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Potential of Justicia secunda vahl beverage against anemia and its correlated factors malaria and diarrhea

Abstract
Aims: This study aimed to investigate the in vivo antianemic activity and in vitro antiplasmodial and antibacterial activities of beverage and fractions from leaves of Justicia secunda. 
Methodology: The beverage was prepared according to the traditional method and was further partitioned using dichloromethane, ethyl acetate, and methanol. The beverage was firsly subjected to the determination of solute content and mineral analysis. After that, for antianemic assay, anemia was induced in rats by intraperitoneal administration of phenyl hydrazine at the dose of 40 mg kg−1 per day for two days. The antianamic potential was studied by given the bevrage orally to anemic rats at 157.14 mg kg−1  body weight, once a day during 14 days. The antibacterial potential was evaluated using broth microdilution method against 14 resistant strains of gastroenteritis. Beverage and its obtained fractions were subjected to the in vitro antiplasmodial study against the Chloroquine resistant (3D7) strain using SYBR green florescence assay. Beverage and promising fraction were further assessed for cytotoxicity and phytochemical studies. 
Results: The decrease of haematological parameters induced by phenylhydrazine were restored after 14 days of treatment compared to the negative control group. All extracts showed antiplasmodial activity with IC50 values ranging from 5.74 to 100.26 μg mL−1. Beverage exhibited moderate activity with MIC ≤1024 μg mL−1. Phytochemical screening indicated the presence of phenolic compounds, coumarins, saponosides and steroids. The extracts contain mineral elements, such as iron, zinc and copper. No extract was toxic on cells. 
Conclusion: Therefore, Justica secunda could improve a state of malaria anemia and diarrheal crisis.
Keywords: J. secunda, Infantile anemia, diarrhea, malaria, traditional beverage. 
1. Introduction

Anemia constitutes one of the most common public health problems in the world, affecting particularly African children under 5 years of age (60.2%)[1]. Anemia is a clinical conditions characterized by the deficiency of red blood cells due to hemolysis, loss or decrease of production. Several pathological conditions can create this deficiency specially undernutrition by installation of nutritional deficiences and infections like malaria by hemolysis of red blood cell which are responsible for 50% and 8% of all deaths recorded in children aged < 5 years, respectively in Africa [2,3]. Another cause of child mortality (5%) is diarrhea. It is a common occurrence that children suffer from diarrheal episodes repeatedly in a year [4,5]. Diarrhea weakens the absorptive capability of small intestine, and the children are deprived of the dietary micronutrients and, hence, endure deficiency of iron and other minerals in their body [6]. Iron Deficiency increases the inhibition of immunity, allowing the crossing of microbes and favoring the development of infections [7,8]. Then a vicious cycle between malnutrition and infections and debilitates preschool children is ever-present. In this regard, it is recommended to correctly diagnose the etiology of anemia, and proceed adequate therapeutic management i.e. antimalarial and/or antibiotic treatments accompanied with iron therapy to efficiently correct the deficiency [9]. Then patient is subject to many prescriptions of many drugs making treatment sometimes heavy. Furthermore the treatment of these causal diseases by modern medicine costs a lot to families especially those in Africa because the social environment, climate, and hygienic promote their avenues. Also, the resistance of pathogens to current therapies, the insufficiency of health infrastructure do not help to suistanable manage anemia. Thus, the development of new therapeutics purpose having the multiple effectiveness (both on iron deficiency and on the cause of its induction), safety and accessibility would be of greatest importance.
Plants could be resolving that challenge. Several plants have revealed multiple virtues antibacterial, antimalarial, sources of minrals and could improve access to primary health care of people with few resources. Different iron-rich medicinal plants have been extensively documented as being efficacious in the management of anemia and other ailments [10].
Among the plants recorded to manage anemia, a great number are found to be food plants that could be integrated into the diet, thereby justifying the growing interest in nutraceuticals. Beverage of Justicia secunda is used traditionally for the treatment of anemia in children, wound healing, abdominal pain and sickle cell disease [11,12]. J. secunda extracts are known to contain a variety of minerals (Iron, copper,zinc) and bioactive compounds many of which have been the focus of scientific investigation due to their potential health benefits such as antianemic, antioxidant (like vitamin C), anti-inflammatory, and antibacterial (gastroenteritis) effects. Some of the bioactive compounds found in J. secunda include flavonoids, alkaloids, phenolic compounds among others 4,5-di-O-caffeoylquinic acid, luteolin-7-O-β-D-apiofuranosyl-(1→2)-O-β-D-xylopyranoside which demonstrated a very good activity against Plasmodium falciparum, Trypanosoma brucei, and Staphylococcus aureus [13]. These compounds contribute to the plant's medicinal properties and are of significant interest for their potential applications in functional foods and natural products which recently have been very popular around the world. [14].
There are many traditional medications used for self-medication in the treatment of childhood anemia although there is little information on the effectiveness and safety of the products as well as contraindications. It is therefore necessary to evaluate effectiveness, guarantee the safety of medicinal plants, strengthen the knowledge of traditional herbalists and ensure adequate monitoring of patients. In order to promote the Cameroonian flora and contribute to the development of means of controlling childhood anemia, this work aimed to determine solute and mineral content, and the phytochemical profile, and to evaluate the anti-anemic, antiplasmodial and antibacterial properties of the beverage of J. secunda used to manage childhood anemia following the preparation and applications laid down by the herbalists.
2. Material and methods

