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ABSTRACT:  The use of medicinal plants as natural antioxidants in the treatment of diabetes and cardiovascular 
diseases is on the increase. However, toxicity of the plants is also a major concern. Hence, this present study 
investigated the toxic and in vitro antioxidant a ctivities of aqueous extracts of Morinda lucida  and Saccharum 
officinarum leaves. Brine shrimp lethality assay for larvae nauplii  was used to evaluate the toxicity of the two plant 
extracts. The antioxidant potential of the plant extracts was examined by determining tannin content, total flavonoid 
content, total antioxidant capacity, 1,1 -diphenyl -2-picrylhydrazyl (DPPH) free radical  scavenging activity, in vitro 
lipid peroxidation, and nitric oxide (NO) scavenging assay. Both Morinda lucida  and Saccharum officinarum  showed 
the presence of tannin and flavonoids; additional presence of saponin, alkaloid and phenol were confirmed in 
Mor inda lucida  while the presence of steroids  was shown in Saccharum officinarum . Brine shrimp toxicity test 
revealed LC 50 of 112.2 µg/ml, 44,668.3 µg/ml, and 14.12 µg/ml for Morinda lucida, Saccharum officinarum , and the 
standard (Potassium dichromate) respe ctively. The amount of total flavonoid content was 23.08 mg per 100 g and 
5.28 mg per 100 g for M. lucida  and S. officinarum  respectively. Total antioxidant capacity assay showed 83.15 mg 
per 100 g for M. lucida  and 27.56 mg per 100 g for S. officinarum . Morinda lucida and Saccharum officinarum  showed 
IC50 values of 31.25 µg/ml and 68.75 µg/ml for DPPH free radical respectively. In Nitric oxide scavenging activities, 
IC50 values of Morinda lucida and Saccharum officinarum were 22.50 µg/ml and 21.88 µg/ml. I t can be concluded that 
M. lucida  and S. officinarum  are not toxic and possess antioxidant activities.  
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INTRODUCTION 

Reactive oxygen species (ROS) are generated during a wide 
variety of cellular functions and are involved to some extent 
as signaling molecules and defense mechanisms as seen in 
phagocytosis, neutrophil function, and shear-stress induced 
vasorelaxation (Johansen et al., 2005). Under normal 
physiological conditions, anti-oxidant enzymes and oxygen 
radical scavengers ensure that basal fluxes of ROS do not 
injure the host organism (Wood and Granger, 2007). 
However, an imbalance between oxidants and antioxidants 

in favour of the former may result in oxidative stress. 
Increased production of oxidants and/or decreased 
availability of antioxidants trigger(s) a cascade of oxidative 
reactions with pathological consequences which include 
damage to lipids, proteins, and DNA ultimately leading to 
(premature) cell death (Erfan et al., 2011). Antioxidants can 
protect the human body from deleterious effects of reactive 
oxygen species by impeding progress of many chronic 
diseases such as diabetes and cardiovascular diseases. 
Hence, a need for identifying a safe and alternative natural 
source of antioxidant is essential. 
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Morinda lucida Benth (Rubiaceae) is a medium-sized tree, 
about 15 m tall (lucifera). It is a tropical West Africa rainforest 
tree popularly known as Brimstone tree. It has different local 
names among different West Africa coumtries where the 
plant is found. The plant is called Atak or Ewe amake in 
Togo while Ghanains also call it Ewe amake, Twi or K˜n 
kr˜ mˆ. In Cote d!Ivoire, the plant is called Bondoukou 
alongua or Sangogo and ñruw— among the natives of 
Yorubaland, South-Western Nigeria (Dalziel, 1937). Different 
parts of Morinda lucida benth have been reported to possess 
medicinal properties. In Nigeria, the plant is widely used in 
the treatment of diabetes, typhoid fever, jaundice, and 
malaria (Akinmoladun et al., 2010).  

The Saccharum officinarum, family Poaceae, has been 
indicated as cardiotonic, expectorant, haemostatic, tonic, 
diuretic and useful in urinary disorders. It is generally called 
sugarcane while it is known as Ireke among the indigenous 
people of South Western Nigeria. Folkloric use of plants is an 
age-long practice in most regions of the world. However, 
administration of herbal preparations without any standard 
dosage coupled with non-availability of adequate scientific 
studies on their safety has raised concerns on their toxicity 
(Saad et al., 2006). This present study investigated the brine 
shrimp lethality and in vitro antioxidant activities of aqueous 
extracts of Morinda lucida and Saccharum officinarum 
leaves. 

