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1. INTRODUCTION 

Reactive oxygen species are highly free radicals formed 

by exogenous chemicals or endogenous metabolic 

processes in the human body. They are capable of 

oxidizing macrobio-molecules viz nucleic acids (DNA), 

proteins, lipids and can initiate different degenerative 

diseases like neurological disorders, cancer, emphysema, 

diabetes, asthma, rheumatism, cirrhosis, atherosclerosis, 

arthritis, etc. Antioxidants are responsible for the defense 

mechanism of the organism against the pathologies 

associated to the attack of free radicals, and thus, the 

intake of plant-derived antioxidants is involved in the 

prevention of degenerative diseases caused by oxidative 

stress, such as cancer, Parkinson, Alzheimer, 

atherosclerosis and other (Lakshmibai and Amirtham, 

(2018). They are compounds that stop or reduce the 

oxidation of other. Free radicals are associated with the 

development of a number of chaos in human body such 

as several diseases cited above. To get rid of such 

diseases of free radicals, antioxidant substances are 

needed to protect the individual life (Ayoub and Metha, 

2018). 

 

To study the antioxidant activity, several chemical and 

biochemical protocols had been used in the evaluation of 

antioxidant activity of plant extracts, fractions, synthetic 

constituents and other. They include chemiluminescence 

(CL), croton bleaching, low density lipoprotein (LDL) 

oxidation, total oxidant scavenging capacity (TOSC), the 

oxygen radical absorbance capacity (ORAC), cupric-
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ABSTRACT 

Aqueous extract, its soluble fractions chloroform, ethylacetate, n-butanol and residual aqueous, as well as 80% 

methanol extract and polysaccharides from Morinda morindoides leaves were submitted to the evaluation of their 

potential antioxidant activity against some selected reactive oxygen species (ROS) including DPPH (2,2’ diphenyl-

1-picrylhydrazyl), ABTS (2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonate or 2,2-azino-bis-ethylbenzothiasoline 

sulfonic acid), superoxide anion O
2●-

, hydroxyl HO
●
 and hydrogen peroxide H2O2. Acute and sub-acute toxicity of 

aqueous extract was also evaluated in experimental Wistar rats. Results showed that aqueous extract and its soluble 

fractions, and 80% methanol extract exerted pronounced antioxidant activity by inhibiting the activity of selected 

reactive oxygen species with IC50 values < 10 µg/ml. 80% methanol extract exhibited high activity with IC50 values 

ranging from 2.05±0.00 to 3.52±0.01 µg/ml compared to aqueous extract and its soluble fractions with IC50 values 

from 3.25±0.01 to 9.81±0.02 µg/ml. All soluble fractions displayed this activity with IC50 values ranging from 

4.16±0.02 to 9.81±0.02 µg/ml. Polysaccharides exhibited this activity with IC50 values from 15.05±0.03 to 

52.06±0.02 µg/ml. Flavonoids quercetin, rutin and quercetrin exhibited antioxidant activity with IC50 values from 

3.15±0.03 to 25.60±0.01 µg/ml while kaempferol, kaempferol-3-O-rutinoside and kaempferol-7-O-

rhamnosylsophoroside displayed this activity with IC50 values ranging from 7.82±0.01 to 25.06±0.03 µg/ml. In 

acute and sub-acute toxicity, aqueous extract did not induce mortality in treated animals at the highest oral dose of 

5000 mg/kg body weight [(LD50) > 5000 mg/kg body weight)]. It was devoid with considerable influence on vital 

organ weights, serum electrolytes, haematological and biochemical parameters of treated rats. Thus, it was found to 

be practically non-toxic and safe by oral route. Thus, the aqueous extract from M. morindoides leaves can be used 

for the prevention of the occurring of some diseases mainly cardiovascular in humans. 
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reducing antioxidant capacity (CUPRAC), ferric 

reducing antioxidant power (FRAP), total radical-

trapping antioxidant potential (TRAP), 

phytomolybdenum, potassium ferricyanide, chelating 

metal, peroxynitrite scavenging assays, against 2,2-

diphenyl-1-picrylhydrazyl (DPPH), 2,2′ azinobis(3-

ethylbenzothiazoline-6-sulfonic acid (ABTS), superoxide 

anion (O
2●-

), nitric oxide (NO), hydrogen peroxide 

(H2O2), hydroxyl radical (HO
●
) among others. 

Biochemical protocols are based on animal models for in 

vitro and in vivo evaluations of oxidative stress 

biomarkers based on hydrogen atom transfer or single 

electron transfer mechanisms (Aliyu et al., 2019) for 

various medicinal plant extracts, their fractions, natural 

and synthetic products. Reactive oxygen species, 

produce as products of metabolic reactions, are widely 

intercorrelated in biological system controlling processes 

such as growth, regulation of environmental stress, 

development, and defense mechanisms. Due to the 

toxicity of these reactive molecules, the ameliorative 

effect of radical scavengers has become a targeted 

research area related to many disease preventions 

(Ayoub and Metha, 2018). Uncontrolled generation of 

ROS was known to cause redox imbalance and oxidative 

stress which was harmful and responsible for various 

diseases cited above, etc. Conversely, live organisms can 

develop complex system of enzymatic and non-

enzymatic anti-oxidant defences which can counteract 

the harmful effects of free radicals (Mukhopodhay et al., 

2016). 

 

Antioxidants can either be natural or synthetic products. 

Natural antioxidants can be obtained through diet in the 

form of fruits, spices, vegetables, etc. Synthetic 

antioxidants such as butylated hydroxytoluene and 

butylated hydroxyanisole also diminish oxidation, but 

they have been proved to be dangerous to humankind. 

Therefore, the investigation for non-toxic antioxidant 

substances has increased in the recent years (Ayoub and 

Metha, 2018). 

 

Medicinal plants have been regarded as primary source 

of secondary metabolites showing fascinating differents 

biological actions among which antioxidant activity. 

Normally, their chemical constituents are the chief 

sources of a number of structural preparations endowed 

with different biological properties. Well-known 

examples of these secondary metabolites involve 

alkaloids, polyphenols, flavonoids, glycosides, 

polysaccharides, anthraquinones, iridoids, tannins, 

steroids, terpenes, reducing sugars, carbohydrates, 

cyanogenic glycosides, and saponins, etc. exerting 

interesting antioxidant activity in vitro and in vivo tests 

(Embuscado, 2015; Cardoso, 2019; Sofia et al, 2019). 

Recently, it has been reported that the natural 

antioxidants from therapeutic plants defend from lethal 

and detrimental consequences of free radicals. According 

to the World Health Organization (WHO), it has been 

estimated that 80% of the world’s population depend on 

folklore medicine for their chief health-care necessities 

and the remedy mostly involves medicinal plant extracts 

and their bioactive constituents (Ayouba and Metha, 

2018). 

 

Morinda morindoides (Baker) Milne-Redhead 

(Rubiaceae) is one of the most popular medicinal plants 

currently used in Democratic Republic of Congo 

(DRCongo) and other African countries to treat various 

diseases including amoebisis, fever and malaria, 

rheumatism, diabetes, abdominal pains, tiredness, 

diarrhea, intestinal worms, haemorrhoids, cutaneous 

infections (mycosis, gale and scabies), urogenital 

infections (gonorrhoea) and other. The aqueous decoct of 

the leaves is used as a tonic and stimulant of appetite, 

mixed to other plants such Mangifera indica bark and 

Tetracera poggei leaves to treat diabetes, etc. Leaves are 

the main part used since the preparation of an aqueous 

decoct which is the principal preparation used to treat 

various ailments and diseases, is known by all people 

and need not the presence of a practitioner (Kambu, 

1990a, 2009, Newinger, 2000). 

 

Moreover, the plant from DRCongo was also submitted 

to many scientific studies to evaluate in part some of the 

biological activities of extracts and isolated compounds 

in relation of its traditional uses as well as the isolation 

of constituents. Biological activities include 

antispasmodic (Kambu et al., 1990b; Tona et al., 2000; 

Cimanga et al., 2010), antiamoebic (Tona et al., 1998, 

2009; Cimanga et al., 2006a,b, 2018), antidiarrheal 

(Mbamu et al., 2019a), antibacterial, antiviral, and 

cytotoxic (Cimanga, 1997a; Mbamu et al., 2019b), 

antifungal (Walo , 1985), antiplasmodial (Tona et al., 

2001, 2004; Cimanga et al., 2008) and anticomplement 

(Lasure et al., 1994 ; Cimanga et al., 1995b, 1997a,b, 

2003) activities in vitro and/or in vivo. The isolated 

constituents concerne anthraquinones (Cimanga, 1997a, 

Cimanga et al., 2006a), flavonoids (Cimanga et al., 

1995a,; Cimanga. 1997a,b) and iridoid aglycones and 

iridoid glycosides (Cimanga et al., 2003) isolated from 

M. morindoides leaves.  

 

The present investigation was undertaken to assess in 

vitro antioxidant activity of extracts, fractions, 

flavonoids, iridoids and polysaccharides from Morinda 

morindoides leaves and to evaluate acute and sub-acute 

toxicity of aqueous extract from the leaves of this 

medicinal plant. 

 

2. MATERIALS AND METHODS 

2.1. Plant material 

Leaves of Morinda morindoides (Baker) Milne-Redhead 

(Rubiaceae) were collected in Kimwenza, Kinshasa, 

capital of DRCongo. The plant was identified for the first 

time in Ocober1990 at the Institut National d’Etudes et 

de Recherche en Agronomie (INERA), Faculty of 

Sciences, Department of Biology, University of 

Kinshasa.  
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Figure 1: Morinda morindoides leaves, flowers and fruits. 

 

A voucher specimen of the plant was deposed in the 

herbarium of this institute and in the laboratory of 

Phytochemistry and Pharmacognosy at the faculty of 

Pharmaceutical Sciences of the same university. A new 

batch of plant material was collected in October 2019 for 

the present study. Leaves were dried at room temperature 

and reduced to powder with an electronic blender and the 

obtained powder were kept in brun bottles before use to 

avoid contamination and deterioration. 

 

2.2. Preparation of extracts and partition 

60 g of powdered leaves were soaked with 400 ml 

distilled water and boiled on a hotplate at 100
o
C for 15 

minutes. Next, the mixture was cooled and filtrated on a 

paper filter Watman N
o 

1. The filtrate was evaporated in 

vacuum using rotary evaporator yielding dried extract 

named as Mms-1 (53.87 g). An amount of 20 g of Mms-

1 extract were dissolved in 200 ml distilled water, 

filtrated and the filtrate extracted successively and 

exhaustively with solvents of different polarities as 

chloroform, ethylacetate, n-butanol. All fractions 

including residual aqueous phase were evaporated in 

vacuum as described above yielding corresponding dried 

extracts denoted as Mms-1.1 (4.75 g), Mms-1.2 (5.05 g), 

Mms-1.3 (3.25 g) and Mms-1.4 (6.15 g). On the other 

hand, 30 g of the plant material were macerated with 

80% methanol for 24h and filtrated giving a methanol 

macerate. After, the marc was exhaustively percolated 

with the same solvent giving a percolate. Macerate and 

percolate were combined and treated as described above 

yielding dried methanolic extract named as Mms-2 

(25.71 g).  

 

2.3. Extraction and purification of polysaccharides  

2.3.1. Water soluble polysaccharides 
The method proposed by Liu et al., (2016) was used for 

extraction, separation and purification of 

polysaccharides. About 20 g of aqueous Mms-1 extract, 

was dissolved in 100 ml distilled water, filtered, and the 

volume of the filtrate was reduced to 10 ml with rotary 

evaporator. After, about a five-fold volume of ethanol 

95% was added into the filtrate for polysaccharides 

precipitation. The solution was then placed in a 

refrigerator at 4°C for 24 hours giving a white precipitate 

after this period. The precipitate was filtrated and dried 

in hot at 50
o
C to give a dried white extract denoted as 

CP-Mms (crude polysaccharides: 16.63 g). This extract 

gave positive test with phenol/H2SO4 (red-violet colour) 

for polysaccharides. The polysaccharide concentration 

was determined with the phenol-sulfuric acid method at 

481 nm (Liu et al., 2016).  

 

2.3.2. Purification of polysaccharides 

The crude polysaccharides sample CP-Mms (15 g) was 

purified by gel column chromatography on DEAE-

cellulose put in deionized water and dumped the clarity 

supernatant liquid. After, 500 ml of NaOH 0.5 mmol/L 

were added for 30 minutes, bathing the cellulose with 

water until neutral. It was then soaked in 500 ml of HCl 

0.5 mol/L for 30 minutes and treated as described above 

for bathing, and the process was repeated three times. 

Now, the DEAE-cellulose was ready for use. The crude 

polysaccharides CP-Mms was dissolved in deionized 

water and centrifuged, and the supernatant was loaded 

onto a new DEAE-cellulose column (40g, 60 × 2.5 cm, 

internal diameter), which was eluted with deionized 

water and NaCl 0.1 M solution in order. The elution 

(3 ml) was collected and carbohydrates content 

determined based on the phenol-sulfuric acid method at 

481 nm absorbance (Liu et al, 2016). The crude 

polysaccharides CP-Mms was separated on Sephadex 

LH-20 (40g, 60 x 2.5 cm) into chromatographically pure 

4 fractions, which were then dried at hot at 50
o
C until 

constant weight and coded as PF-Mms- -1 (4.75 g), PF-

Mms-2 (2.50 g), PF-Mms- 3 (3.38 g) and PF-Mms-4 

(4.67 g) (Zhao et al., 2015; Liu et al., 2016).  

 

2.4. Isolation of flavonoids and iridoids 

Flavonoids were isolated from 80% methanol extract 

(maceration) by different chromatograhic methods 

including column on silicagel (60 Å, 70-230 mesh, 

Merck, Germany) eluted with CHCl3/MeOH in different 

proportions and by prepative on silcagel plates (thickness 

layer 1 mm, Merck, Germany) using BAW: 4/1/5 (upper 

phase) as mobile phase resultting in the isolation of 

eleven flavonoids quercetin, quercetin 7,4′-

dimethylether, luteolin-7-glucoside, apigenin-7-

glucoside, quercetin-3-O-rhamnoside, kaempferol-3-O-

rhamnoside, quercetin-3-O-rutinoside, kaempferol-3-O-

rutinoside, chrysoeriol, chrysoeriol 7-neohesperidoside, 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/deionized-water
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kaempferol-7-O-rhamnosylsophoroside (morindaoside) 

(Cimanga et al., 1995; 1997; Cimanga et al., 2003a) and 

nine iridoids isolated from 80% methanol extract 

(Soxhlet extraction) by HPLC using MeOH/H2O as 

eluant on RP18 column. This resulted in the isolation of 

iridoids as gaertneric acid, and iridoids glycosides named 

as gaertneroside, acetylgaertneroside, 

dehydromethoxygaertenroside, 6-acethylgaertneroside, 

6-acethylmethoxygaretneroside, 

methylepoxygaertenroside, epoxygaertenoroside, 

epoxymethoxygaertneroside. The structures of all 

isolated compounds were elucidated by NMR (
1
H-NMR 

and 
13

C-NMR) spectra (Cimanga et al., 2003b). 

 

2.4. Evaluation of antioxidant activity  

2.4.1. Free radical scavenging activity (FRSA) using 

DPPH (2,2’ diphenyl-1-picrylhydrazyl)  

The ability of extracts, fractions and polysaccharides 

from M. morindoides leaves against the radical DDPH 

was evaluated using the methods previously described by 

Ulewicz-Magulska and Wesolowki, (2019). Briefly, 2 

mg of each test sample were dissolved in 2 ml methanol 

to have stock solutions of concentration of 1 mg/ml. 