2.1. Plant samples, Preparation of the extract and fractionation
The fresh leaves of the plant materials used in the work were collected from fields and home gardens in the city of Douala (04°03’N, 009°41’E). The plants were identified in their fresh state, and authenticated by botanists of the Institute of Medical Research and Medicinal Plant Studies of the Ministry of Scientific Research and Innovation, and confirmed by National Herbarium of Cameroon, Yaoundé (66983/HNC).
For extraction, the fresh leaves were harvested early in the morning and washed with tap water. The beverage was obtained based on the respective weights and times used in traditional medicine [15]. A total of 1L of tap water was added to 300 g of leaves, then the mixture was heated for 15 minutes after boiling and filtered (Whatman filter paper number 1). The freshly prepared beverages was directly used for the determination of solute content, phytochemical analysis, in vivo antianemic and in vitro antibacterial assays. About 5 L of filtered beverage were concentrated at 60 ° C using a rotavapor under standard conditions. The yields of the extract were stored in a refrigerator at 4 ° C for the experiments.
Partition of the aqueous extract was done using following description. About 1.5 g of the dried extract was dissolved in 5 mL distilled water and mixed vigorously in the presence of 5 mL dichloromethane and was allowed to decant. The dichloromethane phase was further collected and the process repeated twice. The same process was done with ethyl acetate and methanol. The dichloromethane, ethyl acetate and methanol phases were concentrated at 45°C under reduce pressure in a rotavapor. The residual fraction was dried for 24 h at 45°C in a stove for antiplasmodial and cytotoxicity assays.

2.2. Determination of solute contents of traditional beverage of J. secunda
One liter of filtered beverage was concentrated at 105°C to constant weight in an oven for 2 hours. The solute content was expressed in mg of dry residue per milliliter according to the formula:

Solute content = (M2 – M1) / V

M1: the mass in milligrams of the empty capsule; M2: mass in milligrams of the capsule containing the test portion after steaming; V: volume of the test portion in milliliters.

The results retained are the average of 3 determinations on different extractions.

2.3. Mineral analysis of traditional beverage of J. secunda
The mineral content of the extracts was analyzed by applying the method of Pinta [16]. Briefly, after drying the plant extract concentrates for 16 h at 70 ° C and allowed to cool for 30 minutes in the desiccator, 2 g of sample was put in a platinum capsule and oven-dried at 450 ° C for 2 h then cooled. The ashes were moistened with 3 mL of distilled water and 1 mL of concentrated hydrochloric acid. The mixture was heated on a hot plate until the first vapors appear, then filtered (Whatman paper number 1) the ashes and rinsed 4 times with warm water in a volumetric flask. The filter paper and its contents were incinerated for 30 min at 550 ° C. The ashes were moistened with 5 mL of hydrofluoric acid and then heated on a gentle hotplate at 100 ° C. One milliliter of concentrated HCl was added and washed with warm water and filtered. The volume was reduced to 100 mL and then cooled. This solution has been used for atomic absorption spectrometric assays of elements such as Fe, Cu, and Zn.
2.4. In vivo Anti-anemic activity

Young male Wistar albino rats aged 45 ± 5 days (average body weight 116 ± 6 g) were used for this study. They were housed in wire-mesh cages, having free access to water and food and were acclimatized for one week to the Laboratory conditions. Antianemic effects were tested by assessing the impact of beverage on hematological parameters in anemic Wistar rats. Hemolytic anemia was induced by intraperitoneal injection of phenylhydrazine at 40 mg kg−1 of body weight per day for two days [17]. Only rats which developed anemia characterized by a hemoglobin concentration of less than 11 g dL−1 were included in the study.

