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Abstract The aim of this study was (1) to compare the phytochemistry of different organs of Curcurma longa and
assess the antisickling activity of C. longa different apart from the rhizome. In the present study, it was shown that
besides the rhizome, other organs of this plant can also have interesting pharmacological properties. The chemical
screening of different organs of C. longa showed that secondary metabolites are not distributed in the same
proportion in different parts of the plants and each part presents a different phytochemical profile. The rhizome is
the storage organ of the plant and contains most of phytoconstituents (anthocyanins, bound quinones, alkaloids,
tannins, triterpenoids and free quinones) as found in other organs of the plant. Nevertheless, an advanced
phytochemical study is required in order to characterize the phytoconstituents of each organ and then highlight the
similarity or not of these chemical compounds. The antisickling activity was evaluated using Emmel test, total
methanolic extracts of rhizome, leaves, roots and floral parts (petals and sepals) used in this study showed a high
activity. The minimal concentration of normalization was 31.25 pg/ml for the total methanolic extract of leaves and
62.5 pg/ml for other organs. This study demonstrated that C. longa could be used as an alternative for the treatment
of sickle cell anemia. Bioguided fractionation studies are useful for identifying the (s) active ingredients and/or the
synergy between different phytoconstituents.
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1. Introduction
Curcuma longa is a perennial herb belonging to the family of Zingiberaceae. The intense cultivation of this plant is

due to the use of rhizomes in the different recipes than medicinal [1-5]. The powdered rhizome is used as a food
spice to enhance food flavor, food conservation and as a coloring agent for food and textiles, even in cosmetic
products, dyes and medicines [12]. They are used in Ayurvedic medicine for treating asthma, allergies, hepatic
disorders such as jaundice, anorexia, rheumatism, colds and sinusitis, etc. [1-4]. In Chinese medicine, they are used
to treat abdominal pain and they are also recognized for their anti-inflammatory properties. Thus, centuries of
rhizome uses of this plant as a food and traditional medicine have shown its safety [1-3].
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In vitro and in vivo studies in animals and humans have shown that extracts of rhizomes of C. longa have broad
pharmacological potential such as anti-cancer, anti-inflammatory, healing, cholesterol-lowering, hypoglycemic, anti-
Alzheimer's, antiplasmodial, anti-inflammatory, antioxidant, antibacterial, antifungal, anti-venom, antipyretic,
analgesic, inhibits the action of the integrase of HIV-1 replication and integrase protein of HIV-1, protects against
diabetic retinopathy and numerous other pathologies [6-7]. The rhizomes of C. longa and other species of the genus
are related to the presence of abundant terpene essential oils, as well as quasi-exclusive molecules and specific
Zingiberaceae: the diarylheptanoids (curcuminoids) whose leader is curcumin that it is considered as responsible of
most pharmacological actions [8-10]. Curcuminoids, the coloring principles of the drug, are also the most interesting
compounds at the medicinal level [2, 12]. Other major curcuminoids are demethoxycurcumin, bis-
demethoxycurcumin and cyclocurcumine which were recently identified [4]. The phytochemical screening studies
by Boukri [11], revealed the presence of alkaloids, gallic tannins, flavonoids, cardiac glycosides, anthocyanins,
anthraquinones, terpenoids and volatile compounds in the extracts of C. longa rhizomes [12].

An overview of previous studies on Curcuma longa, has allowed us to see that the majority of these studies focused
only on the rhizomes of the plant. Studies on other parts of the plant: leaves, roots and floral pieces remain poor or
unrealized. What justifies the realization of this study of which the purpose was to compare the phytochemistry of
different organs C. longa. Later, this simple phytochemical screening could raise the interest characterizing the
secondary metabolites of various organs of C. longa. Furthermore the bioguided fractionation of these extracts from
different organs of C. longa could open doors to the discovery of new active ingredients. Most of these studies were
focused only on the rhizome extracts of the plant and then no studies on antisickling activity have been reported.
This justifies our interest in evaluating the antisickling activity of extracts from various organs of C. longa L.

Sickle cell disease is a hereditary and genetic blood disorder in which the normal hemoglobin A is replaced by sickle
hemoglobin S. The affected red blood cell takes the form of a holly leaf, sickle and solidifies. Transmission is
autosomal recessive i.e. the two copies of the same gene (one from each parent) must be carriers of the abnormality
for the disease to be expressed. In this case, parents are generally not affected by sickle cell disease, but they hold
the line and have a normal gene that compensates for the mutated gene.