These lasts were diluted in two fold dilutions to have a 

series of test concentrations from 1 to 20 µg/ml. 1 ml of 

each test sample dilution with known concentration was 

mixed with 1 ml DDPH 0.4 M MeOH solution and the 

mixture was left in obscurity for 30 minutes before the 

measure of absorbance on a spectrophotometer 

Shimaduzu (USA) at 517 nm. DPPH 0.4 M MeOH 

solution was used as negative control. The inhibitory 

effect of tested samples on DPPH activity was calculated 

using the following formula:  
AbsNC - AbsTS

AbsNC
X 100% inhibition of DPPH activity =

 
Where AbsNc was the absorbance of the negative control 

and AbsTs was the absorbance of the tested sample. The 

inhibition concentration 50 (IC50) of each tested sample 

was derived from linear courbes concentrations-

responses.  

 

(A)  

(B)  

Figure 2: Transformation of DPPH in DPPH
●+

 (A) and change of the coloration after reaction with an oxidant 

or antioxidant substance (B). 

 

2.4.2. ABTS
●+

 (2,2-azino-bis-3-ethylbenzthiazoline-6-

sulphonate or 2,2-azino-bis-ethylbenthiasoline 

sulfonic acid) radical cation decolorization assay  

Methods previously reported by Labiad et al., (2017) and 

Al-Laith et al., (2019) based on the oxidation of ABTS 

were used. The oxidated ABTS solution was prepared by 

reaction of 2 mM ABTS in deionized water with 2.45 

mM potassium persulfate (K2S2O8) (1:1). Before use, 

ABTS solution was diluted with phosphate sodic tampon 

(0.1 M, pH 7.4) to have an absorbance of 0.750 at 734 

nm. After, 1 ml of ABTS solution was mixed with 1 ml 

of test sample (test concentrations: 1-20 μg/ml), well 

mixed and kept in obscurity for 4 h before to measure the 

absorbance. ABTS solution was taken as negative 

control. Absorbances were taken on the same apparatus 

at 734 nm. The percentage inhibitions were calculated 

using the same formula and the inhibitory concentration 

50 (IC50) of each tested sample was derived in the same 

manner as described also above.  

 

https://www.jstage.jst.go.jp/article/bpb/24/10/24_10_1202/_article/-char/ja/
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(A)  

(B)  

Figure 3: Transformation of ABTS in the presence of antioxidant substance (A) and potassium persulphate and 

its reactivity in change of color (B). 

 

2.4.3. Superoxide anions (O
2●-

) radical scavenging 

activity  

For this test, 2 mg of each test sample were dissolved in 

the same manner as described above to have respective 

stock solutions (concentration: 1 mg/ml) leading to a 

series of test concentrations from 1 to 20 μg/ml by two 

fold dilutions of each stock solution with methanol. The 

test was carried out in microtiter plates with 6 holes. 

Each hole contained 1 ml of each test sample dilution 

mixed with 250 mM nitrobleuterazolium (NBT, 100 μL) 

and 390 μM NAD (100 μL). Absorbances were recorded 

on the same apparatus, the same formula was used to 

calculated the percentage inhibitions of the production of 

superoxide anions (de Vargas et al., (2016) and IC50 

values were obtained using linear courbes-responses 

(Esmaeli et al., (2015); Chavan et al., (2018).  

 

  
Figure 4: Simultaneous detection of superoxide anion radical. 

 

2.4.4. Hydrogen peroxide (H2O2) scavenging activity 

The scavenging activity for hydrogen peroxide was 

measured according to the methods of Leyton et al., 

(2015); Bayramoglu et al., (2017) and Ekin et al., (2017). 

Different concentrations of plant extract (1-20 µg/ml) 

were added to 2 ml of H2O2 solution (10 mM) in 

phosphate buffer (50 mM, pH 7.4), and there action 

mixture was incubated at 25 °C for 30 min. The 

unreacted H2O2 was determined by measuring the 

absorbance of their action mixture at 230 nm with 

respect to the blank solution. The activity inhibition of 

the radical was calculated and IC50 values were derived 

in the same manner as described above. 
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(A)  

(B)  

Figure 5: Disassembly of hydrogen peroxide (A) and its reactivity (B). 

 

2.4.5. Hydroxyl radical (HO
●
) scavenging activity 

assay 

Hydroxyl radical scavenging activity of samples from M. 

morindoides leaves was assessed by the method of 

Olugbami et al., (2015). Hydroxyl radical was generated 

by Fenton reaction (Fe
3+

-ascorbate-EDTA-H2O2 system). 

The assay was based on the quantification of the 2-

deoxy-D-ribose degradation product, which formed a 

pink chromogen upon heating with TBA (thiobarbituric 

acid) at low pH. The reaction mixture contained 0.8 ml 

of phosphate buffer solution (50 mmol/L, pH 7.4), 0.2 ml 

of test sample/standard at different concentrations (1-20 

μg/ml), 0.2 ml of EDTA (1.04 mmol/L), 0.2 ml of FeCl3 

(1 mmol/L) and 0.2 ml of 2-deoxy-D-ribose 

(28 mmol/L). All mixtures were kept in a water bath at 

37 °C and the reaction was started by adding 0.2 ml of 

ascorbic acid (2 mmol/L) and 0.2 ml of H2O2 

(10 mmol/L). After incubation at 37 °C for 1 h, 1.5 ml of 

cold TBA (10 g/L) was added to the reaction mixture 

followed by 1.5 ml of HCl (25 %). The mixture was 

heated at 100 °C for 15 min and then cooled down with 

water. The absorbances were measured at 532 nm with 

the same spectrophotometer. The hydroxyl radical 

scavenging capacity (activity) was evaluated by the 

calculation of percentage inhibitions of 2-deoxy-D-ribose 

oxidation on hydroxyl radical or percentage inhibition of 

hydroxyl radical scavenging activity was calculated 

according to the following formula:  

% Inhibition of hydroxyl radical scavenging activity = 
A0 - (A1 -A2)

A0

X 100
 

where A0 was the absorbance of the negative control 

without a sample. A1 was the absorbance after adding the 

sample and 2-deoxy-D-ribose. A2 is the absorbance of 

the sample without 2-deoxy-D-ribose. The percentage of 

inhibitions were plotted against concentrations, and from 

the graph, IC50 was each tested sample was calculated. 

o a test tube were added 3 ml of phosphate 

o a test tube were added 3 ml of phosphate 

 

2.6. Estimation of phenolic compounds content 

The quantity of total phenolic compounds in aqueous 

extract Mms-1 of M. morindoides leaves was determined 

using Folin-Ciocalteu’s reagent (FC) or Folin-Denis’s 

reagent (FD) (phosphomolybdate and phosphotungstate) 

with the methods described by Samar et al, (2018) and 

Sushant et al., (2019). 1 ml of lyophilized aqueous 

extract with known concentration (5-50 µg/ml) was 

introduced in a tube and mixed with 1 ml of FC (1:1 

dilution). 5 minutes after, 2 ml sodium carbonate 20% 

were added, mixed and left in obscurity for 30 minutes. 

Gallic acid was used as a standard (5-20 μg/ml). After 

this period, the absorbances were recorded at 765 nm 

using the same spectrophotometer apparatus. The 

quantity total phenolic compounds was expressed as 

mg/100 g gallic acid equivalent of dried extract.  

 

2.7. Estimation of flavonoids content  

The content of total flavonoids in lyophilized aqueous 

Mms-1 extract of M. morindoides leaves was determined 

quantitatively with ACl3 % MeOH solution using 

methods described by Samar et al., (2018) and Sushant et 

al., (2019). 2 mg of aqueous extract Mms-1 of M. 

morindoides leaves were diluted in two fold dilutions to 

have a series of test concentrations from 1 to 50 μg/ml. 

To 1 ml of test sample dilution, 1 ml of ACl3 5% in 

MeOH was added, fully mixed and incubated at room 

temperature for 60 minutes. After, absorbances were 

measured at 430 nm on Shimaduzu (USA) 

spectrophotometer. Quercetin was used as a reference 
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and the quantity of total flavonoids was expressed in 

term of quercetin equivalent as mg/100 g dried extract.  

 

2.5. Evaluation of acute and sub-acute toxicity  

2.5.1. Toxic effects and determination of lethal dose 

50 (LD50)  

The acute and sub-acute toxicity were determined 

according to the method described by Loha et al., (2019) 

by the administration orally once high oral dose of 1000, 

2000 and 5000 mg/kg bw of aqueous extract in acute 

toxicity and daily doses of 500, 1000 and 5000 mg/kg 

body weight (bw) of aqueous extract Mms-1 M 

morindoides leaves in sub-acute toxicity respectively. 

Briefly, in both toxicity tests, rats were divided in 7 

groups and were orally administered respective oral 

doses with 5 rats for each oral dose as followed:  

●- Group I (2 rats) orally received 5 ml distilled water by 

gavage as negative control group,  

●- Groups IIa and b, IIIa and b and IVa and b were 

separately and orally administered by gavage aqueous 

extract Mms-1 once (a) and daily (b) in acute and sub-

acute toxicity at respectively. 

  

Animals were placed in individual plastic cages and fed 

as much water and pellets. They were continually 

observed for probable occurring of toxic effects during 

the first 4 hours and were daily weighed. All animals 

were observed for a total of 28 days for also probable 

occurring of toxic effects and mortality. All abnormal 

suspect movements and death of animals were recorded. 

The lethal dose 50 (LD50) would be determining in the 

case of animal mortality was observed.  

 

2.5.2. Determination of serum electrolytes  

After the sub-acute toxicity experiment, all animals 

having received aqueous extract of M. morindoides at 

oral dose of 5000 mg/kg bw, were sacrificed. The blood 

from each animal was collected by cardiac puncture with 

sterile seringes and emptied into pre-labeled centrifuge 

tubes for serum separation. They were left standing at 

room temperature for 30 min before centrifuging at 4000 

rpm for 5 min in an 80-1 electric centrifuge (B-Bram 

Scientific and Instrument Co., England).  

 

Potassium, calcium and chloride determination was 

carried out by colorimetric methods using Bioxer reagent 

kits (UK)- BXCO141A for K, BXCO291A for Ca and 

BXCO281A for Cl-, carrefuly following the instructions 

and specifications of the manufacturer. The 

determination of bicarbonate (HCO
3-

) and sulphate  

(SO
4-

) level was done by simple titration while that of 

sodium (Na) was done by flame photometer (IL 943). 

Other eletrolytes were determinated using an electrolyte 

auto-analyser Landwind LW E60B used also by Imo et 

al., (2019) and by flame photometer (AOAC, 1984). 

 

2.5.3. Evaluation of vital organs body weight ratio 

The kidneys, liver, pancreas, lungs, spleen, ovaries, 

testicules and heart of the rats were removed on the 

29
th

 day after scarification of all animals that had 

received the highest oral dose of 5000 mg/kg bw of 

aqueous extract Mms-1 of M. morindoides leaves. The 

blood collection was carried out by tail and was cropped 

to remove other tissues. The organs were plentifully 

washed with distilled water an then placed on a saline 

soaked gauze. They were dried at 50
o
C in hot and then 

weighed until constant weight (Abubakar et al., 2019). 

 

2.5.4. Biochemical and haematological parameters 

analysis  

Blood from rats having received 5000 mg/kg bw of 

aqueous extract Mms-1 in sub-acute toxicity test was 

collected from tail vein on Day 28 for analysis. For 

biochemical parameters, blood was centrifuged at 4000g 

for 5 min to obtain plasma, which was stored at –20°C: 

glucose, creatinine, aspartate aminotransferase (ASAT), 

alanine aminotransferase (ALAT), serum 

glutamopyruvate transferase (SGPT), serum 

glutamooxalate transferase (SGOT), uric acid, total 

cholesterol, triglycerides, high-density lipoproteins 

(HDL), low-density lipoproteins (LDL), total and direct 

bilirubin were quantified using Architect (Abottâ) 

automation with Boehringen Ingelheimâ biochemical 

kits. Total proteins were estimated using Biuret’s method 

(Saha et al., 2011). Haematological parameters were 

analyzed using an automatic haematological analyzer 

(Coulter STK, Beckam) with appropriated kits. The 

differential leucocytes count was performed with an 

optical microscopy after staining and, in each case, 100 

cells were counted (Akpanabiattu et al., 2013).  

 

2.6. Histological study 

At the end of sub-acute toxicity, all animals that had 

received the highest oral dose of 5000 mg/kg bw were 

sacrificed. Liver, heart, lungs, spleen, kidneys and 

pancreas were excised from dissected animals, 

plentifully washed with NaCl 0.9% for removal of blood. 

They were next dried, weighed, and stored in 10% 

formalin saline solution for histopathological analysis 

according to the technique described by Loha et al., 

(2019). Briefly, the tissue sections were plentifully 

washed with distilled water and stained with 

haematoxylin-eosin for light microscope analysis. The 

slides of all selected vital organs were made and then 

observed under light microscope at a magnification of 

x20 objective for the investigations of any histological 

change in treated group compared to negative control 

group.  

 

3. RESULTATS AND DISCUSSION 

3.1. Antioxidant activity of extracts, fractions and 

polysaccharides from M. morindoides leaves 

The antioxidant activity of extracts, fractions and 

polysaccharides was assessed in vitro against some 

reactive oxygen species (ROS) including DPPH, ABTS, 

superoxide anion, hydroxyl and hydrogen peroxide. For 

good understanding and interpretation of obtained 

results, following criteria were taken in account: IC50 ≤ 

10 µg/ml: pronounced activity, 10 < IC50 ≤ 20 µg/ml: 

good activity, 20 < IC50 ≤ 30 µg/ml: moderate activity, 
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30 < IC50 ≤ 40 µg/ml: weak activity, 40 < IC50 ≤ 50 

µg/ml: very weak activity, IC50 > 50 µg/ml: inactive. 

 

DPPH was a common method used to estimate the 

antioxidant activity of medicinal plant extracts, fractions, 

natural or synthetic compounds. DPPH was a stable free 

radical and accepted electron or hydrogen atom to become 

a stable diamagnetic molecule. This method was based 

on the reaction of DPPH with hydrogen donors of 

antioxidant compounds of medicinal plant extracts and 

fractions, which resulted in stable product. The reduction 

of DPPH in the presence of antioxidant substance 

became visible when its color changed from purple to 

yellow under antioxidant substance action (Musa et al., 

2016; Shabi et al., 2017). The intensity of yellow color 

was directly proportional to scavenging capacity of 

medicinal plant extract and standard compound (Silva 

and Sirasa, 2018; Dehariya et al., 2020) 

 

Proton radical scavenging was an important attribute of 

antioxidants. ABTS, a protonated radical, had 

characteristic absorbance maxima at 734 nm that 

decreased with the scavenging of the proton radicals. 

ABTS radical scavenging assay comprised a process that 

generated a blue/green/blues green ABTS
●+

 

chromophore through the reaction of ABTS and 

oxidation with potassium persulfate. The ABTS radical 

cation as a stable form, was produced and the reduction 

capability of the radical was determined by the decrease 

of its absorbance since hydrogen donating at 734 nm, 

was induced by antioxidants. It was visible as a change 

in color from dark bluish green to colorless (Mital et al., 

2017). ABTS test provided also informations on the 

reactivity of test compounds with a stable free radical. 

When the odd electrons were paired off in the presence 

of free radical scavenging, the absorption was reduced 

and the ABTS solution was decolorized as the color 

changed from deep violet to light yellow (Jethinlalkhosh 

et al., 2016). The ABTS assay was an elegant method for 

investigating the antioxidant activity of chain-breaking 

antioxidants and of hydrogen-donating antioxidants (Liu 

et al., 2016). After getting the stable absorbance, the 

antioxidant of medicinal plant extracts and fractions were 

added to the reaction medium and the antioxidant power 

was measured by studying decolorization (Vigneswaran 

et al., 2018). 

 

In the PMS/NADH/NBT (phenazinemethosulphate/ 

nicotinamide adenine dinucleotide phosphate/ 

nitrobleutetrazolium) system, superoxide radicals were 

generated by the coupling of PMS/NADH. The oxidation 

reaction of NADH resulted in the superoxide radical 

production. This was measured by the NBT reduction. 