The experimental animals were then divided into 4 groups of five: three groups of anemic rats (named 1, 2, 3) and a control non anemic group (4). Group 1 received beverage, group 2 the reference drug, group 3 (anemic negative control) and group 4 (Control) distilled water. The beverage and reference drug in their respective dose level as shown below were mixed with the animal feed (4g per animal) and fed to experimental animals daily for a period of 14 days. 
Group 1: received oral single dose of traditional beverage of J. secunda (157.14 mg kg−1) 

Group 2 (Positive control): received oral single dose of reference drug ‘‘Vitafer forte’’ syrup 5ml containing 200 mg ferric ammonium citrate (41 mg iron element). Dosage for children under 5 years: 5 ml twice a day, 400 mg of ferric ammonium citrate (28.57 mg kg−1)

Group 3 (Anemic negative control): received distilled water. 

Group 4 (Control): received distilled water.

The dose level of extract fed to experimental animals was extrapolated from traditional usage of the plant which is usually oral administration of a quarter of a glass (250 mL) for children aged 2-5 years (average 14 kg). The extract is administered 2 times daily for 14 days [8].
On days D1 and D14, rats were anesthetized and approximately 1 mL of blood was collected in EDTA tube by retro orbital venous plexus puncture. The samples were used for red blood cell count, determination of hemoglobin, hematocrit using an automatic blood cell counter (Sysmex XN-1000).

All data were represented as means ± SD. One way analysis of variance (One-way ANOVA) followed by Least Significant Difference (LSD) test were used to determine differences between groups at P≤0.05 using SPSS version 16.0 for windows.
2.5. In vitro antibacterial activity of plant extracts

Five reference strains from an American type collection and 9 clinical isolates were used, all responsible for gastroenteritis. Clinical isolates of E. coli, E. aerogenes, K. pneumoniae, S. aureus were isolated from patients who came for consultation at ADLUCEM Hospital in Bafang City (Cameroon). S. enterica serotypes typhi was obtained from the Pasteur Center in Cameroon, while the isolates of P. stuartii and S. aureus came from the University of the Mediterranean in Marseille (France) and the University of Tokyo (Japan).  The characteristics of these different strains and isolates are summarized in Table 1 (Table 1). These microorganisms were maintained at 4 ∘C on Mueller Hinton Agar. 

The bacterial growth inhibitory potential of the extracts was evaluated in vitro by the Clinical and Laboratory Standard Institute (CLSI) liquid microdilution method using p-iodonitrotetrazolium chloride (INT) as a bacterial growth indicator for the determination of minimum inhibitory concentrations (MIC) [18]. In each well of a 96-well microplate, 100 μL of Mueller Hinton Broth culture broth was introduced. Then, 100 μL of extract (Traditional beverage or extract at 4096 μg mL−1) freshly prepared were mixed in the upper wells then followed a series of successive geometric dilutions of order 2. Finally, a volume of 100 μl of the inoculum was supplemented in each well. Ciprofloxacin was used as a positive control at concentrations ranging from 128 to 1 μg mL−1. Each plate contained two negative controls, one containing only the broth, the other containing the broth and the inoculum at 1.5x106 CFU mL−1. To obtain a bacterial concentration of 1.5x106 CFU/mL, the microorganisms were cultured in solid culture medium (Mueller Hinton Agar) for 24 h. one colony was diluted in 10 mL of sterile distilled water to obtain an optical density between 0.10-0.13 at 600 nm. The plates were carefully covered and sealed with paraffin paper and incubated at 37°C for 18 h. The tests were carried out in triplicate and repeated 3 times on different days. The revelation was carried out using a 2% p-iodonitrotetrazolium chloride solution (40 μLper well), followed by reincubation at 37°C for 30 min. The MIC retained was the lowest concentration of extract for which no change in INT coloring was observed [19].
Table 1 : Details of bacterial strains and isolates used in the study 