At the molecular level, it is a point mutation caused by the substitution on the a-chain of globin in position 6, a
glutamic acid (negatively charged) by valine (neutral). This mutation reduces the affinity of hemoglobin for oxygen
and substantially reduces the solubility of hemoglobin S in its non-oxygenated form (deoxyHbS). Thus, once the
oxygen partial pressure drops, the hemoglobin S becomes very slightly soluble. Then it polymerizes with other
hemoglobin S molecules and crystallizes in the red blood cell becoming sickle. Sickling predisposes red blood cells
to early hemolysis [18]. In fact, the sickle red blood cells are stopped by the filter which is the spleen where they are
all destroyed. This destruction causes a decrease red blood cell and thus a regenerative anemia, called sickle cell
anemia [12].

In addition, the sickle red blood cells can clog small blood vessels and then block blood flow. A poorer blood
oxygenation and blood vessel occlusion in sickle cell patients lead to acute chronic pains, severe bacterial infections
and necrosis [13]. Chronic manifestations of sickle cell disease involve a delay of height and weight as well as
nutritional deficiencies [12]. The disease is reported in infants but is usually not manifested at birth because the red
blood cells of newborns still contain 50-90% of fetal hemoglobin. The symptoms of this disease can appear from the
age of six months [12]. It is estimated that every year in the world, and mostly in low- and middle-income, more
than 300,000 children are born with sickle cell disease. About 5% of the world population are healthy carriers of the
sickle cell gene. This percentage reaches 25% in some areas (tropical regions of Africa) [13]. Sickle cell disease that
was formerly considered a disease from tropical regions only is now throughout the world due to the population
migration [13, 14, 25].

The epidemiological status of the disease in the world today is characterized by several major facts: the lack of
effective antisickling chemotherapy at the clinical level and predictive genetic or early clinical marker of individual
severity and the basic care of sickle cell patients based on heavy treatments with risks such as toxicity, erythrocyte
incompatibility reaction graft against host [23-24]. Because of the high loss of human lives in the world due to sickle
cell disease [14, 21] whose the most vulnerable layer is made of children under 5 years old [14]. Several treatment
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methods have been used such as bone marrow transplantation, gene therapy, blood transfusion and the taking of
hydroxyurea in order to relieve patients. It turns out that these treatments are not only ineffective and very expensive
for the poor African populations but can also be a risk of HIVV/AIDS contamination [14, 17, 24].

Henceforth, the need for an alternative therapy is required. Nowadays, the best solution is to incorporate medications
based on plants in the health system as a therapeutic alternative. Currently, herbal medicine is used as an alternative
in Africa precisely in DRC giving relief to sickle cell patients. As a matter of fact, natural products are a possible
source of new types of drugs that can generally fight against several diseases and particularly against sickle cell
anemia.

The positive impact of medicinal plants in the treatment of sickle cell disease is well established nowadays. In
Democratic Republic of the Congo, precisely in the natural products and medicinal chemistry laboratory where the
phytochemical investigation of Professor Mpiana’s research team of University of Kinshasa confirmed the
antisickling activity of more than 100 Congolese plants. This activity would have been due to anthocyanins [14-22].

2. Materials and Methods

2.1. Plant material

The following plant materials: rhizomes, roots, leaves and flower parts (sepals and petals) of C. longa were used.
The plant was identified at herbarium of the National Institute of Studies and Agronomic Researches, Faculty of
Sciences, University of Kinshasa.

2.2. Collection and sample conditioning

First, the plant was cultivated in monoculture in an experimental setting and different organs were harvested. The
harvest of rhizomes and roots was made at the beginning of July 2015. Besides, rhizomes were used to cultivate new
plant in order to harvest the leaves and floral parts. The floral parts were harvested in November 2015; and it was
observed that C. longa renews its petals everyday i.e. each 24 petals degrade in order to be replaced by other newly
formed. Thus the removal of the petals was performed every day (between 22 November and 12 December 2015).
The leaves were collected 5 months after the cultivation of the plant.

Different ways were used for drying the samples:

- Rhizomes and roots were dried at laboratory temperature under shade. First, they were cut into small pieces in
order to increase the contact surface with heat. The drying process for rhizomes lasted up to a month. Leaves were
also cut into small pieces and dried at 30 °C in the incubator (Melag Nur Fir Wechselstrom).

- The floral parts were only dried at laboratory temperature under shade. After drying samples, these were ground
using an electric grinder.