The generation of PMS-NADH took place non 

enzymatically. Superoxide anion was generated from the 

dissolved oxygen. At 560 nm, the activity was measured 

and a decrease in the concentration of superoxide anion 

was recorded because the increase in the concentration of 

medicinal plant extracts and fractions caused a decrease 

in the consumption of superoxide anion. Superoxide 

decomposition was evident to forms a powerful oxidative 

species like singlet oxygen and hydroxyl radicals. 

Superoxide radical scavenging assay was based on the 

reduction potential of medicinal plant extracts and 

fractions due to yellow dye nitrobluetetrazolium (NBT) 

reduced into formazan. Formazan was a free radical 

which was generated when phenazinemethosulphate 

(PMS) reacted with nicotinamide adenine dinucleotide 

(NAD). These generated ions reduced NBT into 

tetrazolium which was determined at 560 nm (Dehariya 

et al, 2020). 

 

Against DPPH, ABTS and superoxide anion 

activities, results revealed that all tested extracts and 

fractions from M. morindoides leaves gave maximum 

free scavenging activity with IC50 values < 10 µg/ml. 

80% methanol extract Mms-2 with IC50 values of 

2.05±0.01, 2.52±000 and 3.12±0.03 µg/ml respectively 

showed high activity compared to aqueous extract Mms-

1 presenting IC50 values of 3.25±0.01, 5.23±0.003 and 

6.45±0.00 µg/ml against DPPH, ABTS and superoxide 

anion O
2●-

 respectively and significant difference was (p 

< 0.05) observed. This observation suggested that 80% 

MeOH was the best solvent that can be used to extract 

high amount of antioxidant constituents in M. 

morindoides leaves.  

 

All soluble fractions also showed marked antioxidant 

activity with IC50 values < 10 µg/ml. Among them, 

ethylacetate fraction Mms-1.2 displayed high activity 

with IC50 values ranging from 4.12±0.02 to 5.12±0.00 

against DPPH, ABTS and superoxide anion with 

significant difference (p < 0.05) compared to other 

remaining fractions. It was followed by residual aqueous 

Mms-1.4 soluble fraction showing antioxidant activity 

with IC50 value of 6.06 to 6.12±0.02 µg/ml against the 

same ROS. Chloroform Mms-1.1, n-butanol Mms-1.3 

and aqueous residual Mms-1.4 soluble fractions exerted 

also pronounced antioxidant effects against these 

selected ROS with IC50 values ranging from 7.11±0.03 to 

9.65±0.03 µg/ml.  

 

Superoxide anion radical (O
2●-

) was generated by four-

electron reduction of molecular oxygen into water. This 

radical was also formed in aerobic cells due to electron 

leakage from the electron transport chain. O
2●-

 were also 

formed by activated phagocytes such as monocytes, 

macrophages, eosinophils and neutrophils and the 

production of O
2●-

 was an important factor in the killing 

of bacteria by phagocytes. In living organisms, O
2●-

 was  
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Table 1: Effects of extracts and fractions form M. morindoides against the activity of some selected reactive 

oxygen species. 

Extracts and 

fractions/radicals 
DDPH ABTS 

Superoxide 

anion O
2●-

 

Hydroxyl 

HO
●
 

Hydrogen 

peroxide H2O2 

Mms-1 3.25±0.01 5.23±0.02 6.45±0.00 7.52±0.01 8.05±0.03 

Mms-1.1 8.25±0.00 7.11±0.03 7.25±0.02 8.35±0.02 9.02±0.01 

Mms-1.2 4.12±0.02 4.56±0.01 5.12±0.00 6.85±0.03 7.06±0.01 

Mms-1.3 9.65±0.03 8.43±0.02 9.25±001 9.03±0.02 9.81±0.02 

Mms-1.4 6.12±0.02 5.85±0.03 6.06±0.01 7.06±0.02 8.32±0.02 

Mms-2 2.05±0.00 2.52±0.01 3.12±0.03 3.23±0.02 3.52±0.01 

CP-Mms 15.05±0.03 20.12±0.1 25.14±0.03 17.58±0.01 22.35±0.02 

PF-Mms -1 25.25±0.02 51.22±0.02 35.46±0.02 45.05±0.03 33.25±0.01 

PF-Mms-2 32.15±0.01 45.26±0.01 37.65±0.01 42.21±0.02 37.02±0.03 

PF-Mms-3 37.54±0.03 41.18±0.02 43.25±0.03 39.58±0.03 45.50±0.01 

PF-Mms-4 42.15±0.01 47.35±0.03 51.25±0.01 41.62±0.01 52.36±0.02 

Apigenin-7-O-glucoside 59.52±0.01 62.36±0.03 82.65±0.02 76.25±0.02 72.56±0.04 

Luteolin-7-O-glucoside 41.71±0.04 56.25±0.03 72.41±0.04 68.56±0.02 65.05±0.03 

Chrysoeriol > 50 > 50 > 50 > 50 > 50 

Chrysoeriol-7-O-

neohesperidoside 
12.35±0.03 25..62±0.01 22.02±0.04 18.75±0.03 15.63±0.02 

Quercetin 3.15±0.03 3.60±0.01 7.75±0.00 8.02±0.03 15.02±0.02 

Rutin 8.45±0.01 6.25±0.02 15.15±0.01 18.36±0.02 25.60±0.01 

Quercetrin 4.25±0.02 5.45±0.03 12.85±0.02 14.05±0.01 22.01±0.03 

Kaempferol 7.82±0.01 3.81±0.02 6.15±0.02 18.24±0.02 12.06±0.01 

Kaempferol-3-O-rutinoside 25.06±0.00 15.14±0.03 17.03±0.02 20.06±0.03 23.54±0.02 

Kaempferol -7-O-

rhamnosylsophoroside 
27.25±0.02 17.62±0.00 21.02±0.03 24.56±0.01 30.25±0.01 

Gallic acid 2.06±0.02 3.12±0.02 4.65±0.00 8.47±0.00 7.82±0.03 

Vitamin C 3.53±0.00 2.67±0.01 7.15±0.02 7.55±0.02 8.02±0.01 

Mms-1 and -2: aqueous and 80% methanol extracts, Mms-1 to -4: chloroform, ethylacetate, n-butanol and residual 

aqueous soluble fraction form the partition of Mms-1 extract, CP-Mms: crude polysaccharide, PF-Mms-1 to PF-4: pure 

polysaccharides.

 

removed by the enzymes called superoxide dismutase 

(SOD) (Shareef et al., 2014). Superoxide anion radical 

(O
2●-

) was one of the strongest reactive oxygen species 

among the free radicals that were generated first after 

oxygen was taken into living cells. O
2●- 

changed to other 

harmful reactive oxygen species and free radicals such as 

hydrogen peroxide and hydroxyl radicals (Shareef et al., 

2014). 

 

Hydroxyl radical was one of the potent reactive oxygen 

species in the biological system. It reacted with 

polyunsaturated fatty acid moieties of cell membrane 

phospholipids and caused damage to cell. The hydroxyl 

radical was regarded as a detrimental species in 

pathophysiological processes and capable of damaging 

almost every molecule of biological system and 

contributed to carcinogenesis, mutagenesis and 

cytotoxicity. They were produced by the reaction of 

H2O2 and the ferrous that would react with 2-

deoxyribose. The reaction was stopped by adding TBA 

reagent that would give a red colour if the 

malondialdehyde was formed as the result of the reaction 

between the radical and 2-deoxyribose. The scavenging 

capacity of an extract was directly proportional to its 

antioxidant activity which was depicted by the low 

intensity of red colour (Saeed et al., 2012). It was the 

most reactive radical among all oxygen radicals. It can 

induce severe damage bio-molecules in the body, which 

resulted in cell damages that caused ageing, cancer and 

several other diseases. The removal of hydroxyl radicals 

was probably one of the most effective ways to defense 

several diseases (Yang et al., 2014). 

 

Hydrogen peroxide: FRSA was another useful method 

for determination of antioxidant activity. It was itself not 

very reactive, but sometimes it can be toxic due to the 

increased hydroxyl radicals in the cells. It was a week 

oxidizing agent and can inactivate a few enzymes 

directly, usually by oxidation of essential thiol (-SH) 

groups. Hydrogen peroxide can cross cell membranes 

rapidly, once inside the cell, it can probably react with 

Fe
2+

 and possibly Cu
2+

 to form hydroxyl radical and this 

may be the origin of many of its toxic effects. The 

scavenging of hydrogen peroxide by medicinal plant 

extracts may be attributed to active secondary 

metabolites, phenolics which neutralized hydrogen 

peroxide by donating electrons thereby neutralizing it to 

water (Shabi et al., 2017). On the other hand, H2O2 was a 

biologically important, non-radical reactive oxygen 

species (ROS) that can influence several cellular 

processes. It was an important molecule although it was 

not toxic by itself, but can be converted to other even 
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more toxic radicals such as HO
●
 by Fenton reaction or 

hypochlorous acid by the enzyme myeloperoxidase 

(MPO, EC 1.11.2.2). It was itself not very reactive, but it 

can sometimes to be toxic to cells because of it may give 

rise to hydroxyl radical in the cells (Esmaeili et al., 

2015). It was a weak oxidizing agent that inactivates a 

few enzymes directly, usually by oxidation of essential 

thiol (-SH) groups. It can cross cell membranes rapidly, 

once inside the cells, it can probably react with Fe²+ and 

possibly Cu²+ ions to form hydroxyl radicals and this 

may be the origin of many of its toxic effects (Ngonda, 

2013). H2O2 and HO
●
 radicals were inevitably produced 

as byproducts of normal aerobic metabolisms and were 

increased during infections, exercises, stress conditions, 

radiations, etc. (Mukhopadhyay et al., 2016). 

 

When tested against hydroxyl HO
●
 and hydrogen 

peroxide H2O2 radicals, aqueous and 80% methanol 

extracts Mms-1 and Mms-2 respectively, and soluble 

fractions Mms-1.1 to -1.4 form M. morindoides leaves 

exhibited concentration-dependent inhibition of 

deoxyribose oxidation, showing thus, their inhibition 

effect on the activity of hydroxyl and hydrogen peroxide 

radicals respectively. 80% MeOH Mms-2 extract 

exhibited pronounced and high antioxidant effect with 

IC50 values of 3.23±0.02 and 3.52±0.01 µg/ml 

respectively compared to aqueous Mms-1 extract 

exhibiting this activity with IC50 values of 7.52±0.01 and 

8.05±0.03µg/ml respectively and significant difference 

(p < 0.05) was deduced.  

 

Chloroform Mms-1.1, ethylacetate Mms-1.2, n-butanol 

Mms-1.3 and residual aqueous Mms-1.4 soluble 

fractions showed pronounced activity against hydroxyl 

HO
● 

and hydrogen peroxide H2O2 with IC50 < 10 µg/ml 

(Table 1). Ethylacetate Mms-1.2 was the most active 

with IC50 values of 6.85±0.03 and 7.06±0.01 against 

these two ROS respectively, followed by residual 

aqueous Mms-1.4 (7.06±0.02 and 8.32±0.02 µg/ml 

respectively) and chloroform Mms-1.1 (8.35±0.02 and 

9.02±0.01 µg/ml respectively) soluble fractions. n-

butanol Mms-1.3 exhibited good activity against these 

two ROS (IC50 = 9.03±0.02 and 9.81±0.02 µg/ml 

respectively). All soluble fractions showed interesting 

free scavenging activity against all selected ROS related 

to the nature of their constituents content. Considering 

their IC50 value levels, aqueous extract Mms-1 and its 

soluble fractions as well as 80% methanol extract Mms-2 

exerted pronounced activity against these ROS (Table 2). 

 

For tested flavonoids, quercetin, rutin and quercetrin 

exhibited pronounced activity against DPPH and ABTS 

radicals with IC50 values of 3.15±0.03 and 3.60±0.00 

µg/ml, 8.45±0.01 and 6.25±0.02 µg/ml, and 4.25±0.2 

and 5.45±0.03 µg/ml respectively, with significant 

different (p < 0.05). The reported C50 values of quercetin 

against DPPH and ABTS radicals were in the same rank 

(< 10 µg/ml) with those reported by Lee et al., (2015) 

and with Rusmana et al. (2017). Against hydroxyl 

radical, quercetin displayed pronounced activity with 

IC50 value of 8.02±0.03 µg/ml while rutin and quercetrin 

showed good activity with IC50 values of 18.36±0.02 and 

14.03±0.01 µg/ml respectively. Against superoxide 

anion O
2.
, quercetin inhibited its activity with IC50 value 

of 7.75.±0.03 µg/ml while rutin and quercetrin and rutin 

acted the same manner by producing IC50 values of 

15.15±0.01 and 12.85±0.03 µg/ml µg/ml respectively. 

The antioxidant activity of quercetin against hydrogen 

peroxide was good and high (IC50 = 15.02±0.02 µg/ml 

compared to its two glycosides rutin (25.60±0.01 µg/ml) 

and quercetrin (22.01±0.03 µg/ml) with moderate 

activity and notable difference (p < 0.05) was noted. The 

antioxidant activity of glycoside quecertin derivatives 

was weak compared to aglycone quercetin against all 

selected ROS with significant difference (p < 0.05). It is 

reported that the presence of sugar moiety on the basic 

ring skeleton attenuated the in vitro antioxidant activity 

of rutin and quercetrin, and this sugar substitution at 

three positions on the C ring was a major detrimental 

factor of the antioxidant activities of quercetin glucose 

derivatives (Zeng et al., 2020). 

 

Consequently, the high antioxidant character of quercetin 

was associated to its chemical structure, especially to the 

presence and location of the hydroxyl (-OH) substitution 

in C-3 position, the catechol-type B ring and hydroxyl 

groups in B ring in C-3’ and C-4’ position and absence 

of sugar moiety in C-3 position in ring C. The presence 

of an O-dihydroxy structure in B-ring confered a higher 

degree of stability to the flavonoid phenoxyl radicals by 

participating in electron delocalization and was therefore, 

an important determinant for antioxidant potential. On 

the other hand, quercetrin showed high activity 

compared to rutin due to the substitution of a 

monoglucoside group in C-3 position in ring C instead of 

a diglucoside in this same position (Pu et al., 2015; 

Sarian et al., 2017). 

 

With kaempferol and its two derivatives 3-O-rutinoside 

and 7-O-rhamnosylsophoroside, it was observed that the 

aglycone kaempferol exhibited high and pronounced 

antioxidant activity against DDPH and ABTS radicals 

by producing IC50 values of 7.82± 0.01 and 3.81±0.02 

µg/ml compared to kaempferol-3-O-rutinoside and 

kaempferol-7-O-rhamnosylsophoroside with good 

activity (IC50 = 25.06±0.00 and 15.14±0.03 µg/ml, and 

27.15±0.05 and 17.62±0.00 µg/ml respectively). Against 

superoxide anion, kaempferol showed pronounced 

activity (IC50 = 6.15±0.02 µg/ml) while, the two 

diglucosides exhibited good and moderated activity with 

IC50 values of 17.03±0.02 and 21.02±0.03µg/ml 

respectively, with significant difference (p < 0.05). 

When tested against hydroxyl and hydrogen peroxide 

radicals, kaempferol and its glycoside derivatives 

exhibited good and moderate activity with IC50 values 

ranging between 18.24±0.02 and 12.06±0.01 µ/ml, 

20.06±0.03 and 23.5±0.02, and 24.56±0.01 and 

30.25±0.01 µg/ml against HO
●
 and O2

●-
 respectively. 

The antioxidant activity of the aglycone kaempferol was 
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high compared to its glycoside derivatives against all 

selected ROS in the present study. 

 

With regards to the structure-activity relationship, 

kaempferol exhibited high activity due to the absence of 

a sugar moiety either in C-3 or C-7 position in A ring 

respectively and the presence of hydroxyl group in C-3 

and C-4’ position in C and B ring respectively and C-7 

position in A ring (kaempferol compared of kaempferol 

3-O-rutinoside and kaempferol-7-O-

rhamnosylsophoroside) while kaempferol-7-O-

rhamonosylsophoride showed weak activity compared to 

its homologous kaempferol-3-O-rutinoside follow-up to 

the presence of a triglucoside part in C-7 position instead 

of a diglucoside in C-3 position.  
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Figure 6: Structures of quercetin and kaempferol. 