	Bacteria  
	Characteristics
	References

	Gram- 

	E. coli 
ATCC10536 

E.C 99 

E.C 136 
	Reference strains 

Clinical isolate: IMPS, AUGI, NORS, CFMS, CROS, CIPS, ANI, CHLS 

Clinical isolate: IMPS, AUGR, NORS, CFMS, CROS, CIPS, ANS, CHLS
	[20]

	E. aerogenes 
ATCC 13048 

ENT 118 

ENT 119 

ENT 144 
	Reference strains 

Clinical isolate: IMPS, AUGR, NORS, CFMS, CROS, CIPS, ANS, CHLS 

Clinical isolate: IMPS, AUGI, NORS, CFMS, CROS, CIPS, ANI, CHLS 

Clinical isolate: IMPS, AUGR, NORR, CFMS, CROS, CIPS, CHLR 
	[20]

	K. pneumoniae 
ATCC 11296 

KL 111 
	Reference strains 

Clinical isolate: IMPS, AUGI, NORS, CFMS, CROI, CIPS, ANI, CHLS 
	[20]

	S. typhi 
ATCC 6539 
	Reference strains
	[20]

	P. stuartii 
NEA 16 
	Clinical MDR isolate, AcrAB-TolC
	[21]

	S. flexneri
	Clinical isolate
	

	Gram+ 

	S. aureus
	
	[22]

	ATCC 25923
	Reference strains
	

	ST 113
	Clinical isolate : IMPS, AUGS, AMS, DOS, VAS, ES 
	[20]


AN: amikacin, AM: ampicillin, AUG : augmentin, CHL: chloramphenicol, CFM: cefxime, CIP: ciprofoxacin, CRO: cefriaxone, DO: doxycyclin, E: erythromycin, IMP : Imipenem, NOR: norfoxacin, VA: vancomycin. R: resistant, S: sensible, and I: intermediate
2.6. In vitro antiplasmodial activity of plant extracts

The antiplasmodial activity of the plant extracts was evaluated against the 3D7 strain of P. falciparum resistance to chloroquine. This strain is maintained in continuous culture in the laboratories of the Biochemistry Division of the “CSIR-National Chemical Laboratory” (India). Parasites were cultured at 2% hematocrit in RPMI-HEPES medium at pH 7.4 supplemented with hypoxanthine at 50 µg/ml, NaHCO3 at 25 mM, gentamicin at 2.5 µg mL−1, and AlbuMAX II (Gibco) at 0.5% (wt/vol). To obtain enriched ring stage parasites, a standard sorbitol synchronization method was used [23].
The assays used to determine IC50s for P. falciparum were carried out in a 96-well plate format by SYBR green staining-based parasitaemia determination [24,25]. The plates were ﬁrst seeded with 2 μL of 60 mg/mL plant stock solutions (in pur DMSO and sterilised water 1:1) followed by the addition of 198 μL of media and mixing. A dilution sequence was carried out by mixing the mixtures of each column well. Each 96-well plate also included positive control (chloroquine at 5 μM mL−1), RBCs and iRBCs suspensions. The range of concentration of plant extract was between 0.14 - 300 μg mL−1. Hematocrit and parasitemia were maintained for both at 2%. The assay was done in triplicate. Assay plates were incubated for 60 h under optimal growth conditions (5% O2, 5% CO2 and 37 °C), followed by staining with 25 µL of 10 X SYBR Green staining solution. Fluorescence readings were obtained after 15 min of incubation at 490 nm and 525 nm with a GloMax plate reader (Promega). The raw ﬂuorescence readings were then processed using Microsoft Excel spreadsheets for IC50 estimations. For the evaluation of the in vitro antiplasmdial screening of extracts and fractions the following criteria were adopted: IC50 ≤ 5 µg mL−1: pronounced activity; 5 < IC50 ≤ 10 µg mL−1: good activity; 10 < IC50 ≤ 20 µg mL−1: moderate activity; 20 < 9 IC50 ≤ 40 µg mL−1: low activity; IC50 >40 µg mL−1: inactive [26]. Promising fraction and beverage were selected for cytotoxicity and phytochemical profile studies.