MATERIALS AND METHODS  

Chemicals: All organic solvents and chemicals used in this 
study were of analytical grade from Sigma, Poole, UK and 
BDH Laboratory Supplies, UK. 

Plant Materials and preparation of extracts  

Fresh leaves of M. lucida benth and S. officinarum were 
collected from Ilaro, Ogun State, Nigeria in June 2012. The 
plants were identified and authenticated by a taxonomist in 
the herbarium, Department of Botany, University of Lagos, 
Akoka, Lagos. The voucher numbers were LUH 3819 and 
LUH 5516 for Morinda lucida benth and Saccharum 
officinarum respectively. 

The leaves of M. lucida and S. officinarum were air dried in 
an open space of laboratory. Aqueous infusions of the plants 
were prepared (bearing in mind that people usually use water 
for the herbal preparation, mimicking the native method of 
preparation) by cold maceration of 200 g of the pulverized 
plant material each in 1000 mL of distilled water. It was kept 
in the Laboratory at room temperature for 48 hours after 
which it was filtered using muslin cloth and filter paper. The 
filtrate was collected in a beaker; the water was allowed to 
evaporate over a water bath to yield 19.6 g and 15.4 g 
extract concentrate of M. lucida and S. officinarum 
respectively. The concentrates were dissolved in normal 
saline for this study.  

Phytochemical screening of crude extract  

Chemical constituents of the aqueous extracts were 
screened and identified by the methods described by 
Sofowara (1993), Trease and Evans (1989) and Harborne 
(1973). 

Test for Reducing Sugar (Fehling!s reagent): A 2 ml 
sample of the aqueous extract was boiled with equal volume 
of Fehling!s solutions A and B for 15 minutes. A brick red 
precipitate indicates the presence of reducing sugar. A 2 ml 
sample of the aqueous extract was boiled with1 ml dilute 
HCL for 15 minutes, cooled and neutralised with dilute 
ammonia. The reaction mixture was then boiled with equal 
volume of Fehling!s solution A and B for 15 minutes to give a 
more intensive brick red precipitate that indicated the 
presence of glycosides. 

Test for terpenoids  (Salkowski test) : A 5 ml sample of the 
extract was mixed in 2 ml of chloroform, and 3 ml 
concentrated H2SO4 was carefully added to form a layer. The 
formation of a reddish brown colouration at the interface was 
showed positive results for the presence of terpenoids. 

Test for steroids : A 5 ml sample of the extract was added to 
2 ml acetic anhydride and 2 ml H2SO4. The colour changed 
from violet to blue or green indicated the presence of 
steroids. 

Test for alkaloid: A 5 mg sample of the extract dissolved in 
3 ml of acidified ethanol was warmed slightly and then 
filtered. Few drops of Mayer!s reagent and 1 ml of 
Dragendroff!s reagent were added to 1 ml of the filtrate and 
turbidity was observed. 

Test for tannins: A few drops of 0.1% ferric chloride was 
added to the extract solutions and observed brownish-green 
or a blue-black coloration, which signified the presence of 
tannins. 

Test for flavonoids: The presence of flavonoids in the plant 
samples was determined as follows: (a) Five (5) ml of dilute 
ammonia solution was added to 5 ml of the extract solutions 
followed by the addition of concentrated H2SO4. A yellow 
coloration observed in each extract indicated the presence of 
flavonoids. (b) Few drops of 1% Aluminum solution were 
added to 2 ml of each extract. A yellow coloration was 
observed indicating the presence of flavonoids. (c) Five (5) 
ml of the extract solution was in each case heated with 10 ml 
of ethyl acetate over a steam bath for 3 minutes. The mixture 
was filtered and 4 ml of filtrate was shaken with 1 ml dilute 
ammonia solution. A yellow coloration indicated presence of 
flavonoids. 