2.3. Phytochemical screening.

The phytochemical screening is a chemical screening that includes a number of qualitative analysis that allows their
identification of secondary metabolites present in a certain sample. The detection of these chemical groups is
performed through color and precipitation reactions occurring with the addition of specific reagents [12, 13].

2.4. Assessment of the antisickling activity

2.4.1. Biological Material

Blood samples used in our experiments were taken from Centre de MédecineMixteetd’ Anémie SS (CMMSS) from
sickle cell patients. In the lab, the blood samples obtained were stored in the refrigerator and performed Emmel’s
test 24 h later to ensure that these blood samples obtained from the hospital were really taken from sickle cell
patients.

.
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2.4.2. Obtaining total methanol extracts

Using a balance, 25 g of roots and rhizomes, 20 g of leaves, 3.69 g of sepals and 5 g of petals were weighed
respectively and then were macerated in 75 ml of methanol for 24 hours. The macerated were filtered using a filter
paper and then put in an oven for 5 days. The antisickling activity of total methanolic extracts from different parts of
C. longa was evaluated by Emmel’s test, as described by several authors, including [14-24].

3. Results and discussion
3.1. Phytochemical screening.
The experimental results of phytochemical tests on different extracts of C. longa organs are indicated in Table 1
below.
Table 1: Phytochemical screening on different organs of C. longa

Search of phytochemical compound Used parts
Aqueous Extract Chemical groups Rhizomes Roots (bulbs) Leaves Sepals Petals
Aqgueous Polyphenols +++ +++ +++ +++ +
Flavonoids - - - - -
Anthocyanins ++ - ++ ++ -
Leucoanthocyanins - - - - -
Bound Quinones ++ - - - -
Alkaloids +++ +++ +++ +++ ++
Tannins +++ +++ - ++ -
Saponins - - - - -
Organic Steroids and triterpenoids  +++ ++ ++ ++ -
Free Quinones +++ +++ - - -
Legend:
+++ indicates a very strong concentration
++ indicates an average concentration
+ indicates a weak concentration

- indicates zero presence

The analysis of results as reported in Table 1 shows that:

- Secondary metabolites are not distributed in the same proportion in the tissues of C. longa organs. Almost the
majority of phytoconstituents detected in extracts of leaves, roots, floral parts (petals and sepals) were also
highlighted in the extracts of rhizomes. This could be justified by the fact that the rhizome is the place of storage
of metabolites. Nevertheless, it has to be noted that phytoconstituents (Flavonoids, Anthocyanins,
Leucoanthocyanins, Bound quinones, Alkaloids, Tannins, Saponins, Steroids, triterpenoids and Free Quinones)
distributed in different organs of C. longa are not necessarily identical at the structure level. Henceforth, the need
for advanced phytochemical analyzes.

- Regarding steroids and triterpenoids, Table 1 indicates the existence of a mixture of two phytoconstituents in an
average amount in roots and leaves extracts. This presence is certified by a violet color of extracts just after the
addition of Lieberman Burchadat reagent. On the contrary, the presence of large quantities of individually
triterpenoids was revealed in the rhizomes while that of steroids has been demonstrated in the sepals. As
mentioned above, the triterpenoids have a purple color while steroids have a green color after the addition of
Lieberman Burchadat reagent in plant extracts.

- A strong presence of total polyphenols and alkaloids was revealed in rhizomes, roots, leaves and sepals extracts
while this presence was low in petal extracts.

- The average content of anthocyanins content was revealed in extracts of rhizomes, leaves and sepals. This
presence is relatively zero in roots and petals extracts.
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- Astrong presence of free quinines was revealed in rhizomes and roots extracts. However, this presence is zero in
leaves and floral parts extracts (sepals and petals). The presence in average amount of free quinones was
revealed only in the rhizome extracts. The presence of saponins was null for all the samples.

The petals extracts analysis revealed that total polyphenols were in small quantities and alkaloids in average
quantity. Other phytoconstituents are virtually absent. We believe this may be due to the influence of conditioning
and drying this section of the plant after harvest. Indeed, in our study, we noticed that after the harvest of the petals
where these are not well conditioned (cut into small pieces and spread in a less humid and ventilated), they softened
a few hours after. And then when drying the petals cut beforehand to small pieces and spread on a nylon bag at
laboratory temperature became soft and reduce the intensity of their coloring. We believe that this decrease in color
and consistency is due to the degradation of these phytoconstituents. The results of this study go along with [11] but
have some divergence. The phytochemical screening conducted by [11] revealed the presence of alkaloids, gallic
tannins, flavonoids, cardiac glycosides, anthocyanins, anthraquinones, terpenoids and volatile compounds.