 

The structural elements of the flavonoid molecules, most 

important for hydroxyl radical scavenging, were 

hydroxylation of ring B and C-2-C-3 double bond 

connected with a C-3 hydroxyl group, C-4 carbonyl 

group and hydroxyl group on B ring in position C-3’ and 

C-4’ or in position C-4’ alone. Hydroxylation of ring A 

also enhanced the activity (Tremi and Karel, 2016). In 

general, it was not easy to appreciate the antioxidant 

activity of these flavonoids due to considerable 

difference in their reported IC50 values against various 

ROS in divers study. Indeed, some studies had reported 

their antioxidant activity with IC50 < 10 µg/ml (Sarian et 

al., 2018, Giuxing et al., 2018) as reported in the present 

study or 10 < IC50 < 50 µg/ml (Wang et al., 2018) and 

other with 50 < IC50 < 100 µg/ml (Wang et al., 2018; Cao 

et al., 2020). For other flavonoids such as quercetin and 

its glucosides, their IC50 values were also reported in 

mg/ml (Srimathi et al., 2017) contrary to those reported 

in the present study. It was also the same for kaempferol 

and its glucosides in literature data. 

 

Chrysoeriol was found to be devoid with antioxidant 

effect against all selected ROS (IC50 > 50 µg/ml). Our 

results were in good agreement with Mishra et al., (2003) 

and Rivière et al., (2009), but in contradiction with Bai et 

al., (2005), Khan et al., (2010) and Tofighi et al., 2014) 

who reported the antioxidant activity of this flavonoid 

with a percent inhibition of 53% for Khan et al., (2010) 

and observed at 1 mg/ml for Tofighi et al., (2014) against 

DPPH. Its glucoside chryoeriol-7-O-neoheperidoside 

showed good or moderate activity against all selected 

ROs with IC50 values ranging between 12.35±0.03 and 

25.02±0.01 µg/ml (Table 1). Our finding good agreed 

with Mishra et al., (2003) who reported also the 

antioxidant activity of another chrysoeriol glucoside 

named chrysoeriol-6-O-acetyl-4-β-D-glucoside. 

 

Apigenin-7-O-glucoside and luteolin-7-O-glucoside 

showed weak antioxidant activity against all selected 

ROS with IC50 values from 59.52±0.01 to 82.50±0.02 

µg/ml and 41.71±0.04± to 72.41±0.04 µg/ml 

respectively. Their weak activity must be due mainly to 
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the absence of hydroxyl group in C-3 position in C ring 

although the configuration in A and B rings was similar 

to quercetin (flavonol) compared to luteolin (flavone) 

and kaempherol (flavonol) compared to apigenin 

(flavone), and also to the presence of a glucoside in C-7 

position in ring A. 

 

The mechanisms which followed by antioxidant defense 

were: 1) Blocking of free radicals production 2) of) 

oxidants Scavenging, 3) The converting toxic free 

radicals into less toxic substances, 4) Blocking the 

production of secondary toxic metabolites and mediators 

of inflammation, 5) Blocking of the chain propagation of 

the secondary oxidants 6) Repairing the injured 

molecules and 7) Initiation and enhancing the 

endogenous antioxidant defense systems (Adwas et al, 

2018). Thus, flavonoids from medicinal plants cannot 

only be considered purely as antioxidants, since under 

certain reaction conditions, they can also display 

prooxidant activity (Eghbaliferiz
 
and  Iranshahi, 2016; 

Sotler, et al., 2019). 

 

All tested iridoids and iridoids glycosides were devoid of 

antioxidant activity although their chemical structures 

contain one hydroxyl phenolic group (Cimanga et al., 

2003). 

 

Examples of iridoid structures isolated from M. 

morindoides leaves (Cimanga et al., 2003). 
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Crude polysaccharides CP-Mms and pure polysaccharide 

fractions PF-Mms-1 to -4 showed moderated or weak 

antioxidant activity with IC50 values ranging from 

25.25±0.02 to 51.25±0.01 µg/ml. For these natural 

compounds, it was reported that some of them exerted 

antioxidant activity with IC50 values < 100 µg/ml 

(Haddad et al., 2017; Qiwu et al., 2019;) as it was found 

in the present study, and other with IC50 values in the 

hunder micrograms or in milligrams order (Sila et al, 

2014; Zou et al., 2015; Xia et al., 2016, Zizhong et al., 

2020). They can be considered as promising antioxidant 

compounds (Zou et al., 2015; Li-Hong et al., 2018; 

Rivathi et al., 2018; Zizhong et al., 2020). Their activity 

was related to their structure. Indeed, water-soluble crude 

polysaccharides obtained from the external mucilage of 

some plants in vivo were confirmed to have high content 

of sulfuric and uronic acids and showed strong 

antioxidant activity against some ROS like DPPH, 

hydroxyl, superoxide anion, ABTS or on reducing power 

assay (Liu, 2016; Xia et al., 2016) and should be 

explored as a potentially novel and effective natural 

antioxidants. The monosaccharide composition, 

molecular weight with sulphate content, possessed 

antioxidant capacity as reported for algal polysaccharides 

(Zhong et al., 2019). Cereal polysaccharides were 

reported to be associated with a certain amount of 

phenolic compounds and tea polysaccharides were 

mostly glycoconjugates in which a protein carried 

carbohydrate chain covalently linked with a polypeptide 

backbone, exhibited antioxidant activity (Wang et al., 

2016). Several studies had postulated that protein or 

peptide moiety in polysaccharides was responsible for 

part of radical scavenging effect. The content of proteins 

in polysaccharide extracts appeared to contribute a direct 

scavenging effect on superoxide and hydroxyl radicals. 

Lentinan and Schizophyllum commune with only trace 

amount of proteins exhibited negligible scavenging 

effect towards superoxide radicals, whereas 

polysaccharide-protein complexes extracted from 

mushrooms such as Ganoderma lucidum and Grifola 

frondosa with lower polysaccharide/protein ratios, were 

more favorable for the scavenging function (Wang et al., 

2016). Molecular weight was one of the most important 

structural features of polysaccharides for antioxidant 

activity. It was reported that polysaccharides with low 

molecular weights would have more reductive hydroxyl 

group terminals (on per unit mass basis) to accept and 

eliminate the free radicals (Liu et al., 2016). Some 

studies had indicated that polysaccharides played an 

important role in the prevention of oxidative damage in 

living organisms (Zizhong et al., 2020) and acted as 

dietary free radical scavengers among which Eucalyptus 

and other several medicinal plants were considered as 

important natural sources of antioxidant compounds 

(polysaccharides) with potential benefits in medicine and 

health care (Haddad et al., 2017). Unlike protein and 

nucleic acid, the structure of polysaccharides was far 

more complicated based on the differences found in 

composition of monosaccharide residues, glycosidic 

linkages, sequence of sugar units, degrees of 

polymerization and branching point. Apart from those, 

other factors, such as differences of cultivars, origins, 

and batches or even extraction methods and fraction 

procedures, were evidenced to have significant influence 

https://pubmed.ncbi.nlm.nih.gov/?term=Eghbaliferiz+S&cauthor_id=27241122
https://pubmed.ncbi.nlm.nih.gov/?term=Iranshahi+M&cauthor_id=27241122
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sotler%20R%5BAuthor%5D&cauthor=true&cauthor_uid=32595258
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on the physicochemical and structural properties of 

polysaccharides (Wang et al., 2016). Studies concerning 

the antioxidant and/or scavenger activities of crude plant 

polysaccharide extracts and purified polysaccharides 

from various medicinal plants have indicated that these 

plant carbohydrates show significant antioxidant 

activities and may be explored as potential antioxidants. 

Based on the published literature data, the antioxidant 

activity of natural polysaccharides might be related to 

their composition, water solubility, polarity, molecular 

weight, monosaccharide component, structure of chain 

conformation and intramolecular hydrogen bonds (Raza 

et al., 2016; Shi et al., 2017). Therefore, the antioxidant 

activity of polysaccharides is not attributable to a single 

factor, but to a combination of many factors. 

 

3.2. Phenol and flavonoid contents 

Results from the evaluation of phenolic and flavonoid 

contents revealed that aqueous Mms-1 extract of M. 

morindoides leaves contained 81.65 mg of phenols and 

7.62 mg of flavonoids while the 80% methanol Mms-2 

extract holded 92.13 mg of phenols and 11.03 mg of 

flavonoids expressed in gallic acid equivalent and 

quercetin equivalent/100 g of dried extract respectively. 

Phenols and flavonoids found in Mms-2 extract were 

high than those in Mms-1 extract with phenols in high 

amount compared to flavonoids. A relationship between 

the amount of these phytochemicals and the level of 

antioxidant activity was established and showed good 

relation between the activity of extracts and their 

phenolic content compared to flavonoid content. But, the 

high activity showed by both Mms-1 and Mms-2 extracts 

was mainly correlated to the high amount of phenolic 

content than flavonoid content. In general, extreme 

variations in antioxidant activity and total phenolics and 

flavonoids were previously found between various tested 

plant extracts. It can be observed that high amount of 

phenolic and flavonoid contents in plant extracts highly 

correlated with their antioxidant activity, confirming the 

assertion according to which the antioxidant activity of 

medicinal plant extracts was particularly and mainly 

related to the high polyphenol content (Ekin et la., 2017; 

Unuofin et al., 2018; Sushant et al., 2019; Chaves et al., 

2020). The large variation in medicinal plant extracts for 

their antioxidant activity, may also resulted from 

differences in total phenolic contents and other 

phytochemicals. Such observations agreed with several 

previous reported findings (Unuofin et al, 2018; Sushant 

et al., 2019, Chaves et al., 2020).  

 

Previous studies suggested that the flavonoids found in 

the plants exerted the antioxidant action by donating of a 

hydrogen atom to break the free radical chain. Moreover, 

functional hydroxyl groups in flavonoids mediated their 

antioxidant effects by scavenging free radicals and/or by 

chelating metal ions (Sofna et al., 2014). Our findings 

were not an isolated case, as they indicated that M. 

morinoides leaves extracts consisted of high quantity of 

phenolic compounds and showed promising antioxidant 

activity with IC50 value < 10 µg/ml. In general, from 

these results, it was observed that all samples from M. 

morindoides leaves had capacity of free scavenging 

activity of all selected ROS radicals and which was 

correlated mainly with the total phenol content 

suggesting thus their antioxidant activities. 

 

Figure 3 showed the effects of total phenols (TP) and 

flavonoids (TF) as well as gallic acid (GA) on the 

activity of DPPH and superoxide anion radicals. I was 

observed that these phytochemicals inhibited the activity 

of these ROS in dose-dependent manner. When tested at 

highest concentration of 20 µg/ml, TP and TF produced 

80 and 78% inhibition of the activity of DPPH 

respectively (A), and 78 and 74% against superoxide 

anion activity (B). Gallic acid acted in the same manner 

by inhibiting the activity of DPPH (A) and superoxide 

anion (B) by 89 and 85% respectively. It exerted high 

activity than TP and TF extracts while TP showed high 

activity compared to TF (Fig.7, A and B). 

 

(A)  

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=antioxidant+activity
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=antioxidant+activity
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=antioxidant+activity
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=antioxidant+activity
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=total+phenolic+content
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(B)  

Figure 7: Inhibition of DPPH (A) and superoxide anion O2
●-

 (B)
 
activity by total phenols (TP) and flavonoids 

(TF), and Gallic acid (GA) 

 

3.3. Acute and sub-acute toxicity of aqueous extract 

of M. morindoides leaves 

Results from the acute and sub-acute toxicity studies did 

not reveal any toxicity and toxic symptom signs at the 

once administered oral doses of 500, 2000 and 5000 

mg/kg bw in acute toxicity, and daily the doses of 500, 

1000 mg/kg and 5000 mg/kg in sub-acute toxicity 

respectively, or again no observable toxicity signs were 

noticed in the aqueous extract Mms-1 from M. 

morindodides leaves treated rats compared to the 

negative control. No morbidity or mortality was 

observed in the treated groups at all administered doses 

during acute and sub-acute toxicity studies. No 

difference was observed in intake water and food in both 

groups. But, the weight of the treated rats increased 

normally in the course of treatment compared to 

untreated with significant difference (p < 0.05) (Fig. 2).  

 

 

 
Figure 8: Variation of body weights of treated Wistar rats (TR) compared to negative control (NC). 

 

The initial mean body of negative control rats at Day-0 

was 153 g and at the end at Day-28 of the experiment, 

their final mean body weight was 162 g with a gain body 

weight of 9 g (5.88%), while for the treated rats, the 

body weight at Day-0 was 155 g and at Day-28 became 

167g showing a gain of 12 g (7.74%) in sub-acute 

toxicity as illustrated in figure 2. Similar results were 

also recorded in acute toxicity, without results presented 

in this study. According to Kennedy et al., (1986), the 

studied extract can be considered as practically non-toxic 

and safe by oral route. Its LD50 (lethal dose 50) was 

estimated > 5000 mg/kg bw.  

 

3.4. Histology study 

Results from the histological investigation revealed that 

gross observation of the liver and kidneys of the treated 

rats showed no significant changes compared to control 

group and no significant difference (p > 0.05) was 

observed. The mean absolute weights of the liver were 

7.20 ± 0.95 g (at 2000 mg/kg bw) and 8.50 ± 1.02 g (at 

5000 mg/kg bw) for treated rats compared to negative 

control (7.17 ± 1.05 and 8.42±0.11 g) at the same times. 

Similarly, the mean absolute weights of the kidneys of 

rats in the negative control (8.15±0.04 g) and extract 

treated groups (8.21±0.01 g) did not show different 

difference (p > 0.05) and no toxic effects were observed 

as in acute and sub-acute toxicity. 

 

3.2.2. Effects on haematological parameters by 

aqueous Mms-1 of M. morindoides leaves in treated 

Wistar rats 

Results presented in Table 2 revealed that the 

haemoglobin level of treated rat groups was significantly 

(p < 0.05) increased compared to untreated group. This 

would be due to the absorption of iron and copper in high 

amounts by treated animals from the administered extract 
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or to the immunopotentiating effect of the extract as also 

previously reported for some medicinal plant extracts 

(Tamwar et al., 2019) and the administered Mms-1 

extract from M. morindoides leaves can not induce 

anemia.  

 

No significant change was observed in the haematocrit 

level of treated rats compared to negative control group 

(p > 0.05) while it was observed significant increase of 

WBC of treated animals compared to untreated group (p 

< 0.001), but it remained in the normal physiological 

limits (Table 2). WBC were essential for the protection 

of the animal against foreign invaders. Elevation in its 

level was indicative of response to an immunological 

challenge (Aprioku and Igbe, 2017).  

 

A significant decrease of platelets level was observed in 

treated animals compared to untreated suggesting that M. 

morindoides aqueous extract Mms-1 could precipitate 

thrombocytopenia that was one of the most common 

haematologic disorders, characterized by an abnormally 

high number of platelets from multiple causes (Izak and 

Brussel, 2014). 

 

Table 2: Effects of aqueous extract Mms-1 from M. morindoides on haematological parameters of treated Wistar 

rats. 

