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Comparative phytochemical study and antioxidant activity of a hemiparasitic plant (Tapinanthus bangwensis Engl. & Krause, Loranthaceae) and its host (Guiera senegalensis, Combretaceae)

Abstract 
Background : Guiera senegalensis is a plant of the Senegalese flora which is sometimes parasitized by another plant called Tapinathus bangwensis. These two species are used in traditional medicine against various ailments.
[bookmark: _GoBack]Aims/Objective : The aim of this study was to conduct a comparative study between the parasitic plant (Tapinanthus bangwensis) and its host (Guiera senegalensis) with regard to their chemical composition and antioxidant activity.
Methods : Phytochemical screening of the two plants leafy stem, was carried out by coloring and/or precipitation reactions. The total polyphenol contents were evaluated by the Folin-Denis method and the flavonoid content by a method using aluminium chloride (AlCl3) and sodium nitrite (NaNO2). As for the antioxidant activity, it was evaluated by DPPH and FRAP methods.
[bookmark: _Hlk208571422][bookmark: _Hlk208577585]Results : The same chemical groups were identified in both plants. However, T. bangwensis was richer in total polyphenols than G. senegalensis with respective contents of 184.27 ± 3.21 and 179.46 ± 1.32 mg EAG/g of dry extract. Thus, T. bangwensis extract showed more antioxidant activity than G. senegalensis extract with respective IC50 of 5.94±0.04 µg/ml and 6.36±0.02 µg/ml. 
Conclusion : The parasitic plant has a better antioxidant activity which could be due to its greater richness in secondary metabolites, in particular, polyphenols.
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1. Introduction
Plants represent a veritable source of biologically active metabolites such as alkaloids, saponins, sterols, triterpenes, polyphenols, etc. Phenolic compounds constitute a family of organic molecules widely present in the plant kingdom. They are characterized, as their name suggests, by the presence of several phenolic groups associated in a more or less complex structure, generally of high molecular weight [1].
[bookmark: _Hlk208675810]Parasitic plants possess a specialized structure called a haustorium (haustoria in the plural) that penetrates the stem or root of their host and form a vascular connection with it. Through the haustorium, they suck water or sap from their victim. Hemiparasites are content to use the water and minerals that their host have drawn from the soil, but will still need to photosynthesize [2]. Tapinanthus bangwensis is a hemiparasitic plant of the Senegalese flora found in several plant species such as Guiera senegalensis. The latter is used against cough, respiratory congestion and fever [3,4] and is prescribed as an antitussive, hypertension and hypotension as well as venereal diseases [3], to ease breathing and to treat lung and bronchial disorders. It is also used against malaria fever [5].  As for T. bangwensis harvested from G. senegalensis, it is often use against epilepsy, asthma, candidiasis of mucous [6].  
The objective of this work was to conduct a comparative study between the parasitic plant (Tapinanthus bangwensis) and its host (Guiera senegalensis) with regard to their chemical composition and antioxidant activity.
2. Materials and methods
2.1.  Plant material