Test for saponins: Five (5) ml of the extract solution was 
shaken vigorously for a stable persistent froth. The frothing 
was mixed with olive oil and shaken vigorously. The 
formation of emulsion indicated the presence of saponins in 
the samples. 
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Estimation of tannins : This was based on the method 
described in Van Burden and Robinson (1981). A 500 mg 
sample of the concentrate was added to 50 ml of distilled 
water, and shaken for one hour. A 5 ml aliquot of the filtrate 
was mixed with 2 ml of 0.1 M FeCl3 in 0.1 N HCl and 0.008 M 
potassium ferrocyanide. The absorbance was measured at 
720 nm within 10 minutes.  

Estimation of total phenolic compound: The amount of 
total phenol content was determined by Folin-Ciocateu 
reagent method (McDonald et al., 2001) using gallic acid as 
a standard following the method of Slinkard and Singleton 
(1977). A 0.5 ml sample of extract and 0.1 ml of Folin-
Ciocalteu reagent (0.5 N) were mixed and incubated at room 
temperature for 15 minutes. After this, 2.5 ml sodium 
carbonate solution (7.5% w/v) was added and further 
incubated for 30 minutes at room temperature. The 
absorbance of the solution was measured at 760 nm. The 
concentration of total phenol was expressed as gallic acid 
equivalent (GAE) (mg/g of dry mass) which is a commonly 
used reference value. 

Total flavonoid content estimation : Total soluble flavonoid 
of the extract was determined with aluminium chloride using 
quercetin as standard (Chang et al., 2002). A 1 ml of sample 
solution (100"g/ ml) was mixed with 3 ml of methanol, 0.2 ml 
of 10% Aluminum chloride, 0.2 ml of 1 M potassium acetate 
and 5.6 ml of distilled water. The resulting mixture was 
incubated at room temperature for 30 minutes and the 
absorbance of the reaction mixture was measured at 415 
nm. The calibration curve was prepared by preparing 
quercetin solutions at various concentrations in methanol. 

Total antioxidant capacity determination : The total 
antioxidant capacity of the extracts was determined using the 
method of Prieto et al., (1999). A sample of the extract (0.3 
ml) was mixed with 3 ml of reagent solution (0.6 M sulphuric 
acid, 28 mM sodium phosphate and 4 mM ammonium 
molybdate). The tubes were capped and incubated in a 
boiling water bath at 950 C for 90 minutes. After the samples 
had cooled to room temperature, the absorbance of the 
aqueous solution of each was measured at 695 nm. The total 
antioxidant capacity was expressed as equivalent of ascorbic 
acid. 

Collection and h atching of Shrimps : Sea water was 
collected from Lagos Bar Beach and filtered to remove dirt 
and sand particles. Artemia salina Leach (Brine shrimp) eggs 
were hatched in shallow rectangular container (7# 15 cm) 
filled to three quarter with the filtered sea water and the eggs 
were sprinkled into it. The bowl was partly covered to allow 
light to penetrate through the open space and allowed to stay 
in an undisturbed environment at a room temperature. After 
24 hours the phototropic shrimp larvae (nauplii) moved 
towards the illuminated side of the container, the newly 
hatched free-swimming pink-coloured nauplii were harvested 
from the bottom outlet as the cyst capsules floated on the 

surface, this collection method ensured pure harvest of 
nauplii. The freshly hatched free-swimming nauplii were used 
for the bioassay. 

Brine shrimp lethality test: Samples of each plant extract 
(100 mg) was dissolved in 20 ml of sea water to give a stock 
solution of 5000 µg/mL from which various concentrations of 
10, 100 and 1000 µg/ml solution were prepared. Potassium 
dichromate in concentration of 10, 100 and 1000 µg/ml was 
used as a positive control. All doses were prepared by serial 
dilution while sea water was used as the negative control.  
All these concentrations were in triplicate vials making nine 
vials of 5 ml each for each of the samples. In each vial, 10 
nauplii were transferred and the set up was allowed to 
remain for 24 hours, under constant illumination. After 24 
hours, the survived nauplii in each vial were counted with the 
aid of hand lens and the average number of survived larvae 
was determined. The graph of probit against logarithm of 
dose was plotted and the LC50 was determined. The percent 
(%) of mortality of the brine shrimp nauplii was calculated for 
each concentration using the following formula: 

%Mortality = (Nt/ N0) # 100 

                      

Where, Nt = Number of killed nauplii after 24 h of incubation, 

N0 = Number of total nauplii transferred, that is 10. 