3.2. Evaluation of the antisickling activity of different extracts

3.2.1 Extraction yield

After extraction with methanol and drying in the oven, we obtained 0.71 g and 0.4 g of rhizomes and roots
respectively. Then, out of 20 g of leaves, 3.69g of sepals and 5 g of petals 5g, we obtained 1.12g, 0.23 g and 0.19 g
of methanol extracts respectively.

3.2.2 Evaluation of the antisickling activity of different extracts

Figures below illustrate the morphology of the SS blood erythrocytes and their structure in the presence of total
methanolic extracts from different organs of C. longa. Figure 1 shows that all cells have the sickle form under
hypoxia conditions.

1a. Control (SS blood alone)

1b. SS blood + Total methanolic extract of the leaves (62,5 pg/ml).

)

-
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1c. SS blood + Total methanolic extract of the rhizomes (500 pg/ml).

1d. SS blood + Total methanolic extract of the petals (125 pg/ml)

le. SS blood + + Total methanolic root extract (1 mg/ml)

1f. SS blood + + Total methanolic extract of the petals sepals (125 pg/ml)
Figure 1: Morphology of untreated sickle blood (1.a) or SS blood treated with plant extracts under hypoxia
conditions (b-f) (X500), [NaCl 0.9%; Na2S205 2%)].
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On the contrary, remaining figures illustrate microscopic preparations with plant extracts showing different forms of
sickle cells under the same conditions. The cells were found to have their normal or biconcave form. We believe that
these changes result from the presence of total methanolic extracts of different organs of C. longa.

The extracts from all parts of the plant have shown an interesting antisickling activity. The minimum normalization
concentration was of 31, 25ug/ml for the total methanolic extracts of the leaves and of 62.5 pug/ml for other organs.
These results confirm our hypotheses: (i) extracts of C. longa rhizomes have antisickling activity and (2) besides the
rhizome of C. longa considered as the interesting part pharmacologically, other organs of the plant as well have
pharmacological properties.

Mpiana [15-22] and Ngbolua [24] reported the antisickling activity of plants is generally due to anthocyanins and
organic acids from plants. Boukri[11] reported that rhizomes, leaves and sepals of C. longa have large amounts of
anthocyanins after screening these organs. These chemicals could be at the basis of the antisickling activity of
extracts of different organs of C. longa.

Besides the action of anthocyanins, we believe that the antisickling activity of the extracts from the organs of C.
longa could also result from the presence of curcuminoids, including curcumin of which is attributed the
responsibility for major pharmacological properties of this plant (such as anti-cancer, anti-inflammatory, healing,
cholesterol lowering, hypoglycemic, anti-Alzheimer, antiplasmodial, antioxidant).In addition, it was reported also
that curcumin and its derivatives inhibit the oxidation of hemoglobin at a low concentration, or 0.08 mM [26].

The content of curcuminoids in total organic extracts rhizomes of C. longa ranges from 5-8%. Curcuminoids are
pigmented principles of the rhizome of C. longa powder and they are rich in phenolic molecules of which 50 to 60%
are represented by the curcumin mixture (diféruloylméthane) up to 70-76% of monodemethoxycurcumin (16%) and
bisdemethoxycurcumin [1-4].

Conclusion and Recommendations

In view of the results found in this study, we think that besides the rhizome of C. longa, other organs of the plant
also have interesting phytoconstituents that deserve a particular phytochemical exploration. These phytoconstituents
could be used in the pharmaceutical and/or food processing. As well this study demonstrated for the first time that
total methanolic extracts from different organs of C. longa have antisickling activity. At part from the remarkable
pharmacological properties of C. longa reported by numerous studies, this plant could be used for the manufacture
of herbal medicines that can be useful in the treatment of sickle cell disease.

Further studies are needed for:

The dosage of different phytoconstituents of C. longa different organs is required in order to determine the content
of these compounds in the whole plant. As well, the separation, characterization and/or identification of these
secondary metabolites through bioguided fractionation for C. Longa different organs are also required in order to
highlight the similarity or the difference of the active compounds and extract anthocyanins, organic acids and
curcuminoids. At last, the achievement of pharmacological studies in order to assess their antisickling, antibacterial,
antiparasitic, antifungal, antioxidant, hypoglycemic activities and toxicological studies of the extracts from leaves,
roots, floral parts of C. longa.
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