2.7. In vitro cytotoxicity of plant extracts

The cytotoxicity profile of extracts was assessed using the resazurin based assay essentially as described by O’ Brien et al. [27] against the Human Foreskin Fibroblasts cell line (ATCC-HS68) maintained in culture at the laboratories of the Biochemistry Division of the “CSIR-National Chemical Laboratory” (India). Cells were cultivated in complete Dulbecco′s Modified Eagle′s Medium (DMEM) that contain 13.5 g L−1 of DMEM (Sigma Aldrich), 10% fetal bovine serum (Sigma Aldrich), 0.2% sodium bicarbonate (w/v) (Sigma Aldrich) and 50 μg mL−1 of gentamicin (Sigma Aldrich). Shortly, cells were seeded into 96-well cell-culture plates at a density of 106 cells in 100 μL/well and placed in incubation for 24 h at 37℃, 5% O2, and 5% CO2 allowing cell adhesion. Following adhesion, beverage and promising fraction were added at concentrations ranging from 100 to 0.78 µg mL−1 in triplicate and microplates were incubated for 48 h under the same experimental conditions. Growth control (1% DMSO-100% growth) were included in the experimental plates. After incubation, 10 μL of a solution of resazurin (100µM) to each well followed by an additional incubation of 10 h in the same culture conditions. Fluorescence was then read using a GloMax plate (Promega) Microplate reader at an excitation/emission of 571/585 nm. The results were expressed as 50% cytotoxic concentrations (CC50) and selectivity indices (SI=CC50/IC50 Pf3D7) were calculated for each test substance using Microsoft Excel spreadsheets.

2.8. Phytochemical Screening

Qualitative phytochemical screening based on color reactions or precipitation by specific chemical reagents was performed on beverage and ethyl acetate fraction. The different chemical groups (Alkaloids, Flavonoids, Coumarins, Saponins, Polyphenols, Tannin, Terpenoids, and Steroids) were characterized by referring to the techniques described by Harbone [28].
3. Results

3.1. Determination of solute contents of traditional beverage of J. secunda
The proximate solute content of the leaves beverage of J. secunda obtained using the traditional method is 17.60±0.72 mg mL−1. This value was then used to determine the dose for the study. 

3.2. Mineral analysis of traditional beverage of J. secunda
The beverage of J. secunda showed presence of some minerals as well as Fe (340.50 ± 1.00 mg kg−1 MS), Zn (236.80 ± 0.80 mg kg−1 MS), Cu (147.50 ± 0.50mg kg−1 MS).

3.3. Effect of extract on hematological parameters

Anti-anemic activity was evaluated using the phenyl hydrazine in an animal model. Phenylhydrazine administration had a damaging effect on the hematological parameters of rats. This was seen in the significant (P<0.05) decreases of red blood cell, hemoglobin and hematocrit levels (Table 2) as the rats became anemic when compared with the control group. The values were ranged from 4.50 ± 0.87 to 5.11 ± 0.43 106 μL−1, 9.42 ± 1.57 to 10.48±0.49 g L−1, 26.5 ± 4.63 to 30.44 ± 2.68 %, respectively for red blood cell, hemoglobin and hematocrit levels in anemic groups against 7.72±0.05 106 μL−1, 13.60 ± 0.50 g L−1 43.58 ±1.21 %, respectively for red blood cell, hemoglobin and hematocrit levels in control group. The Red blood cell, Hemoglobin and Hematocrit levels of the anemic treated group increased (P<0.05) significantly with a percentage values ranging from 32.82 to 68.99% when compared with that of the anemic untreated group at the 14th day. The group treated by the beverage indicated a significant increase of Red blood cell, Hemoglobine and Hematocrit level between 32.82 to 44.94 %. The values of the group treated by the beverage are similar to control group while those of anemic group remain unchanged.
Table 2: Changes in hematological parameters of experimental animals during treatment.