The LC50 (Median lethal concentration) was then determined 
using Probit analysis. 

DPPH radical scavenging activity assay : The free radical 
scavenging activity of the extract, based on the scavenging 
of the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH) free 
radical was estimated according to the procedure described 
by (Cuendet et al., 1997 and Burits and Bucar, 2000). An 
aliquot of 0.5 ml of extract in ethanol (95%) at different 
concentrations (25, 50, 75, 100µg/ ml) was mixed with 2.0 ml 
of reagent solution (0.004 g of DPPH in 100 ml methanol). 
The control contained only DPPH solution in place of the 
sample while methanol was used as the blank. The mixture 
was vigorously shaken and left to stand at room temperature. 
After 30 minutes the decrease in absorbance of test mixture 
(due to quenching of DPPH free radicals) was read at 517 
nm. The scavenging effect was calculated using the 
expresion:   

% inhibition = [A0-A1] x 100  

                          A0 

Where A0 is the absorption of the blank sample and A1 is the 
absorption of the extract 

In vitro  lipid peroxidation assay: Lipid peroxidation was 
induced by Fe2+$ascorbate system in liver homogenate and 
estimated as thiobarbituric acid reacting substances 
(TBARS) by the method of Buege and Aust (1978). Freshly 
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excised rat liver was sliced and processed to obtain 10% 
homogenate in cold 150 mM KCl$Tris$HCl buffer. The 
reaction mixture contained liver homogenate, Tris$HCl buffer 
(20 mM pH 7.0), FeCl2 (2 mM), ascorbic acid (10 mM), and 
0.5 ml plant extract (25$100 µg/ml) in a final volume of 1 ml. 
The reaction mixture was incubated at 37 ¡C for 1 hour. Lipid 
peroxidation was measured as malondialdehyde (MDA) 
equivalent using trichloroacetic acid (TCA), thiobarbituric acid 
(TBA) and HCl (TBA-TCA reagent: 0.375 % w/v TBA; 15 % 
w/v TCA and 0.25 N HCl). The incubated reaction mixture 
was mixed with 2 mL of TBA-TCA reagent and heated in a 
boiling water bath for 15 minutes. After cooling, the flocculent 
precipitate was removed by centrifugation at 10,000 g for 5 
minutes. Finally, malondialdehyde concentration in the 
supernatant fraction was determined spectrophotometrically 
at 535 nm. The concentrations of extract that would cause 
50% inhibition of the production of thiobarbituric acid reactive 
substances (IC50 values) were calculated. Ascorbic acid was 
used as standard. 

Nitric oxide scavenging activity assay: The compound 
sodium nitroprusside is known to decompose in aqueous 
solution at physiological pH (7.2) producing NO¥. Under 
aerobic condition, NO¥ reacts with oxygen to produce stable 
products (nitrate and nitrite), which can be determined using 
Griess reagent. The absorbance of the chromophore that 
formed during diazotization of the nitrite with sulphanilamide 
and subsequent coupling with Naphthylethylenediamine 
dihydrochloride can be immediately read at 550 nm.  

A 4 ml sample of plant extract or standard solution of 
different concentrations (25, 50, 75, 100 µg/ml) were taken in 
different test tubes and 1 ml of Sodium nitroprusside (5 mM 
in phosphate buffered saline) solution was added into the 
test tubes. They were incubated for 2 hours at 30 ¡C to 
complete the reaction. A 2 ml sample was withdrawn from 
the mixture and mixed with 1.2 ml of Griess reagent (1% 
Sulphanilamide, 0.1% naphthylethylene diamine 
dihydrochloride in 2% H3PO4). The absorbance of the 
chromophore formed during diazotization of nitrite with 
sulphanilamide and its subsequent coupling with 
napthylethylene diamine was measured at 550 nm (Alisi et 
al., 2008). Ascorbic acid was used as standard. The 
percentage (%) inhibition activity was calculated from the 
following equation: [(A0 Ð A1)/A0] x 100. Where, A0 is the 
absorbance of the Control and A1 is the absorbance of the 
extract or standard. 