Parameters Negative control Mms-1: 5000 mg/kg bw Reference values 

Haemoglobin (g/dL) 15.8 ± 0.2 17.6 ± 0.1 15.0-18.2 

Haematocrit (%) 47.5 ± 0.3 48.8 ± 0.0 40.7-50 

Platelets (x 10
3
µL-1) 1291.0 ± 0.6 1272.5 ± 0.0 995-1713 

WBC (x 10
3
µL-1 16.2 ± 0.3 17.5 ± 0.2 6.6-20.5 

RBC (x 10
6
 µL-1) 8.8 ± 0.4 9.2± 0.5 7.6-10.29 

Eosinophils 0.12±0.02 0.14±0.04 0.01-0.16 

Neutrophils (%) 21.2 ± 0.3 23.3 ± 0.3 3.0-24.7 

Monocytes (%) 2.9 ± 1.1 2 3.2 ± 0.1 0.0-4.0 

Basophils (%) 0.0±0.0 0.0±0.0 0.0±0.05 

Lympocytes (%) 89.8 ± 1.6 90.4 ± 0.1 58.8-94 

Segmented leucocytes (%) 17.6 ± 0.6. 21.7 ± 00.2 - 

RBC; red blood cells, WBC: white blood cells, Mms-1: aqueous extract of M. morindoides 

 

In addition, the decrease of platelets level in circulatory 

system of treated animals caused by M. morindoides 

aqueous extract Mms-1 supported its anticoagulant 

property also reported for other medicinal plant extracts 

(Duric et al., 2015; Chegu et al., 2019) and was a high 

bleeding risk in thrombocytopenic patients (Slichter, 

2004; Piel-Julian et al., 2018). 

 

Neutrophils, eosinophils, lymphocytes and segmented 

leucocytes levels showed slight increase in treated 

animals compared to negative control group, with no 

significant difference (p > 0.05). Neutrophils 

(neutrophilia) were important phagocytic cells normally 

elevated in the early inflammatory response, while 

lymphocytes were subtypes of leucocytes critically 

essential for providing cell mediated immunity (Aprioku 

and Igbe, 2017).  

 

Eosinophils (eosinophilia) had a role as phagocytes and 

also more specific functions that included providing a 

defense against metazoan parasites and modulating the 

inflammatory processes. They responded 

chemotactically to histamine, immune complexes and 

eosinophil chemotactic factor of anaphylaxis, a 

substance released by degranulating mast cells. 

Basophils (basophilia) were not true phagocytes, but 

contained large amounts of histamine and other 

inflammation mediators. Eosinophils and basophils may 

be seen in response to systemic allergic reactions and 

invasion of tissues by parasites (Cotter, 2019). Slight 

fluctuation was observed in the levels of these 

parameters without no significant difference in both 

treated and untreated rat groups (Table 2).  

 

3.2.3. Effects of aqueous extract Mms-1 from M. 

morindoides leaves on biochemical parameters of 

treated Wistar rats  

Table 3 showed the effects of the oral administration of 

the aqueous extract Mms-1 of M. morindoides leaves on 

biochemical parameter levels of treated compared to 

untreated Wistar rats. Results indicated that the oral 

administration of aqueous extract at the highest oral dose 

of 5000 mg/kg bw in sub-acute toxicity induced 

remarkably significant decrease of plasma glucose level 

in treated animals compared to untreated animals (p < 

0.05). This decrease may be due probably to its 

hypoglycemic properties as also previously reported for 

other medicinal plant extracts (Nsaka et al., 2013; 

Cimanga et al., 2015) and gave credence to the use of 

this extract as a hypoglycemic agent for the treating of 

diabetes mellitus type II.  

 

Alanine transferase (ALAT) and aspartate transferase 

(ASAT) were two known liver enzymes as good 

indicators of this organ as well as ALP and considered as 

biomarkers predicting possible toxicity of liver (Unuofin 

et al., 2018). On the other hand, the elevation of both 

transaminase levels in the blood can indicate the damage 

to parenchymal liver cells and perturbation of the 

function of this organ or frequently refer to 

hepatotoxicity (Moussaoui et al., 2020). The levels of the 

two enzymes were not different in treated compared to 

https://pubmed.ncbi.nlm.nih.gov/?term=Piel-Julian+ML&cauthor_id=29978544
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untreated Wistar rats. In addition, no negative or 

deleterious effect on the activity of both transferases in 

treated rats compared to untreated group was observed as 

also reported by Moussaoui et al., (2020) for Withania 

frutescens hydro-ethanolic extract leaves.  

 

Table 3: Effects of the aqueous extract concentrations of some biochemical parameters at oral dose 5000 mg/kg 

body weight. 

Parameters Negative control Mms-1: 5000 mg/kg bw Reference values 

Glucose mg/dl 87.5 ± 0.4 76.3 ± 0.3 50-135 

Creatinine (mg/dL) 0.5 ± 0.9 0.7 ± 1.0 0.2-0.8 

AST (IU/L 126.3 ± 0.3 128.5 ± 0.2 45.5-143 

ALT (UI/L) 38.2 ± 1.2 39.7 ± 0.2 17.5-45 

Total cholesterol (mg/dL) 104.5 ± 1.3 103.9 ± 1.2 40-130 

Triglycerides (mg/dL) 5 43.2 ± 0. 44.0 ± 0.2 20-144 

Total bilirubin (mg/dL) 0.3 ± 0.3 0.5 ± 0.0 0.2-0.55 

Direct bilirubin (mg/dL) 0.02 ± 0.0 0.04 ± 0.0 0.03-0.05 

Total proteins (g/dL) 7.0 ± 0. 3 7.4 ± 1.1 5.7-7.6 

Albumin (g/dL) 3.1 ± 0.2 3.4 ± 0.3 3.8-4.8 

ALP (IU/L) 122.4 ± 1.0 125.3 ± 1.2 50.8-128 

HDL-cholesterol (mg/dL) 60.0 ± 0.3 62.2 ± 0.4 > 35 

LDL-cholesterol (mg/dL) 34.1 ± 1.1 32.7 ± 1.3 < 130 

Uric acid (mg/dL) 2.88 ± 0.8 2.91 ± 0.5 2.6-7.2 

SGPT (UI/L) 28.2 ± 1.3 27.3 ± 1.2 - 

SGOT (UI/L) 117.3 ± 1.1 120.4 ± 1.2 - 

Urea (mmol/L) 16.1 ± 0.3 16.9±0.4 11-23 

AST: aspartate transferase, ALT: alanine transferase, ALP: alkaline phosphate, HDH: high density lipoproteins, LDL: 

low density lipoproteins, SGPT: serum glutamopyruvate transferase, SGOT: serum glutamooxalate transferase, -: not 

found. 

 

Results reported here indicated that there was slight 

increase of both enzyme levels, but this did not show 

significant difference compared to the negative control (p 

> 0.05). It is also the same for the level of ALP (Table 

3). Serum ALP (alkalin phosphate) was a sensitive 

detector for intrahepatic and extrahepatic bile 

obstruction. Based on this finding, it was suggested that 

hepatocytes of the treated rats were not damaged. The 

hepatic function of the treated animals was good keept or 

maintened and safe because the administered extract at 

this high oral dose of 5000 mg/kg bw did not cause 

significant deleterious effects in treated animals as also 

previously reported for other medicinal plant extracts 

(Nsaka et al., 2013; Cimanga et al., 2015; Unuofin et al., 

2018).  

 

SGPT and SGOT were also considered as liver 

biomarker enzymes Their measuring was a simple test, 

and was the most commonly used as indicators of hepatic 

functions (Imo et al., 2019). In the present study, their 

levels were comparable in both groups comfirming more 

the good state of the liver. 

 

The normal values of renal biomarkers including 

creatinine, urea and uric acid (Unuofin et al., 2018), 

suggested that aqueous extract of M. morindoides did not 

produce any sort of disturbance in renal functions which 

was good maintained for the same reasons evoked above. 

In addition, the aqueous extract did not interfere with the 

hepatic and renal capacities to excrete the metabolites. 

As any damage was observed, it may be concluded that 

the administered aqueous extract did not induce 

significant observable toxicity on these two vital organs 

an no significant difference was observed in both groups 

(p > 0.05).  

 

Cholesterol, LDL and triglycerides (p < 0.05) in treated 

rat groups showed slight decrease compared in untreated 

rat groups which might be attributed to the hypolidemic 

properties of Mms-1 extract as also previously reported 

by Cimanga et al., (2015), and in some times, to the 

increase of the secretion of thyroid hormones T3 and T4 

which degraded cholesterol (Cimanga et al., 2015; 

https://en.wikipedia.org/wiki/Thyroid_hormones, 2021). 

Mms-1 extract caused also slight increase of HDL (anti-

antherogenic agent). Thus, the decrease of total 

cholesterol and LDL, and increase of HDL 

concentrations were of great significance in 

cardiovascular diseases management. From this, aqueous 

extract of M. morindoides leaves had beneficial effects in 

the prevention and reducing of cardiovascular diseases 

and was correlated with risk factors contributing to the 

death of mainly diabetic patients (Akpanabiattu et al., 

2013).  

 

Albumins was proteins produced in the liver and had 

high concentration in plasma. Its decrease in serum may 

arise from liver diseases mainly cirrhosis (Wiedemann et 

al., 2017; Carvaldho and Machado, 2018; Lang et al., 

2018; Bai et al., 2019). Fortunately, its level in treated 

animals compared to untreated rat groups did not show 

statistically significant difference (p > 0.05). In addition, 

https://en.wikipedia.org/wiki/Thyroid_hormones
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no significant change was observed in the level of the 

total and direct bilirubin in treated animals compared to 

control groups (p > 0.05) suggesting that jaundice could 

not be resulted in the intake of this aqueous extract Mms-

1 from M. morindoides leaves as also reported by Tewari 

et al., (2017) and Raghuvanshi et al., (2021) for many 

other medicinal plant extracts and mentioned above 

based on the haemoglobin level.  

 

The total proteins level significantly increased in treated 

rats compared to untreated group (p < 0.05) suggesting a 

supplement apport of an exterior supply of this element. 

A significant increase of urea concentration at in treated 

groups compared to untreated groups (p < 0.01) was 

observed, but this was not found as a sign of 

insufficiency renal because its concentration level 

remained within the normal physiological ranges (11-23 

mmol/L). As urea production in mammals occurred 

specially in liver. Its concentration level could also be 

used as an indicator of hepatic and renal functions 

according to the case (Salih et al, 2013). Thus, our results 

more confirmed good maintenance of both organ 

functions of treated animals as already demonstrated 

above with the levels of their other biomarkers. Hence, 

the administered aqueous extract Mms-1 form M. 

morindoides leaves will be safe on its chronic use in 

treatment of various diseases as also previously reported 

for various medicinal plant extracts (Saha et al., 2011; 

Rajasekaran and Kannabiran, 2012; Akpanabiattu et al, 

2013; Gandhare et al., 2013).  

 

In general, our results from experimental tests were also 

in good agreement with other reported in other studies 

about the antioxidant activity of many many medicinal 

plant extracts and their respective fractions as well as 

polysaccharides (Nsaka et al., 2013, Rani et al., 2013; 

Cimanga et al., 2015; Wang et al., 2016; Haddad et al, 

2017; Gosh et al., 2019; Ugwah-Oguejohor et al., 

2019;Zhong et al., 2019; Da Fillepière et al., 2020; 

Zizhong et al., 2020) and remained in physiological 

ranks throughout the treatment period of 28 days (Tables 

2 and 3). But, the levels of these parameters depended on 

various factors including age, nutrition, environment, 

gender, origin, breeding system, feeding and lineage, and 

genetic factors, and changes in any of these conditions 

would affect the reference values of the above‐mentioned 

parameters (Shehani et al., 2018). In both evaluations, 

the rest of the parameters showed minor fluctuations 

mostly non-significant when compared to negative 

control. In general, our reported haematological and 

biochemical parameters levels in treated rats were in 

acceptable limits or were comparable to other reported in 

other studies (Cimanga et al., 2015; Badole and Kotwal., 

2015; Santos et al., 2016; He et al., 2017, Elikok and 

Cirak., 2018).  

 

3.2.4. Effects of the aqueous extract Mms-1 from M. 

morindoides on the levels on some serum electrolytes 

(mg/dL) in Wistar rats 
Table 4 showed the effects of aqueous extract Mms-1 

from M. morindoides leaves on some electrolytes level. 

Results revealed that the administration of the extract at 

all administered oral doses of 1000 and 5000 mg/kg bw 

induced significant increase (p < 0.05) of calcium, 

inorganic phosphorus, iron, bicarbonate and sulphate 

levels compared to untreated animals (p < 0.05) with 

significant difference (p > 0.05) mainly at the highest 

oral dose of 5000 mg/kg bw (Table 4). This increase may 

be due to the administration of aqueous extract Mms-1 of 

M. morindoides leaves that brought these elements as 

supplement apport. The present data particularly agreed 

with these previous observations of serum calcium 

elevation after calcium supplementation of drinking 

water and administered extract. This element was 

essential for the bone growth. On the other hand, no 

significant change in levels (p > 0.05) of in chloride, 

sodium and potassium levels compared to negative 

control was observed (Table 4). 

 

Table 4: Effects of the administration of aqueous extract Mms-1 on some serum electrolyte levels. 

Electrolytes 
Negative 

control 

Mms-1:1000 

mg/kg bw 

Mms-1:5000 

mg/kg bw 

Reference 

values 

Calcium 9.8. ± 0.2 10.6 ± 0. 11.4. ±0.1 5.3-13 

Chloride 102.5 ± 0.4 104.7 ±0.2 107.4 ± 0.4 95-110 

Inorganic phosphorus 4.2 ±0.7 4.6 ± 0.2 7.7 ± 0.3 3.4-11 

Iron 7.7 ±0.1 8.6 ± 0.4 9.4± 0.5 - 

Potassium 4.1 ± 0.1 4.7 ± 0.3 5.1 ± 0.4 3.5-5.5 

Sodium 74.3 ± 0.4 74.2 ± 1.2 74.6 ± 0.1 43-156 

Sulphate 60.5±0.2 63.5±0.2 65.6±0.1 - 

Bicarbonate 25.25±0.02 27.50±0.01 29.78±0.02 24-31 

-: not found in literature 

 

Sodium was regulated by the kidneys and adrenal glands. 

Sodium was the major cation of extracellular fluid (Imo 

et al., 2019). It was the major extracellular electrolyte 

implicated in hypertension. Extracellular sodium 

electrolyte level was responsible for the extent to which 

vessel walls contract. When the sodium level was high, 

there was increased contraction of the blood vessels 

(especially in the kidney), and hence a greater force was 

required to pump blood, with as consequence the 

occurring of hypertension. Moreover, high levels of 

sodium in the blood caused the cells to be dehydrated 

leading to hypernatrema which can cause coma or death. 
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Increase or decrease in sodium concentration may 

contribute to fluctuations of blood pressure (Enemor et 

al., 2013). Too much or too little sodium (hypernatremia 

or hyponatremia) can cause malfunction cells, and 

extremes in the blood sodium levels (too much or too 

little) can be fatal It played a central and important role 

in the maintenance of the normal distribution of water 

and osmotic pressure in the various fluid compartments 

(Kebe et al, 2013; Imo et al., 2019). 

 

Chloride was important in the maintenance of the 

cation/anion balance between intra and extra-cellular 

fluids. This electrolyte was essential to the control of 

proper hydration, osmotic pressure, and acid/base 

equilibrium. Low serum chloride values were found with 

extensive burns, excessive vomiting, intestinal 

obstruction, nephritis, metabolic acidosis, and in 

addisonian crisis. Elevated serum chloride values may be 

seen in dehydration, hyperventilation, congestive heart 

valve, and prostatic or other types of urinary obstruction 

(Imo et al., 2019). 

 

Potassium ion was a major cation of the intracellular 

fluid and only about 10% of the total body potassium 

was extracellular. Fluctuations in serum potassium level 

were known to have serious health implications, 

particularly excess potassium in the blood, can occur in 

cases of renal failure that loosed the ability to excrete 

this mineral. Severe dehydration will also produce 

hyperkalaemia having as consequences muscle weakness 

and cardiac arhythmias that can lead to heart failure. 

Hypokalemia can lead to muscular weakness, hypotonia 

and cardiac arrhythmias while hyperkalemia can 

predispose to cardiac arrest (Enemor et al., 2013). 

Elevated potassium levels (hyperkalemia) were often 

associated with renal failure, dehydration shock or 

adrenal insufficiency. Decreased potassium levels 

(hypokalemia) were associated with malnutrition, 

negative nitrogen balance, gastrointestinal fluid losses 

and hyperactivity of the adrenal cortex and other fluids in 

the body (Imo et al., 2019). 

