 70 AS samples analyzed, the Emmel test was

The rate of sickle cell appearance depended on the

positive in 63 cases, representing 90% of cases.

hemoglobin phenotype
42 samples were analyzed divided into 20 AS cases, 11

The test is positive in all 11 SS cases analyzed. In

SS cases and 11 SC cases. Their distribution according to

SC cases, we observed the presence of sickle cells in

the time of onset of sickle cell was recorded in Table 3.

Table 3. Proportion of samples positive for the Emmel test over time.
Time (h)
Hemoglobin
AS
SS
SC
Total

1

2

3

4

Total

N

P

N

P

N

P

N

P

N

P

05
11
08
24

25.00
100.0
72.73
57.14

7
0
0
7

35.00
00.00
00.00
16.67

4
0
3
7

20.00
00.00
27.27
16.67

4
0
0
4

20.0
0.00
0.00
9.52

20
11
11
42

100
100
100
100

E: Number; P: Proportion; (H): (hour).
In the AS samples, the test was positive in 5 cases

At the concentration of 0.54% Na C l, more than half

(25%) at the first hour, 7 other cases (35%) at the

of the AA cells are hemolyzed. The percentage of

second hour, 4 new cases (20%) at the third hour, and

resistant erythrocytes is on average 34 ± 15%. The

In the last 4 cases (20%) at the fourth hour. In SS

percentage of resistant erythrocytes significantly

samples, the test was positive in all cases from the

higher is above average in the other phenotypes. It is

first hour. As for the SC, the Emmel test was positive
in 8 cases (72.73%) from the first hour and in the 3
remaining cases (27.27%) in the third hour.
Hemoglobin S was associated with excellent osmotic

68 ± 16% for the AS phenotype; 76 ± 13% for the SS
phenotype; 75 ± 11% for the SC phenotype and 58 ±
10 % for the AC phenotype. Compared to the normal
AA phenotype, the increased percentage of resistant

resistance of erythrocytes

erythrocytes were significant in the AS phenotype (P

The percentage of red blood cells resistant to

<0.1) and highly significant in the SS and SC

hemolysis in a hypotonic solution (0.54% Na C l) was

phenotypes

determined for the different hemoglobin phenotypes.

resistance in the AC phenotype was not significant.

(P

<0.01).

The

increase

osmotic

The results were shown in Fig. 1.
Discussion
Sickle cell anemia is a hemoglobin opathy widespread
in the black race (Pagnier et al, 1984; Segbena et al,
2002). To test the efficacy of traditional medicines
proposed to alleviate sickle cell crises, a control of
biological parameters of disease is required (Abere et
al, 2015; Tshilanda et al, 2015; Amujoyegbe et al,
2016). For this purpose, this work was devoted to the
study of some parameters such as the rate of sickle
cell formation and the osmotic resistance of red blood
Fig. 1.

Osmotic resistance of different types of

hemoglobin.
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It revealed 63.87% AA subjects, 17.41% AS subjects,

All the Emmel test were positive after four hours. It is

10.94% AC subjects, 2.80% SS subjects, 4.07% SC

therefore essential to wait at least four hours of

subjects, and 0.51% subjects CC in the patient

reading before declaring a negative test performed by

population received at the Zou Departmental Hospital

this method. When we determined the osmotic

in Benin. This phenotypic distribution confirms that

resistance of erythrocytes in 0.54% Na Cl solution, the

previously found in the same department by other

percentage of hemolysis resistant erythrocytes was

authors (Chippaux et al., 1992).

only 34 ± 15% in the normal AA phenotype, less than
half the cases. The percentage of resistance in the AS

The Emmel test was positive in 100% SS cases, 94%

was 68 ± 16%. It was significantly higher than that of

of SC cases and 90% of AS cases. Hemoglobin D

the AA phenotype (P value <0.01). This high osmotic

migrates at the same rate as hemoglobin S. It is

resistance reflected a high proportion of young red

unlikely that we have cases of hemoglobin D in our

blood cells, as a result of hematopoiesis compensating

samples because this hemoglobin does not form sickle

for hemolytic anemia characteristic of hemoglobin S

cell and moreover it is especially characteristic of

(Benno Kreuels, 2010). Indeed, the increase of

Asian regions (Bardakjian-Michau, 2003; Oliver,

reticulocytes (young red blood cells) has been

2008; Aubry et al., 2012).

demonstrated in the blood of individuals with

To better study the characteristics of hemoglobin S,

hemoglobin S (Meier, 2013).

we then evaluated the rate of appearance of sickle-cell

In SS and SC phenotypes, hemolytic anemia was more

anemia in the various phenotypes of S. After one

severe than in the AS phenotype, hematopoietic blood

hour, the Emmel test was positive in all SS cases and

cell

in 72.73%, or about three-quarters of SC. The test was

preponderance of young erythrocytes in these

only positive in 25% of the AS, which demonstrates

samples could explain the extremely significant

the protective effect of hemoglobin A in the red blood

increase in osmotic resistance in these groups

cell of AS heterozygotes. This result was confirmed at

compared to the normal AA phenotype (76 ± 13% and

three hours when the test was positive in all SC cases

75 ± 11% respectively, P value <0.001). The osmotic

while there was still 20% of AS cases negative.

resistance of 58 ± 10, 23% in the AC phenotype was

Hemoglobin C did not provide the same protection to

also increased relative to AA. However, the increase

heterozygous SC erythrocytes as hemoglobin A to AS.

was not statistically significant. This phenomenon

This was not surprising because hemoglobin C is after

could be explained by the micro cytosis characteristic

all abnormal hemoglobin and the individual SC is also

of this phenotype (Orphaned, 2013) and not an

considered having the sickle cell disease (Rees, 2010;

increased production of young red cells as in the AS

Aubry et al., 2012).

case. Indeed, even in CC homozygotes erythropoietin

The time of onset of sickle cell disease increased

regeneration

was

deeply

increased.

The

was altered (Wickramasinghe, 1982).

progressively in the AS phenotype over time: 25%

Conclusion

positive after one hour, 60% positive after two hours,

Sickle cell hemoglobin S was associated with excellent

80% after three hours and 100% after four hours.

cellular osmotic resistance most likely due to the

Such an evolution could

a

youthfulness of the erythrocytes resulting from

quantitative variation of hemoglobin A from one

increased erythropoiesis. The sickle cells forming

individual AS to another. Sickle cell formation is due

speed varies depending on the hemoglobin phenotype

to the polymerization of hemoglobin S in hypoxic

and would function in AS heterozygotes relative to the

medium. It has been pointed out that the time

quantitative relationship between hemoglobin A, F

required for polymerization (delay time) also depends

and S in the red cells. Osmotic resistance and sickle

on the content of hemoglobin F which inhibits

formation speed can serve as a benchmark in

polymerization when it reaches 20%. (Bardakjian-

monitoring the effectiveness of traditional remedies

Michau, 2003, Oliver, 2008).

proposed to treat sickle cell disease.
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