The plant material consisted of leafy stems of Guiera senegalensis (Combretaceae) and Tapinanthus bangwensis (Loranthaceae). These drugs were harvested from the same plant in Sindia, Mbour Department (Thiès Region, Senegal). Both plants were identified at the Pharmacognosy and Botany Laboratory of the Faculty of Medicine, Pharmacy, and Odontology (FMPO) at Cheikh Anta Diop University of Dakar (UCAD). The leafy stems were dried in a well-ventilated room away from light before being ground into powder using an electric grinder equipped with a medium-sized sieve. The resulting powders were used for extractions.
2.2.  Extraction
Twenty-five (25) grams of leafy stem powder of Guiera senegalensis and                       Tapinanthus bangwensis were separately boiled under reflux in 500 ml of ethanol/water mixture (80/20; v/v) for 30 minutes. To stabilize the boiling, pumice stone was added. After filtration, the hydro-ethanolic solution thus obtained was evaporated using a rotary evaporator to give a concentrate which was dried in a desiccator. This results in a hydro-ethanolic dry extract (HEE) for each plant. HEE were used for characterization tests, determination of total polyphenols and flavonoids and for the evaluation of antioxidant activity.
2.3.  Phytochemical screening 
The main phytochemical families were searched for using staining and/or precipitation reactions, referring to the tests described by Bassène [7], Bekro et al. [8] and Longanga et al. [9]. The aim was to highlight the presence of some chemical groups in the hydro-ethanolic extract of The leafy stem hydro-ethanolic extract of G. senegalensis and T. bangwensis.
2.4.  Total polyphenol contents 
The total polyphenol (TP) contents of the HEE of both plants were evaluated by the colorimetric method using the Folin-Ciocalteu reagent according to the protocol of Magalhaes et al. [10]. 
Thus, the samples were treated in triplicate (n=3) by mixing in each test tube, 200 µl of sample at 200 mg/l, 100 µg of Folin-Ciocalteu reagent and 1700 µl of Na2CO3 at 2.36%.
The tubes were then vortexed for 10 seconds and incubated at 450 C for 45 min. Absorbances were measured at 760 nm against a methanol blank using an Evolutive 300 UV-Visible spectrophotometer. A calibration range made with gallic acid at different concentrations (0-2-4-6-8-10-12-14 µg/ml) was treated in the same way as the samples in order to obtain a calibration line. The results are expressed in mg gallic acid equivalent per gram of dry extract (mg GAE/g) and presented as the mean plus or minus the standard deviation from the mean (SEM).
2.5.  Flavonoids contents
The method described by Zhishen et al., [11] was used with minor modifications. For this,        400 µl of sample (or standard or distilled water for the control) was placed in a glass haemolysis tube with 120 μl of 5% NaNO2. After 5 minutes of incubation, 120 μl of 10% AlCl3 was added and mixed in the vortex. Then 800 μl of 1 M NaOH was added 6 minutes later. After homogenisation, the absorbance was read immediately at 510 nm against the control. The test was repeated 3 times for each sample (n = 3). A calibration range performed with rutin at different concentrations (0 ; 5,54 ; 11,08 ; 16,62 ; 22,16 ; 22,7 ; 33.24 ; 38,78 ; 44,32 µg/ml), was treated in the same way as the samples. The results were expressed in milligram rutin equivalent per gram of dry extract (mg RE/g).
2.6.  Antioxydant activity
2.6.1. Radical scavenging assay
[bookmark: _Hlk208575704]The determination of the DPPH free radical scavenging activity of samples was done using the described method [12]. An ethanol solution of DPPH was prepared by dissolving 4 mg of DPPH in 100 ml of ethanol, followed by a cool incubation between 4-8° for at least 16 hours. An aliquot of each sample (0.8 ml) at appropriate concentration was added to 3.2 ml of ethanol solution of DPPH. The extracts and ascorbic acid were tested at different concentrations. The absorbance of each sample was measured at 517 nm after 30 min. Each experiment was done in triplicate. The antioxidant activity related to the DPPH free radical scavenging effect was expressed as IC50 (concentration of sample required to scavenge 50% of free radicals).