 

Bicarbonate levels were measured to monitor the acidity 

of the blood and body fluids, and these results indicated 

that the acidity of this medium was maintained. The 

serum or plasma bicarbonate content was a significant 

indicator of electrolyte dispersion and anion deficit. 

Alteration of bicarbonate and CO2 dissolved in plasma 

were characteristics of acid-base imbalance, which may 

be due to renal tubular acidosis, hyperkaliemic acidosis, 

renal failure or keto acidosis (Imo et al., 2019). 

Fortunately, in the present study, the oral administration 

of aqueous extract of M. morindodides leaves had not 

induce significant increase or decrease of these serum 

electrolytes and suggested that these electrolytes were 

maintained in good physiological levels (Table 4). 

 

Electrolytes such as sodium, potassium, chloride and 

bicarbonate ions were among the parameters that were 

useful in the determination of kidney function. The 

elevation or depletion of the level of any of them may be 

an indicator for a kidney problem (Amagon et al., 2020). 

These reported electrolyte levels were comparable to 

other described in previous study (Abubakar and Sule, 

2010; Enemor et al., 2013; Amagon et al, 2020).  

 

On the organ weights, the administration of aqueous 

extract Mms-1 of M. morindoides leaves at all oral doses 

induced significant increase of organ weights at all 

administered oral doses. Moreover, Wistar rats treated at 

oral doses at 1000 and 5000 mg/kg bw with the plant 

extract showed significant increase (p < 0.05)) in organ 

weights of treated animals compared to negative control 

(Table 4), except pancreas for which its weight at 1000 

mg/kg bw slightly increased and did not show significant 

difference compared to negative control (1.58 g against 

1.57 g). The presence of particularly tannins which had 

astringent properties (pore-closing substance) could 

account for the observed increase in organ weights of 

treated animals as also reported by Maina et al.. (2013) 

for the aqueous extract of Leptadenia hastata. The 

administered aqueous extract Mms-1 of M. morindoides 

leaves did not detrimentally affect the organ weights, 

organ-to-body weight ratio and there was no change in 

 

Table 5: Effects of aqueous extract Mms-1 from M. morindoides on weights of some selected vital organs. 

Organs Negative control Mms-1: 1000 mg/kg bw Mms-1: 5000 mg/kg bw 

Heart 0.94 ± 0.00 0.97 ± 0.02 0.99 ± 0.02 

Kidneys 2.34 ± 0.02 2.36 ± 0.04 2.38 ± 0.01 

Spleen 0.71 ± 0.02 0.73 ±0.02 0.75 ± 0.03 

Brain 3.71 ± 0.01 3.72 ± 0.04 3.75 ± 0.04 

Pancreas 1.57 ± 0.03 1.58 ±0.02 1.61 ± 0.03 

Testicules 9.12 ± 0.02 9.24 ± 0.03 9.26 ± 0.03 

Ovaries 0.24 ± 0.03 0.26 ±0.01 0.29 ± 0.04 

See Table 4. 

 

the colour and form of various organs of treated animals 

compared to negative control in both toxicity tests (Table 

4). Our results were in good agreement with other studies 

for the effects of some administered medicinal plant 

extracts on organ weights of treated animals (Unuofin et 

al., 2018; Moussaoui et al, 2020).  

3.2.4. Effects of aqueous extract Mms-1 from M. 

morindoides on some vital organ weights in 

histological study 

Histopathological study of the liver sections in the 

control group showed normal appearance of central vein 

(CV) and hepatic sinusoids (S) lined by endothelial cells 
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(EC) with normal radiating hepatocytes of treated 

animals compared to untreated group. There was also 

normal appearance of the portal triad including hepatic 

portal vein, interlobular bile duct and branches of hepatic 

artery. The macroscopic and histological analysis of the 

organs of treated animals with the highest oral dose of 

5000 mg/kg bw of the aqueous extract Mms-1 from M. 

morindoides leaves did not show any changes in colour 

and form of selected vital organs compared to control 

group rat organs. They revealed no anatomical and/or 

structural changes in major vital organs as also reported 

for other medicinal plant extracts (Saha et al., 2011). No 

detectable abnormalities such as hypertrophy of organs 

were also observed by pathological examination of the 

tissues. No alterations in cell culture or unfavourable 

effects were seen in the microscopic examination of the 

internal organs using multiple magnification powers. No 

pathologie was recorded in the histological sections of 

the vital organs such as heart, spleen, kidney, liver and 

lung. Histopathological analysis showed absence of any 

gross pathological lesions. Heart, lung, kidney, liver, 

pancreas, brain and spleen of the treated rats also did not 

demonstrate significant changes in morphology 

comparable to control group, indicating the protective 

effect of the administered extract on these tissues. In 

addition, stomach parts of treated rats did not show the 

development of ulcerative spots. All vital organs in both 

groups showed similar architecture. These results more 

confirmed those observed in acute and sub-acute toxicity 

tests. The present study provided evidence for the total 

safety and tolerability profile of the aqueous extract 

Mms-1 from M. morindoides leaves suggesting its safe 

use in single oral dose treatment as well as for long term 

use for the treatment of various ailments without 

production any significant toxic effects.  

 

4. CONCLUSION  

This study consisted the first report of the antioxidant 

and free scavenging activities of extracts, fractions and 

polysaccharides from M. morindoides leaves on a large 

game of reactive oxygen species as well as acute and 

sub-acute toxicity of aqueous extract with its closely 

related effects on haematological and biochemical 

parameters, organ weights and some serum electrolytes 

of treated Wistar rats. Results indicated aqueous extract 

and its soluble fractions chlorofom, ethylacetate, n-

butanol and residual phase, 80% methanol extract and 

polysaccharides exhibited interesting and promising 

antioxidant activity with different magnitudes evaluated 

against some selected reactive oxygen species including 

2,2’dipheyl-1-pycrihydrazyl, (DPPH), 2,2'-azino-bis(3-

éthylbenzothiazoline-6-sulphonique acid (ABTS), 

superoxide anion (O2
●-

), hydroxyl (HO
●
) and hydrogen 

peroxide (H2O2). This study provided valuable scientific 

data on the antioxidant properties of samples from this 

medicinal plant and toxicity of aqueous extract which 

was used as principal preparation in traditional medicine. 

On the basis of the reported results, aqueous extract from 

M. morindoides leaves can be used as raw material for 

the remedy preparation to prevent the occurring of some 

diseases particularly cardiovascular diseases. It was 

considered as safe and was well tolerated in animals 

without visible toxic effects and did not induce mortality 

in animals. It was found to have no significant influence 

on the levels of biochemical and haematological 

parameters and can be considered as a non-source of any 

pathologic disease. It caused significant increase or 

decrease of some electrolytes in treated animals and did 

not significantly modify the weight of some vital organs 

of treated animals. These reported results constituted a 

irrefutable scientific base supporting and justifying the 

traditional use of the studied plant part of M. 

morindoides in traditional medicine in Democratic 

Republic of Congo and other African countries to treat 

various ailments and diseases without significant side 

effects.  

 

REFERENCES 

1. Abubakar, S.M, Sule M.S. Effect of oral 

administration of aqueous extract of Cassia 

occidentalis seeds on serum electrolytes 

concentration in rats. Bayero J Pure Appl Sci, 2010; 

3(1): 183 – 187.  

2. Abubakar A, Nazifi AB, Hassan FJ, Dake KA, Elok 

TD. Safety assessment of Chlorophytum 

altissifolium tubers extract (Liliaceae): Acute and 

sub-acute toxicity studies in Wistar rats. J Acute Dis, 

2019; 2 (1): 21-27. 

3. Adwas AA, Elsayed ASI,2 Azab AE,3 Quwaydir 

FA. Oxidative stress and antioxidant mechanisms in 

human body. J Appl Biotechnol Bioeng. 2019; 6(1): 

43‒47  

4. Akpanabiattu MI, Ekpo ND, Ufor UF, Udoh NM, 

Alpan EJ, Etuk EU. Acute toxicity, biochemical and 

haematological study of Afromomun melegueta seed 

oil in male Wistar albinos rats. J. Ethnopharmacol, 

2013; 150(2): 590-594. 

5. Aliyu AB, Achika JI, Adewui JA, Gangas P, 

Ibrahim H, Oyewale AO. Antioxidants from 

Nigerian medicinal plants: what are the evidence? 

Intechn Open, 2019, 

Doi:http://dx.doi.org/105772/inchenopen.84454, 

2020. 

6. Al-Laith AA,  Alkhuzai J,  Freije A. Assessment of 

antioxidant activities of three wild medicinal plants 

from Bahrain. Arabian J Chem, 2019; 12 (8): 2365-

2371. 

7. Amagon KI, Wannang NN, Bukar BB, Kolawole 

JA. Evaluation of serum haematological and 

electrolyte changes in Wistar rats administered some 

polyherbal preparations. Eur J Biol Biotechnol, 

2020; 1 (5): 1-5. 

8. AOAC (Association of Official Analytical 

Chemists). Official methods of analysis 15
th

 ed. K. 

Helich, AOAC, Arlington, VA, USA, 1984. 

9. Aprioku JS. Igbe I. Effects of aqueous Bryophyllum 

pinnatum leaf extract on haematological renal and 

sperm indices in Wistar rats. Indan J Pharm Sci, 

2017; 79 (4): 521-526. 

https://www.sciencedirect.com/science/article/pii/S1878535215000738#!
https://www.sciencedirect.com/science/article/pii/S1878535215000738#!
https://www.sciencedirect.com/science/article/pii/S1878535215000738#!


www.ejpmr.com          │         Vol 8, Issue 4, 2021.          │         ISO 9001:2015 Certified Journal         │ 

Cimanga et al.                                                              European Journal of Pharmaceutical and Medical Research 

265 

10. Ayoub Z,  Mehta A. Medicinal plants as potential 

source of antioxidant agents: A review. Asian J 

Pharm Clin Res, 2018; 11(6): 50-56.  

11. Badole S, Kotwal S. Biochemical, hemtological and 

histological changes response to graded dose of 

extract of Equisetium wavense in adult female 

Wistar rats. Int J Pharm Sci Res, 2015; 6 (8): 3321-

3326. 

12. Bai N, Zhu Zhou, Zhu N et al., Antioxidant 

flavonoids from the flower of Inula brtitanica. J 

food lipids, 2005; 12 (2): 144-149. 

13. Bai Z, Bwernadi M, Yoshida EM, Li H et al. 

Albumin infusion may decrease the incidence and 

severity of overt hepatic encephalophathy in liver 

cirrhosis. J Aging, 2019; 11 (19): 2502-2525. 

14. Bayramoglu M, Goktasoglet A, Ozyokce F, Kiziltas 

H. Antioxidant activity aqueous and ethanol extracts 

of Crataegus meyeri Pojark leaves and contents of 

vitamin, trace element. J Chil Chem Soc, 2017; 62 

(4), http://doi.org/10.4067/s0717-

9707207000403661, 2020. 

15. Cardoso SM. Special Issue: The antioxidant 

capacities of natural products. Molecules, 2019; 24 

(2): 492, doi: 10.3390/molecules/24030492. 

16. Carvaldho JR, Machado MV. New insights about 

albumin and liver disease. Ann Hepatol, 2018; 17 

(4): 547-560. 

17. Chavan NS, Kardile PB, Deshpande KG, Kotgire 

NM. Studies on superoxide anion radical scavenging 

activity, antioxidant activity, and reducing power of 

methanolic and aqueous extract of different 

medicinal plants. J Pharmacogn Phytochem, 2018; 7 

(6): 1263-1267.  

18. Chegu K, Krupanidhi, Mounika K, Rajeswari M, 

Vanibala N. In vitro study of the anticoagulant 

activity of some plant extracts. World J Phar Pharm 

Sci, 2019; 7(5): 904-913. 

19. Cimanga K, de Bryune T, Lasure A, Li Q, Pieters L, 

Claeys M, Vanden Berghe D, Kambu K, Tona L, 

Vlietink AJ. Flavonoid O-glycosides from the leaves 

of Morinda morindoides. Phytochemistry, 1995a; 

38: 1301-1303.  

20. Cimanga K,  De Bruyne T,  Lasure A,  Van Poel B,  

Pieters L,  Vanden Berghe D,  Vlietinck A,  Kambu 

K,  Tona L. In vitro anticomplementary activity of 

constituents from Morinda morindoides. J Nat Prod, 

1995b; 58 (3): 372-378. 

21. Cimanga K. the biological active constituents from 

two African medicinal plants; Cryptolpeis 

sanguinolenta (Lindl.) Schleter (Periplocaeae) and 

Morinda morindoides (Baker) Milne Redhead 

(Rubiaceae). Doctorat Thesis, Universiteit Instelling 

Antwerpen, Antwerpen, Belgium, 1997a. 

22. Cimanga, K, De Bruyne T, Vlietinck AJ, Van Poel 

B, Claeys M, Pieters L, Kambu, K, Tona, L, Bakana, 

P ; Vanden Berghe D. Complement-modulating 

properties of a kaempferol 7-O-

rhamnosylsophoroside from the leaves of Morinda 

morindoides. Planta Med, 1997b, 63 (3): 220-223.  

23. Cimanga K ,  Hermans N, Apers S,  Van Miert S, 

Van den Heuvel H, Claeys M, Pieters L, Vlietinck 

AJ. Complement-Inhibiting iridoids 

from Morinda morindoides. J. Nat. Prod. 2003; 

66(1): 97–102. 

24. Cimanga, KR, Kambu, K, Tona, L, Hermans, N, 

Totté, J, Pieters, L, Vlietinck, A.J. Amoebicidal 

activity of iridoids from Morinda morindoides 

leaves. Planta Med, 2006a; 72: 751-753. 10.  

25. Cimanga, KR, Kambu, K, Tona, L, Hermans, N, 

Apers, S, Totté, J, Pieters, L, Vlietinck, AJ 

Cytotoxicity and in vitro susceptibility of 

Entamoeba histolytica to Morinda morindoides leaf 

extracts and its isolated constituents. J 

Ethnopharmacol, 2006b; 107(1): 83-90. 11.  

26. Cimanga KR, G. L. Tona GL , Kambu KO , Mesia 

KG J. J. T. Muyembe TJJ, Apers S, Pieters L, 

Vlietinck AJ. Antimalarial activity of some extracts 

and isolated constituents from Morinda morindoides 

leaves R. J Nat Rem, 2008; 8 (2): 191 – 202. 

27. Cimanga KR, Kikweta MC, Mbamu MB1, Kambu 

KO, Apers, S, Vlietinck, AJ , Pieters L. Assessment 

of acute and sub-acute toxicological profiles of the 

aqueous extract (decoction) from the leaves of 

Triclisia gilletii (De Wild.) Staner 

(Menispermaceae) in Wstar rats. Sch. Acad. J. 

Pharm., 2015; 4(7): 351-357.  

28. Cimanga KR, Makila BMF, Kambu KO, Tona LG, 

Vlietinck AJ, Pieters L. In vitro amoebicidal activity 

of aqueous extracts and their fractions from some 

medicinal plants used in traditional medicine as 

antidiarrheal agents in Kinshasa-Democratic 

Republic of Congo against Entamoeba histolytica. 

Eur J Biomed Pharm Sci, 2018; 5 (7): 103-114. 

29. Cotter SM. White blood cells in animals. 

https://www.msdoetmanual.com/circulatory-

sytsem/hemotopoietic-system-introduction/white-

blood-cells-in-animals, 2019. 

30. Da Fillepière L, Ouedrago Y, Some AA, Sawadogo 

TA, Sawadogo P, Bayaba B. Toxicity studies of the 

leaves of Senna alata medicinal plant from Burkina 

Faso in mice and rats. World J Pharm Pharm Si, 

2020; 9 (11): 85-75. 

31. Duric K,  Kovac-Besovic EE, Niksic H, Muratovic 

S, Sofic E. Anticoagulant activity of some Artemisia 

dracunculus leaf extracts Bosn.. J Basic Med 

Sci. 2015 May; 15(2): 9–14. 