	Groups
	Red Blood Cell level (106 µL−1)
	Hemoglobine level (g dL−1)
	Hematocrit

(%)

	
	Day 1
	Day 14
	Day 1
	Day 14
	Day 1
	Day 14

	Group 1 (Beverage of J. secunda)
	5.11 ± 0.43s
	6.87 ± 0.57

(+34.37%)*#
	10.48 ± 0.49s
	13.92 ± 0.45

(+32.82%)*#
	30.4 ± 2.68s
	44.12 ± 5.42

(+44.94%)*#

	Group 2 (Positive control)
	4.62 ± 0.38s
	7.62 ± 1.05s
(+65.02%)*#
 
	10.00 ± 0.83s
	14.32 ± 0.53s
(+43.20%)*#
	27.22 ± 0.58s
	46.00 ± 13.15

(+68.99%)*#

	Group 3 (Anemic Negative control)
	4.50 ± 0.87s
	4.66 ± 1.03s
(+3.64%)

 
	9.42 ± 1.57s
	9.88 ± 1.79s
(+4.88%)
	26.5 ± 4.63s
	25.94 ± 3.79s
(-2.1%)

	Group 4 (Control)
	7.72±0.05
	6.32±0.03

(-18.12%)
	13.60±0.50
	13.24±1.13

(-2.64%)
	43.58±1.21
	46.66±7.97

(+7.06%)


Values are mean ± Standard Deviation for five rats in each group. s significantly compared to control values (Group 4), * significantly compared to anemic control percentage values (Group 3), # significantly compared to control percentage values (Group 4) (P < 0.05).

3.4. Antibacterial activity

Table 3 presents the MICs of J. secunda beverage. J. secunda was active on all strains tested, with MICs ranging from 4.4 to 0.256 mg mL−1. The MICS showed strong antibacterial activity against the S. flexneri strain (256 µg mL−1) (Table 3).
Table 3 : Minimum inhibitory concentrations (MIC in mg mL−1) of J. secunda extract 

	Strains
	Beverage (17.6 μg mL−1)
	Extract (4096 μg mL−1)
	Ciprofloxacine

	E. coli 

ATCC 10536
	4.4
	ND
	0.008

	EC 99
	4.4
	ND
	0.032

	EC 136
	4.4
	ND
	0.016

	S. typhi 
ATCC 6539
	ND
	1.024
	0.008

	E. aerogenes

ATCC 13048
	4.4
	ND
	0.004

	ENT 118
	ND
	1.024
	0.002

	ENT 119
	4.4
	ND
	0.008

	ENT 144
	4.4
	ND
	0.008

	K. pneumoniae 

ATCC 11296
	ND
	1.024
	0.064

	KL 111
	4.4
	ND
	≤0.001

	 S. aureus

ATCC 25923
	4.4
	ND
	0.016

	ST 113
	ND
	1.024
	0.008

	S.flexneri 

SFB118
	ND
	0.256
	≤0.001

	P. stuartii
NEA16
	4.4
	ND
	0.004


ND: Not determined

3.5. Antiplasmodial activity and cytotoxicity of the tested products

The in vitro antiplasmodial activities parameters (IC50) against the 3D7 strain, the in vitro cytotoxic parameters (CC50) and the selectivity indices (SI) of the different extracts are reported in Table 4. IC50 values were classified following criteria adopted by Muganza et al. [26]. IC50 ≤ 5 μg mL−1: strong activity; 5 < IC50 ≤ 10 μg mL−1: good activity; 10 < IC50 ≤ 20 μg mL−1: moderate activity; 20 < IC50 ≤ 40 μg mL−1: low activity; IC50 > 40 μg mL−1: inactive. According to these criteria and as shown in Table 4 (Table 4), ethyl acetate and dichloromethane fractions showed a good antiplasmodial activity with IC50 values of 5.74±0.08 and 9.68±0.24 µg mL−1, respectively. With an IC50 > 40 μg mL−1, beverave was inactive. Ethyl acetate extract and beverage were showed CC50 higher than 100 µg mL−1 on HFF cells. Ethyl acetate extract was also selective with SI of 17.42. 

Table 4 : Antiplasmodial activity on  P. falciparum  strain 3D7, cytotoxicity and selectivity indices of the tested products
	Extracts 
	IC50 (µg mL−1)
	CC50 (µg mL−1)
	SI (CC50/CI50)

	Beverage/Decoction 
	77.88±4.47
	> 100
	> 1.28

	Dichloromethane 
	9.68±0.24
	ND
	ND

	Ethyl acetate
	5.74±0.08
	> 100
	> 17.42

	Methanol
	100.26±11.09
	ND
	ND


IC50: Inhibition concentration 50%, CC50: cytotoxic concentration 50%, each value represents the average and standard deviation obtained from 3 different measurements; SI : selectivity index ; ND: Not determined.