2.6.2. FRAP assay  
The ferric reducing power was determined according to the described method [6]. An aliquot of 0.20 ml of each sample at appropriate concentration was mixed with 0.5 ml of phosphate buffered saline (0.2 M ; pH 6.6) and 0.5 ml of 1% potassium ferricyanide (K3Fe(CN)6). The mixture was incubated at 50 °C for 30 min and 0.5 ml of 10% trichloroacetic acid was added. After centrifugation for 10 minutes at 3000 rpm, the supernatant (0.5 ml) was mixed with distilled water (0.5 ml) and 0.1% ferric chloride (0.1 ml). The experiments were done in triplicate. Absorbance was measured at 700 nm. Ascorbic acid was used as positive control. Absorbance increasing relatively to that of concentration represented the reducing capacity of tested sample.
2.7.  Statistical analyses 
Data were expressed as mean ± SD. Statistical analysis were done by Statview 4.5 software using the Fischer test. The difference was considered as significant when p  0,05.
3. Results
3.1.  Extraction yields 
Extraction of 25 g of leafy stem powder from the two plants under study, yielded 9.69 g and 11.58 g for G. senegalensis and T. bangwensis, respectively. The extraction yields were then 19.38% for the host plant (G. senegalensis) and 23.6% for the parasitic plant (T. bangwensis).
3.2.  Phytochemical Screening
 Phytochemical characterisation tests, carried out on the hydro-ethanolic extracts of the plant's leafy stem, gave the results mentioned in Table 1.
3.3.  Total Polyphenol contents 
[bookmark: _Hlk208578193]The total polyphenol contents were calculated using the equation y=0,034x+0,0367 ; R2=0,9994. They are deduced from the equation of the straight line illustrated in Figure 1. The HEE of the leafy stems of the parasitic plant (T. bangwensis) had a higher total polyphenol contents than that of the host plant (G. senegalensis) with respective values of 184.27 ± 3,21 and 179.46 ± 1.32 mg EAG/g of dry extract (Figure 2).
3.4. Flavonoids contents
[bookmark: _Hlk208657094][bookmark: _Hlk208657241][bookmark: _Hlk208578377]The calibration line of equation y=0.0071x+0.0071, R²=0.9986, obtained with rutin is illustrated in Figure 3. The flavonoid contents of the two samples, deduced from this equation, are represented in Figure 4. The HEE of the leafy stems of T. bangwensis had a higher flavonoid content than that of G. senegalensis with respective values of 437.93 ± 2.04 and 190.75±2.14 mg EAG/g of dry extract (significant difference, p < 0.05.
3.5. Antioxidant activity 
      3.5.1. DPPH assay 
[bookmark: _Hlk208657795]The leafy stem hydro-ethanolic extract of G. senegalensis and T. bangwensis significantly inhibit the DPPH radical (p<0.05 versus negative control) at all concentrations tested and, in a concentration dependent manner. The concentrations of sample required to scavenge 50% of free radicals (IC50) was 6,36±0,02 and 5,94±0,04 μg/ml respectively for G. senegalensis and     T. bangwensis. Ascorbic acid solution used as reference, had an IC50 value of 1,13 ± 0.01 μg/ml (Figure 5). 
     3.5.2. FRAP assay 
The hydro-ethanolic extract reducing activities of the leafy stem of G. senegalensis and                 T. bangwensis are illustrated in Figure 6. The results of the FRAP test confirmed those of the DPPH test. Indeed, T. bangwensis had a greater reducing power than G. senegalensis at all tested concentrations. Reducing power are more than 50% for all samples at any concentration. 