32. Eghbaliferiz
 
S,  Iranshahi M. Prooxidant Activity of 

polyphenols, flavonoids, anthocyanins and 

carotenoids: Updated review of mechanisms and 

catalyzing metals. Phytother Res, 2016; 30 (9): 

1379-91. 

33. Ekin, S, Bayramoglu M, Goktanglu A, Ozyokce F, 

Kiziltas H. Antioxidant activity of aqueous and 

ethanol extracts of Crataegus meyeri Pojark leaves 

and contents of vitamin, trace element. J Chilean 

Chem Society, 2017; 62 (4), 

http:doi.org/10.4067/s0717-97072017000403661, 

2020. 

https://www.researchgate.net/profile/Zeenat-Ayoub
https://www.researchgate.net/scientific-contributions/Archana-Mehta-2143522398
https://www.researchgate.net/journal/Asian-Journal-of-Pharmaceutical-and-Clinical-Research-2455-3891
https://www.researchgate.net/journal/Asian-Journal-of-Pharmaceutical-and-Clinical-Research-2455-3891
http://doi.org/10.4067/s0717-9707207000403661
http://doi.org/10.4067/s0717-9707207000403661
https://www.researchgate.net/profile/Kartheek-Chegu
https://www.researchgate.net/institution/Krupanidhi_College_of_Pharmacy
https://www.researchgate.net/institution/Krupanidhi_College_of_Pharmacy
https://www.researchgate.net/profile/M-Rajeswari-3
https://www.researchgate.net/scientific-contributions/N-Vanibala-2157274786
https://www.researchgate.net/journal/WORLD-JOURNAL-OF-PHARMACY-AND-PHARMACEUTICAL-SCIENCES-2278-4357
https://www.researchgate.net/journal/WORLD-JOURNAL-OF-PHARMACY-AND-PHARMACEUTICAL-SCIENCES-2278-4357
https://pubmed.ncbi.nlm.nih.gov/?term=Cimanga+K&cauthor_id=7775983
https://pubmed.ncbi.nlm.nih.gov/?term=De+Bruyne+T&cauthor_id=7775983
https://pubmed.ncbi.nlm.nih.gov/?term=Lasure+A&cauthor_id=7775983
https://pubmed.ncbi.nlm.nih.gov/?term=Van+Poel+B&cauthor_id=7775983
https://pubmed.ncbi.nlm.nih.gov/?term=Pieters+L&cauthor_id=7775983
https://pubmed.ncbi.nlm.nih.gov/?term=Pieters+L&cauthor_id=7775983
https://pubmed.ncbi.nlm.nih.gov/?term=Vanden+Berghe+D&cauthor_id=7775983
https://pubmed.ncbi.nlm.nih.gov/?term=Vlietinck+A&cauthor_id=7775983
https://pubmed.ncbi.nlm.nih.gov/?term=Kambu+K&cauthor_id=7775983
https://pubmed.ncbi.nlm.nih.gov/?term=Tona+L&cauthor_id=7775983
https://pascal-francis.inist.fr/vibad/index.php?action=search&lang=en&terms=%22DE+BRUYNE%2C+T%22&index=au
https://pascal-francis.inist.fr/vibad/index.php?action=search&lang=en&terms=%22PIETERS%2C+L%22&index=au
https://pascal-francis.inist.fr/vibad/index.php?action=search&lang=en&terms=%22BERGHE%2C+D.+V%22&index=au
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Kanyanga++Cimanga
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Nina++Hermans
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Sandra++Apers
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Sabine++Van+Miert
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Hilde++Van+den+Heuvel
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Magda++Claeys
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Luc++Pieters
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Arnold++Vlietinck
https://www.msdoetmanual.com/circulatory-sytsem/hemotopoietic-system-introduction/white-blood-cells-in-animals
https://www.msdoetmanual.com/circulatory-sytsem/hemotopoietic-system-introduction/white-blood-cells-in-animals
https://www.msdoetmanual.com/circulatory-sytsem/hemotopoietic-system-introduction/white-blood-cells-in-animals
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duric%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26042507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kovac-Besovic%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=26042507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niksic%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26042507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muratovic%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26042507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sofic%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26042507
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4469941/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4469941/
https://pubmed.ncbi.nlm.nih.gov/?term=Eghbaliferiz+S&cauthor_id=27241122
https://pubmed.ncbi.nlm.nih.gov/?term=Iranshahi+M&cauthor_id=27241122


www.ejpmr.com          │         Vol 8, Issue 4, 2021.          │         ISO 9001:2015 Certified Journal         │ 

Cimanga et al.                                                              European Journal of Pharmaceutical and Medical Research 

266 

34. Embuscado ME. Spices and herbs: natural sources 

of antioxidants - a mini review. J Funct Foods, 2015; 

18 (1): 811-819. 

35. Enemor VHA, Okaka ANC. Sub-acute effects of 

ethanol extract of Sarcocephalus latifolius root on 

some physiological important electrolytes in serum 

of normal Wistar rats. Pakistan J Biol Sci, 2013; 16 

(23): 1811-1814. 

36. Esmaeili AK, Taha RM, Mohajer S, Banisalam B. 

Antioxidant Activity and total phenolic and 

flavonoid content of various solvent extracts from in 

vivo and in vitro Grown Trifolium pratense L. (Red 

Clover). Biomed Res Int, 2015; 2015, Article ID 

643285, http://dx.doi.org/10.1155/2015/643285: 1-

11. 

37. Elikok B, Cirak AC. Clinical hemtological and 

blood biochemical features of Camels. MOJ 

Immunol, 2018; 6 (5): 288-295. 

38. Gandhare B, Kavimani S, Rajkapoor B. Acute and 

sub-acute toxicity study of methanolic extract of 

Ceiba pentandra (Linn.) Gaertn. on rats. J Sci Res., 

2013; 5(2): 315-324. 

39. Giuxing P, Peng X, Xiaoyan S, Gan Z. 

Determination of volatile and polyphenol 

constituents and the antimicrobial, antioxidant and 

tyrosinase inhibitory activity of the bioactive 

compounds from by-products Rosa rugose Rhumb. 

var. plena Rega tea. BMC Complement Alternat 

Med, 2018; 18 (307):1-9. 

40. Gosh D, Mondal S, Ramukrishna K. Acute and sub-

acute (30-day) toxicity of Aegialitis rotundifolia 

Roxb. Leaves extracts in Wistar rats: safety as 

assessment of a rare mangrove traditionally utilized 

as pain antidote. Clin Phytosci, 2019; 5 (13): 1-16. 

41. https://en.wikipedia.org/wiki/Thyroid_hormones, 

2021. 

42. Imo C, Arowara KB, Ezeomu CS et al. Effect of 

ethanol extracts of leaf, seed and fruit of Datura 

metel on kidney function of albino rats. J Tradit 

Complement Med, 2019; 9 (4): 271-277.  

43. Izak M, Brussel JB. Management of 

thrombocytopenia. F1000Prime Rep. 2014; 4 (95), 

doi: 10.12703/P6-45. 

44. Jethinlalkhosh JP, Arun A, Praveena P, Victor ADD. 

Phytochemical, antioxidant, and free radical 

scavenging activities of hydro=ethanolic extract of 

aerial parts of Pothschandens L. Asian J Pharm Clin 

Res, 2016; 9 (3); 136-239. 

45. Kambu K. Eléments de Phytothérapie Comparés. 

Plantes Africaines. CRP, Zaire, 1990a. 

46. Kambu K, Tona L, Kaba S, Cimanga K, Mukala N. 

Activité antispasmodique d’extraits à partir de 

plantes utilisées en préparation comme 

antidiarrhéiques à Kinshasa, Zaïre. Ann Pharm 

Franc, 1990b; 48 (4): 200-208. 

47. Kambu K. Pharmacopée Traditionnelle de la 

République Démocratique du Congo. Première 

Edition. Ministère de la Santé Publique. République 

Démocratique du Congo, 2009.  

48. Khan AL, Hussain J,  Hamayun M,  Gilani SA. 

Secondary metabolites from Inula britannica L. and 

their biological activities. Molecules, 

2010; 15(3):1562-1577. 

49. Kebe EO, Victoria NI, Eze LI. The electrolytic 

effect of Sida acuta leaf extract in the kidney 

electrolyte of adult Wistar rats. J Biol Agric Health, 

2013; 3 (10): 116-123. 

50. Kennedy GL, Ferenz BL, Burgers BA. Estimation of 

acute oral toxicity in rats by determination of the 

approximative lethal dose rather the LD50. J Appl 

Toxicol, 1986; 6 (3): 145-148. 

51. Labiad MH, H. Harhar H, Ghanimi A,. Tabyaoui M. 

Phytochemical screening and antioxidant activity of 

Moroccan Thymus satureioïdes extracts. J Mater 

Environ Sci, 2017; 8 (6): 2132-2139.  

52. Lakshmibai R, Amirtham D. Evaluation of free 

radical scavenging activity of Mimosa pudica 

Thorns. Asian J Pharm Clin Res, 2018; 11 (11): 153-

156 

53. Lang J, Katz R, Joachim HI et al. Association of 

serum albumin levels with kidney function decline 

and incident chronic kidney disease in elders. 

Nephrol Dialy Transplant, 2018; 33 (6); 986-992. 

54. Lee KJ, Oh JS, Cho WK, Ma JY. Antioxidant and 

anti-inflammatory activity determination of one 

hundred kinds of pure chemical compounds using 

offine and online screening HPLC assay. Evid Based 

Complement Altern Med, 2015; 2015: 16547, 

doi;10.1155/2015/165457. 

55. Leyton M, Mellado M, Jara C, Montenegro I, S 

González S, Madrid A. Free radical-scavenging 

activity of sequential leaf extracts of Embothrium 

coccineum. Open Life Sci, 2015; 10: 256-264. 

DOI: https://doi.org/10.1515/biol-2015-0027. 

56. Liu J, Wang W, Yu H, Cao X, Wang Y, Liu R, Yan 

X, Liu H. Antioxidant activity of polysaccharides 

extracted from Lentinus edodes mycelia and their 

protective effects on ins-1-cells. Biosc J, 2016; 32 

(6): 1679-1688. 

57. Li-Hong G, Jao L, Zhao-Li Z, Qi-Chao L et al. 

Purification compositional analysis and antioxidant 

properties of polysaccharides from black Ginseng. 

Trop J Pharm Res, 2018; 8 (8): 24-31. 

58. Loha M, Mulu A, Abay SM, Eryete W, Gelela O. 

Acute and sub-acute toxicity of methanol extract of 

Sygynium guineense leaves. Evid-Based 

Complement Altern Med, 2019. 

https://doi.org/10.1155/2019/5702159r, 2020. 

59. Haddad M, Zein S, Sharour H, Hamadeh K, Karaki 

N, Hussein K. Antioxidant activity of water-soluble 

polysaccharide extracted from Eucalyptus cultivated 

in Lebanon. Asian Pac J Pharm Biomed, 2017; 7 (2): 

157-160. 

60. Maina VA, Maurice NA, Baraya YS, Owada AH, 

Hambolu DE et al. Effects of the rates organ weight 

in Leptadenia hastata treated white albino rats. J 

Exp Biol Agric Sci, 2013; 1 (1) : 26-31. 

61. Mital KA, Vijay RR, Pragnesh ND. Evaluation of 

antioxidant activities by use of various extracts from 

http://dx.doi.org/10.1155/2015/643285
https://en.wikipedia.org/wiki/Thyroid_hormones
https://www.researchgate.net/profile/Abdul-Khan-34
https://www.researchgate.net/profile/Javid-Hussain-2
https://www.researchgate.net/profile/Muhammad-Hamayun-3
https://www.researchgate.net/profile/Syed-Gilani-6
https://www.researchgate.net/journal/Molecules-1420-3049
https://doi.org/10.1515/biol-2015-0027
file:///C:/Users/AdnanAmin/Desktop/Evid-Based%20Complement%20Altern%20Med
file:///C:/Users/AdnanAmin/Desktop/Evid-Based%20Complement%20Altern%20Med
https://www.hindawi.com/journals/ecam/contents/year/2019/
https://doi.org/10.1155/2019/5702159
https://doi.org/10.1155/2019/5702159


www.ejpmr.com          │         Vol 8, Issue 4, 2021.          │         ISO 9001:2015 Certified Journal         │ 

Cimanga et al.                                                              European Journal of Pharmaceutical and Medical Research 

267 

Abutilon pannosum and Grewia tenax in the 

kachchh region. MOJ Food Process Technol. 2017;5 

(1): 216‒230. 

62. Mishra B, Priyandaryiri I, Kumar MS, Unnikrishnan 

BK, Mohan H. Effect of O-glycosilation of the 

antioxidant activity of free radical reactions of a 

plant flavonoids, chrysoeriol. Boorg Med Cham, 

2003; 11 (3): 2677-2685. 

63. Mukhopodhay D, Dasgupta P, Roy DS et al., A 

sensitive in vitro spectrophotometric hydrogen 

peroxide scavenging assay using 1,10-

phenanthroline. Free Rad Antiox, 2016; 6 (1): 124-

132. Musa, K. H., Abdullah, A., & Al-Haiqi, A. 

(2016). Determination of DPPH free radical 

scavenging activity: application of artificial neural 

networks. Food Chemistry, 194, 705-711. Musa, K. 

H., Abdullah, A., & Al-Haiqi, A. (2016). 

Determination of DPPH free radical scavenging 

activity: application of artificial neural networks. 

Food Chemistry, 194, 705-711. 

64. Musa, KH, Abdullah, A, Al-Haiqi, A.). 

Determination of DPPH free radical scavenging 

activity: Application of artificial neural networks. 

Food Chemistry, 2016; 194, 705-711. 

65. Ngonda F. In vitro antioxidant activity and free 

radical scavenging potential of root of Malawaim 

Trichodesna zeylanicum (Burm.f.). Asian J Biomed 

Pharm Sci, 2013; 3 (20): 21-25. 

66. Nsaka Lumpu, S, Kambu Kabangu, O, Tona Lutete, 

G, Cimanga Kanyanga R, Apers S, Pieters L, 

Vlietinck AJ. Assessment of the safety and 

tolerability of the aqueous extract of the stem bark 

of Alstonia congensis Engl. (Apocynaceae) in 

Wistar rats. In Recent Progress of Medicinal Plants. 

JN Govil (Ed.), 2013; 25: 201-210. 

67. Newinger HD. African Traditional Medicine. A 

Dictionary of Plant Use and Applications. With 

Supplement: Search System for Diseases. 

Medipharm Scientific Publishers, Stuttgarts, pp. 

343-344, 2000. 

68. Olugbami JO, Gbadegesin MA,  Odunola OA. In 

vitro free radical scavenging and antioxidant 

properties of ethanol extract of Terminalia 

glaucescens. Pharmacogn Res, 2015; 7 (1): 49-56.  

69. Piel-Julian ML,  Mahévas M,  Germain J, Languille 

L. Risk factors for bleeding, including platelet count 

threshold, in newly diagnosed immune 

thrombocytopenia adults. J Thromb Haemost, 2018; 

16(9):1830-1842. 

70. Pu W, Wang D, Zhou D. Structural characterization 

and evaluation of the antioxidant activity of phenolic 

compounds from Astragallus taipaishanensis and 

their structure-activity relationship. Scient Rep, 

2015; 5 (13914), https://doi.org/10.1038/srep13914. 

71. Qiwu Z, Bin W, Sijila W, Singu K, jianwei C, 

Huawei Z, Hang W. The antioxidant activity of 

polysaccharide derived from marine organisms: A 

review. Mar drug, 2019; 17 (12): 674, doi: 

10.3390/md17120674. 

72. Raghuvanshi D, Dhalaria R, Sharma A, Kumar D, 

Kumar H, Valis M, Kuča K, Verma R, Puri S. 

Ethnomedicinal Plants Traditionally Used for the 

Treatment of Jaundice (Icterus) in Himachal Pradesh 

in Western Himalaya-A Review. Plants (Basel), 

2021; 10 (2): 232. doi: 10.3390/plants10020232. 