3.6. Qualitative phytochemical composition of plant extracts

Phytochemical analysis of bevarage revealed the presence of different classes of secondary metabolites namely coumarins, phenolic compounds, saponins and steroids and the absence of quinones, flavonoids and tannins. Ethyl acetate faction presented strong presence of phenolic coumpounds (Table 5).

Table 5 : Qualitative Phytochemical Constituents of plant extracts
	Compounds/ Extracts
	Beverage
	Ethyl acetate

	Alkaloids
	-
	-

	Anthraquinones
	-
	-

	Coumarins 
	+
	-

	Flavonoids
	-
	-

	Phenolic compounds
	++
	++

	Saponins
	+
	-

	Steroids
	++
	-

	Tannins
	-
	-

	Terpenoids
	-
	-


-: Absent, +: Present, ++: Indicates strong presence
4. Discussion
Drugs based on herbs have become a common form of therapy because they are often considered as being natural and therefore inoffensive. Today they are one of the hottest trends and most sought after in the field of nutrition or herbal therapeutics. Justicia secunda is a largely uncultivated plant known locally for its use in traditional medicinal preparations. The beverage from the decoction of leave is used for self-medication in the treatment of childhood anemia although there is little information on the effectiveness and safety of the products as well as contraindications. In this study the proximate solute content of the leave beverage of J. secunda obtained using the traditional method was determined at 17.60±0.72 mg mL−1. This value indicates the traditional doses regarding solute content.

Phenyl hydrazine administration in rats causes oxidative stress, generates reactive oxygen species (ROS) in red blood cells (RBC) and cell lysis [29]. In addition to hemolysis of the RBC, phenyl hydrazine also modifies iron metabolism by increasing ferrous transporter (DMT1) expression in the spleen, duodenum and liver [30]. These decrease hematological parameter levels and stimulate a self-recovery (positive response of bone marrow) process through the iron metabolism pathway. However, this may not appear immediately. Effect of restoring hematological blood parameters in treated groups could be due to the presence of some elements that made it possible such has minerals (like iron, zinc and copper) and secondary metabolites. These elements could reduce the action of the ROS and increase request of iron. Activities of medicinal plants are based on their composition in bioactive components. Bioactive compounds revealed in the traditional beverage of J. secunda in this study belong mainly to coumarins, phenolic compounds, saponins and steroids. The results showed also the absence of quinones, flavonoids and tannins. Except alkaloids these results were similar to those reported by Mea et al. [31].
Bacteria are responsible for gastric system disorders such as diarrhea, which is one of the risk factors for childhood anemia. Diarrheal diseases are responsible for energy losses and also lead to nutrient malabsorption [6,32]. They can also occur during a state of anemia in the child facilitated by the weakness of the latter's immune system and by poor hygiene [6,33]. This study was also to verify that the extract traditionally used in the treatment of childhood anemia have antimicrobial activity on bacterial species in the digestive system. With MICs values ranging from 4.4 to 0.256 mg mL−1 on all strains tested and CC50 > 100 µg mL−1, J. secunda beverage is could be considered as potential and safe alternative against bacterial infections. The observed activity could be due to the different classes of phytochemicals found, their quantities, and the possible interactions with other constituents of the extract.
Ethyl acetate faction only presented strong presence of phenolic compounds different to anthraquinones, coumarins, flavonoids and tannins. The pharmacological action of phenolic compounds is associated with two properties: on the one hand, their antioxidant properties and the second hand, their ability to bind to proteins, which can lead to the inhibition of enzymatic activities (lipoxygenase, peroxidase, xanthine oxidase, glucosidase, galactosidase). which have antioxidant properties [34,35]. This could justify the good antiplasmodial activity of Ethyl acetate fraction and its good selectivity. 
5. Conclusion

The results obtained from this investigation have indicated the solute content of traditional beverage of J. secunda and the presence of some minerals like iron, zinc and copper. The decrease of haematological parameters (haemoglobin, red blood cells, hematocrit) induced by phenylhydrazine were significantly restored after 14 days J secunda-based oral treatment in rats. The ethyl acetate fraction from beverage showed a promising antiplasmodial activity, good selectivity indice. Strong antibacterial and good innocuity profile of beverage show that J. secunda could be a save and promising source for pharmaceutical preparations with hemopoietic actions and associated with antiplasmodial and antibacterial efficacy. This justifies the use of the plant leaf in the management of anemia.
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