Table 1 : Chemical groups identifed in the hydro-ethanolic extracts of G. senegalensis and                               T. bangwensis leafy stem

	Chemical groups
	Samples

	
	G. senegalensis
	T. bangwensis

	Alcaloids
	+

	+

	Saponins
	+
	+


	Phenol compounds
	+
	+

	
Tannins
	Condensed
	+
	+

	
	Hydrolyzables
	+
	+

	Flavonoids
	+
	+

	Cardiotonic glycosides
	_
	_

	Sterols and triterpens
	+
	+
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Figure 1 : Calibration line obtained with gallic acid



Figure 2 : Total polyphenol contents of samples

GS : Guiera senegalensis extract ; TAP : Tapinanthus bangwensis extract
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Figure 3 : Calibration line obtained with rutin





Figure 4 : Flavonoid contents of samples

GS : Guiera senegalensis extract ; TAP : Tapinanthus bangwensis extract


Figure 5 : IC50 of samples on DPPH test

GS : Guiera senegalensis extract ; TAP : Tapinanthus bangwensis extract ;  AA : Ascorbic acid solution


Figure 6 : Reducing percentage of different samples on FRAP test
GS : Guiera senegalensis extract ; TAP : Tapinanthus bangwensis extract ;  AA : Ascorbic acide solution
4. Discussion  
The aim of this study was to conduct a comparative phytochemical study between a hemi-parasitic plant (T. bangwensis) and its host (G.senegalensis). The drugs studied consisted of the leafy stems of both plants. The extraction of the leafy stem powder from both plants was carried out with an ethanol/water mixture (80/20; v/v). The choice of this solvent system is based on the fact that ethanol, being polar, has the capacity to extract hydrophilic compounds such as polyphenols but also certain non-heterosidic compounds such as alkaloids and certain lipophilic constituents [13]. Water, on the other hand, is a good extraction solvent for polar phytochemical compounds such as flavonoids and tannins, which are polyphenolic compounds. The combination of these two solvents then allows for a broader extraction spectrum. Indeed, it has been noted that polymers insoluble in ethanol and water could be dissolved in an ethanol/water mixture [14].
The results obtained show that the parasitic plant (T. bangwensis) had a higher extraction yield than the host plant (G. senegalensis) with respective values of 23.16 and 19.38 %. This could be explained by increased metabolic activity, or an adaptive strategy aimed at producing more secondary metabolites to ensure its survival as a hemiparasitic organism [15].
Phytochemical studies carried out on the samples revealed the presence of several chemical families. The same chemical groups were identified in both plants. It was about flavonoids, tannins, alcaloids, sterols and triterpenes. The difference may lie in the active ingredient levels.
Thus, total polyphenols and flavonoids were quantified for extracts from the host plant and its parasite.
It was noted that the HEE of the leafy stems of T. bangwensis was richer in total polyphenols than the EHE of the leafy stems of G. senegalensis, with respective contents of 184.27 ± 3.21 and 179.46 ± 1.32 mg EAG/g of dry extract. The quantification of flavonoids, a subfamily of polyphenols, corroborates the results of the dosage of total polyphenols with contents of     437.93 ± 2.04 and 190.75±2.14 mg ER/g for T. bangwensis and G. senegalensis, respectively.
Regarding the evaluation of the HEE antioxidant activity of the two plants studied, two methods were used : DPPH and FRAP.
The DPPH method is based on the ability of an antiradical to stabilize the purple DPPH free radical by transforming it into pale yellow DPPH, H+, by trapping a proton [16]. This results in stopping the chain reaction and forming a more stable, resonance-stabilized polyphenol radical. As for the FRAP method, it is based on the ability of a compound to reduce the ferric ion (Fe3+) to the ferrous one (Fe2+). In this mechanism, a polyphenol acts as an electron donor, transferring an electron to the free radical to neutralize it. The reducing capacity of ferric ion seems to be related to the degree of hydroxylation and extend to the conjugation in phenolic compounds [17]. The results obtained showed that T. bangwensis significantly inhibited the DPPH free radical more than G. senegalensis, with IC50 of 5,94±0,04 and 6,36±0,02 μg/ml, respectively.
The FRAP test confirm results obtained with the DPPH method. Thus, at all concentrations tested, the hemiparasitic plant exhibited better reducing powers than the host plant.
Antioxidant activity (anti-radical and reducing power) appears to be linked to the content of phenolic compounds, the levels of which are higher in the HEE of T. bangwensis. Among these polyphenols, Flavonoids which are 2.29 times higher in the HEE of the leafy stems of                   T. bangwensis than in the HEE of those of G. senegalensis could have a large part of this antioxidant activity.  
[bookmark: _Hlk208675049]Oxidative stress is now recognized as a key phenomenon in the onset of several pathologies such as cardiovascular diseases [18]. The use of plant-based antioxidants could therefore prevent the onset of these diseases.
In view of these results, hemi-parasitic plants could be used in herbal medicine to reduce the pressure on the resource made up of host plants, some of which are classified as endangered plants. However, toxicity studies are needed to verify the safety of the parasitic plant.

5. Conclusion
These studies showed that the hydro-ethanolic extract of G. senegalensis (host plant) and              T. bangwensis (parasitic plant) present similar chemical compounds. However, when it comes to polyphenols, the parasitic plant is richer in them, resulting in better antioxidant activity for T. bangwensis. 
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