73. Rajasekaran M, Kannabiran S. The study on acute, 

sub-acute toxicity and hematinic activity of Nimilai 

chenduram (Sidda formulation) in Wistar rats. Int J 

Pharm Res., 2012; 4: 1498-1503. 

74. Rani MS, Venkatesh P, Pippalla RS, Mohan GK. 

Biochemical and histological study of traditional 

plant: Dodonaea viscosa Linn extracts in diabetic 

rats. The J Phytopharmacol, 2013; 2 (4): 13-21. 

75. Raza A, Li F, Xu X, Tang J. Optimization of 

ultrasonic-assisted extraction of antioxidant 

polysaccharides from the stem of Trapa 

quadrispinosa using response surface methodology. 

International Journal of Biological Macromolecules, 

2016; 94 (Pt. A): 335–344. 

76. Rivière C, Thi Hong VH, Pieters L et al., 

Polyphenols isolated from antiradical extract of 

Mallotas metcalcianus. Phytochemistry, 2009; 

70(1): 91-99.  

77. Rusmana D, Wakyundiuningseh R, Marisha E et al. 

Antioxidant activity of Phyllanthus niruri extract, 

rutin and quercetin The Indonesian Biomed J, 2017; 

9(2): 84-90. 

78. Saeed N,  Khan MR, Shabbir M. Antioxidant 

activity, total phenolic and total flavonoid contents 

of whole plant extracts Torilis leptophylla L. BMC 

Complement Altern Med, 2012; 12: 221. 

https://doi.org/10.1186/1472-6882-12-221. 

79. Saha P, Mazumber UK, Haldar PK, Islam I, Kumar 

BS. Evaluation of acute and subchronic toxicity of 

Lagenaria siceraria aerial parts. Int J Pharm Sci 

Res., 2011; 2: 1507-1512. 

80. Salih DH. Study the liver function tests and renal 

function tests in diabetic patients. J Appl Chem, 

2013; 3 (3): 42-44. 

81. Sarian MN, Ahmed QU, So’ad SZM, Alhassan AM 

et al.. Antioxidant and antidiabetic effects of 

flavonoids : A structure-activity relationship based 

study. BioMed Res Int, 2017; 2017. 

https://doi.org/10.1155/2017/8386065. 

82. Shabi RR, Vasanthakumari B, Citarasu T. In vitro 

antioxidant activity of various leaf extracts of 

Canthium coromandelicum (Burm.F.) Alston. Asian 

J Pharm Clin Res, 2017, 10 (5): 214-218. 

83. Santos EdH, Oliveira DC, hasuiter A, Silva GB et 

al..,. Hematological and boichemical reference 

values for C57BL/6 Swiss Webster and BALB/c 

mice. Braz J Vet Res Anim Sci, 2016; 53 (2): 138-

145. 

84. Shareef I,  Reddy PJM. Gopinath SM, Dayanand KS 

et al., . Superoxide anion scavenging activity of 

Carthamus tinctorius flower. Int J Innov Res Sci 

Engin Technol, 2014;. 3 (3): 10101-10104. 

85. Shehani LB, Mangala G, Vera B, Seneviratne BD et 

al.,. Reference values for selected haematological, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Olugbami%20JO%5BAuthor%5D&cauthor=true&cauthor_uid=25598635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gbadegesin%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=25598635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Odunola%20OA%5BAuthor%5D&cauthor=true&cauthor_uid=25598635
https://pubmed.ncbi.nlm.nih.gov/?term=Piel-Julian+ML&cauthor_id=29978544
https://pubmed.ncbi.nlm.nih.gov/?term=Mah%C3%A9vas+M&cauthor_id=29978544
https://pubmed.ncbi.nlm.nih.gov/?term=Germain+J&cauthor_id=29978544
https://pubmed.ncbi.nlm.nih.gov/?term=Languille+L&cauthor_id=29978544
https://pubmed.ncbi.nlm.nih.gov/33504029/
https://pubmed.ncbi.nlm.nih.gov/33504029/
https://pubmed.ncbi.nlm.nih.gov/33504029/
javascript:;
javascript:;
javascript:;
https://doi.org/10.1155/2017/8386065
https://www.researchgate.net/profile/Ismail-Shareef
https://www.researchgate.net/scientific-contributions/PJM-Reddy-2115041331
https://www.researchgate.net/scientific-contributions/SM-Gopinath-2087761686
https://www.researchgate.net/scientific-contributions/KS-Dayananda-2087776830


www.ejpmr.com          │         Vol 8, Issue 4, 2021.          │         ISO 9001:2015 Certified Journal         │ 

Cimanga et al.                                                              European Journal of Pharmaceutical and Medical Research 

268 

biochemical and physiological,parameters of 

Sprague-Dawly rats at the animal house, Faculty of 

Medicine, University of Colombo, Sri Lanka. 

Animal Model Exp Med, 2018; 1 (4): 250-254. 

86. Shi M-J, Wei X, Xu J, Chen B-J, Zhao D, Cui S, 

Zhou T. 2017. Carboxymethylated degraded 

polysaccharides from Enteromorpha prolifera: 

preparation and in vitro antioxidant activity. Food 

Chemistry, 2017; 215 (1): 76–83 

87. Sila A., Bayar N., Ghazala I., Bougatef A., Ellouz-

Ghorbel R., and Ellouz-Chaabouni S., 2014a. Water-

soluble polysaccharides from agro-industrial by-

products: functional and biological properties. Int. J. 

Biol. Macromol., 69; (2): 236-243. 

88. Silva, K. D. R. R., & Sirasa, M. S. F. (2018). 

Antioxidant properties of selected fruit cultivars 

grown in Sri Lanka. Food chemistry, 238, 203-20. 

Silva, K. D. R. R., & Sirasa, M. S. F. (2018). 

Antioxidant properties of selected fruit cultivars 

grown in Sri Lanka. Food chemistry, 238, 203-20. 

89. Silva, KDRR, Sirasa, M. S. F. Antioxidant 

properties of selected fruit cultivars grown in Sri 

Lanka. Food chemistry, 2018; 238 (1): 203-208 

90. Slichter SJ. Relationship between platelet count and 

bleeding risk in thrombocytopenic patients. Transfus 

Med Rev, 2004; 18 (3): 153-67. 

91. Sofia CL, Margarida MM. Vitor DA. Antioxidant of 

natural plant origins: Food sources to food industry 

applications. Molecules, 2019; 24 (22): 4132, doi: 

10.3390/molecoles24224132. 

92. Sofna DS, Banjamahor, Nina A. Antioxidant 

properties of flavonoids. Med J Indones, 2015; 23 

(4); 240-244.): 4132, doi: 

10.3392/molecules/4224132. 

93. Sotler R, Poljšak B,  Dahmane R, Jukić T et al.,. 

Prooxidant activities of antioxidants and their impact 

on health. Acta Clin Croat. 2019 Dec; 58(4): 726–

736. 

94. Srimathi PK, Vijayalakshmi K. Investigation of 

antioxidant potential of quercetin and hesperidin: an 

in vitro approach. Asian J Pharm Clin Res, 2017; 10 

(11): 83-86. 

95. Sushant A, Manoj KB, Krisha D, Puspa K, Roshani 

G, Niranjan K. Total phenolic content, flavonoid 

content and antioxidant potential of wild vegetables 

from Western Nepal. Plants (Basel), 2019; 3 (4): 96.  

96. Tamwar H, Chanda S, Agrawal MJ, Mallaeswara 

BE, Gauju L. Imunopotentiating activity of an 

herbal adjuvant: its benefits thereof. In J 

Complement Alternat Med, 2019; 12 (3): 122-124. 

97. Tewari D, Mocan A, Parvanov ED, Sah AH et al. 

Ethnopharmacological approaches for therapy of 

jaundice: Part II. Highly used plant species form 

Acanthaceae, Euphorbiaceae, Asteraceae, 

Combretaceae and Fabaceae families. Front 

Pharmacol, 2017, 8 (516), doi: 

10.3389/fphar.eCollection2017. 

98. Tofighi Z, Alipaour F, Haduvena H, Abdollahi M, et 

al., Effective antidiabetic and antioxidant fractions 

for Otestegia persica extract and their constituents. 

Pharm Biol, 2014; 52 (8): 961-966. 

99. Tona L, Kambu K,  Ngimbi N, Cimanga K,  

Vlietinck AJ. Antiamoebic and phytochemical 

screening of some Congolese medicinal plants. J 

Ethnopharmacol, 1998, 61 (1): 57-65. 

100. Tona L, Kambu K, Ngimbi NP, Mesia K, Penge O, 

Lusakibanza M, Cimanga K, De Bruyne T, Apers S, 

Totté J, Pieters, L, Vlietinck AJ. Antiamoebic and 

spasmolytic activities of extracts from some 

antidiarrhoeal traditional preparations used in 

Kinshasa, Congo. Phytomedicine, 2000; 7(1): 31-8. 

101. Tona L, Mesia K, Ngimbi NP, Chrimwami B, 

Ookond’ahokak. Cimanga K, t. De Bruyne, T, Apers 

S, Hermans N, Totté J, Pieters L, Vlietinck AJ. In-

vivo antimalarial activity of Cassia occidentalis, 

Morinda morindoides and Phyllanthus niruri, Ann 

Trop Med Parasitol, 2001; 95 (1); 45-57. 

102. Tona
 
L,  Cimanga KR,  Mesia K,  Musuamba CT,  

De Bruyne T,  Apers S,  Hernans N, Van Miert 

S, Pieters L,  Totté J,  Vlietinck AJ . In vitro 

antiplasmodial activity of extracts and fractions from 

seven medicinal plants used in the Democratic 

Republic of Congo. J Ethnopharmacol, 2004; 93 (1): 

27-32. 

103. Tona LG, Cimanga KR, Kambu, KO, Totté 

J, Pieters L, Vlietinck, AJ. Phytochemical screening 

and in vitro antiamoebic activity of extracts from 

some antidiarrhoeal medicinal plants used in 

Kinshasa, Democratic Republic of Congo. 

Chemistry and Medicinal Value, 2009, (Sing VK, 

Govil JN, editors): 229-224. 

104. Tremi J, Karel S. Flavonoids as potent scavengers of 

hydroxyl radicals: flavonoids versus hydroxyl 

radical. Compr Rev Food Sci Saf, 2016; 15(4): 720-

728. 

105. Ugwah-Oguejohor LS, Okdi CO, Ugwah MO, 

Umaru ML et al. Acute and sub-acute toxicity in 

aqueous extract of aerial parts of Caralluma daizelii 

H. E.Brown in mice and rats. Heleyion, 2019; 5(1): 

e01179, doi: 10.1016/eliyon.7019.e01179. 

106. Yang X, Yan R, Huang S. Fu C. Antioxidant 

activities of fractions from Longan pericarps. Food 

Sci Technol Campiras, 2014; 34 (2): 341-345. 

107. Ulewicz-Magulska B,  Wesolowski M. Total 

Phenolic contents and antioxidant potential of herbs 

used for medical and culinary purposes. Plant Foods 

Hum Nutr , 2019; 74(1): 61-67. 

108. Unuofin JO, Otunola GA, Afolayan AJ
 
. Evaluation 

of acute and sub-acute toxicity of whole-plant 

aqueous extract of Vernonia mespilifolia Less. in 

Wistar rats. J Integr Med, 2018; 16 (5): 335-341 

109. Vigneswaran T, HS Muthu Mohamed HSMM, Doss 

A. Determination of in-vitro antioxidant activity of 

leaf extracts of Rhizophora mucronata Lam. 

(Rhizophoraceae). J Pharmacogn Phytochem, 2018; 

7 (5): 2251-2255.  

110. Wang J, Hu S, Shaoping Nie S, Yu Q, Mingyong 

Xie M. Reviews on Mechanisms of in 

vitro antioxidant activity of polysaccharides. Oxid 

https://pubmed.ncbi.nlm.nih.gov/?term=Slichter+SJ&cauthor_id=15248165
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sotler%20R%5BAuthor%5D&cauthor=true&cauthor_uid=32595258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Polj%26%23x00161%3Bak%20B%5BAuthor%5D&cauthor=true&cauthor_uid=32595258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dahmane%20R%5BAuthor%5D&cauthor=true&cauthor_uid=32595258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juki%26%23x00107%3B%20T%5BAuthor%5D&cauthor=true&cauthor_uid=32595258
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7314298/
https://www.sciencedirect.com/science/article/abs/pii/S0378874198000154#!
https://www.sciencedirect.com/science/article/abs/pii/S0378874198000154#!
https://www.sciencedirect.com/science/article/abs/pii/S0378874198000154#!
https://www.sciencedirect.com/science/article/abs/pii/S0378874198000154#!
https://www.sciencedirect.com/science/article/abs/pii/S0378874198000154#!
https://www.sciencedirect.com/science/article/abs/pii/S0378874198000154#!
https://www.researchgate.net/journal/0944-7113_Phytomedicine
https://pubmed.ncbi.nlm.nih.gov/?term=Tona+L&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=Cimanga+RK&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=Mesia+K&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=Musuamba+CT&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=De+Bruyne+T&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=De+Bruyne+T&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=Apers+S&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=Hernans+N&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=Van+Miert+S&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=Pieters+L&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=Tott%C3%A9+J&cauthor_id=15182900
https://pubmed.ncbi.nlm.nih.gov/?term=Vlietinck+AJ&cauthor_id=15182900
javascript:;
javascript:;
https://link.springer.com/journal/11130
https://link.springer.com/journal/11130
https://pubmed.ncbi.nlm.nih.gov/?term=Unuofin+JO&cauthor_id=30007829
https://pubmed.ncbi.nlm.nih.gov/?term=Otunola+GA&cauthor_id=30007829
https://pubmed.ncbi.nlm.nih.gov/?term=Afolayan+AJ&cauthor_id=30007829


www.ejpmr.com          │         Vol 8, Issue 4, 2021.          │         ISO 9001:2015 Certified Journal         │ 

Cimanga et al.                                                              European Journal of Pharmaceutical and Medical Research 

269 

Med Cell Longev, 2016; 2016: 1-13. 

http://dx.doi.org/10.1155/2016/5692852. 

111. Wang J, Fang X, Ge L, Cao F et al. Antitumor, 

antioxidant and anti-inflammatory activities of 

kaempferol and its corresponding glycosides and the 

enzymatic preparation of kaempferol. Plos One, 

2018; 3 (5):e09197563, doi; 

doi:10.1371/journal.pone/0197563. 

112. Xia OH, Cai X, Fan Y, Luo A. Antioxidant activity 

of water-soluble polysaccharides from Brasenia 

chreberi. J List Pharmacogn Mag, 2016; 12 (47): 

193-197. 

113. Zeng Y, Song J, Zhang M, Wang H, Zhang Y, Suo 

H. Comparison of in vitro and in vivo antioxidant 

activities of six flavonoids with similar structures. 

Antioxidants 2020, 9, 732: 1-14. 

doi:10.3390/antiox9080732. 

114. Zizhong T, Caixia Z, Yi C, Yujia T et al. 

Purification, characterization and antioxidant 

activities in vitro of polysaccharides from 

Amaranthus hybridus. Peer J, 2020; 8:e9077, 

Doi:107717/peerj.9077. 

115. Zhong Q,  Wei B,  Wang S, Songze K et al.,. The 

antioxidant activity of polysaccharides derived from 

marine organisms: An Overview. Mar Drugs., 2019; 

17 (12): 674. doi: 10.3390/md17120674. 

116. Zou, Y, Yiang A, Tian M. Extraction optimatization 

of antioxidant polysaccharides from Auricadaria 

auricula fruiting bodies. Food Sci Technol, 2015; 

35(3): 422-433. 

http://dx.doi.org/10.1155/2016/5692852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhong%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=31795427
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20B%5BAuthor%5D&cauthor=true&cauthor_uid=31795427
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31795427
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ke%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31795427
https://dx.doi.org/10.3390%2Fmd17120674