 

Statistical Analysis  

Results are presented as mean ± standard error of mean 
(SEM). Graphpad prism 5.0 software (Graphpad prism 
Software Inc., San Diego, CA, USA)was used for the 
descriptive statistics. 

 

RESULTS  

Phytochemical screening of M. lucida showed the presence 
of tannin, Saponin, alkaloid, phenol and flavonoids. S. 
officinarum contained tannin, steroid and flavonoids (Table 
1). 

Table 1: Preliminary Phytochemical screening of aqueous leaf 
extracts of M. lucida  and S. offficinarum  

 

As shown in the Table 2, the total phenolic compound, total 
flavonoid content, and total antioxidant capacity of M. lucida 
were 53.47 ± 0.02, 23.08 ± 0.04, and 83.15 ± 0.02 
respectively. S. officinarum showed 73.33 ± 0.03, 5.23 ± 0.02 
and 27.56 ± 0.03 for tannin, total flavonoid content and total 
antioxidant capacity.  Brine shrimp lethality assay showed 
LC50 of 14.12 µg/ml for the standard (potassium dichromate) 
while M. lucida and S. officinarum had 112.2 and 44668.3 
µg/ml respectively (Table 3). M. lucida showed maximum 
inhibition (65.18%) of DPPH free radical at 100µg/ml. It was 
clear that the free radical scavenging activities of the extract 
was in a concentration dependent manner. DPPH free 
radical scavenging activity was highest (51.62%) at 75 µg/ml 
in Saccharum officinarum extract. Morinda lucida, 
Saccharum officinarum, and the standard (Ascorbic acid) 
showed IC50 values of 31.25 µg/mL, 68.75µg/mL, and 
13.75µg/mL for DPPH free radical (Table 4).  

 

Table 2: Quant itative analysis of the plant extracts  

 

Table 3: Brine Shrimp Lethality Assay  

 

In vitro lipid peroxidation of M. lucida was significantly higher 
(33.76%) at 100 µg/ml compared to 8.16% at 25 µg/ml. This 
also was in a concentration dependent manner. S. 
officinarum showed highest percentage inhibition (51.34%) at 
100 µg/ml (Table 5).  
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Table 4: DPPH radical scavenging activity of the plant extracts . 

 

	  

Table 5: In vitro Lipid peroxidation activity of the plant extracts . 

 

 

Table 6: Nitric oxide scavenging activity of plant extracts . 

 

 

In nitric oxide scavenging activities, IC50 values of Morinda 
lucida, Saccharum officinarum, and the standard (Ascorbic 
acid) were 22.50 µg/ml, 21.88 µg/ml, and 16.25 µg/ml. Nitric 
oxide scavenging activity of Morinda lucida showed 
maximum inhibition (72.65%) at 75µg/ml; S. officinarum 
showed maximum inhibition (83.93%) at 100 µg/ml in a 
concentration dependent manner (Table 6). 

 
 
DISCUSSION 

Medicinal plants are of great importance to the health of 
people and have been widely used in the treatment of many 
diseases due to its bioactive components. High 
concentrations of flavonoids, alkaloids, tannins and saponin 
in leaf extracts of Morinda lucida have been reported (Asuzu 
and Chineme, 1990; Olajide et al., 1999; Ebiloma et al., 
2011). This study also confirmed the presence of these 
secondary metabolites. Saccharum officinarum, on the other 
hand, showed the presence of tannin, steroids and 
flavonoids. Presence of flavonoids, tannins, and alkaloids 
has been observed to possess various biological properties 
related to antioxidant mechanisms (Latha et al., 2003). They 
are effective hydrogen donors that inhibit the lipid oxidation 
and chelating metal ions, making them good anti-oxidants 
(shahidi, 1997). Antioxidant activity of aqueous leaf extract of 
Morinda lucida may be due to its total phenolic compound 
and flavonoid content.  Antioxidant activities of Saccharum 
officinarum may be attributed to the abundance of tannin it 
contains.  

The brine shrimp lethality assay was considered as a 
convenient probe for preliminary assessment of toxicity 
(Meyer et al., 1982). It can also be extrapolated for cell-line 

toxicity and anti tumour activity (Anderson, et al., 1991). 
Toxicity studies of Morinda lucida root bark have been 
reported by Ajaiyeoba et al. (2006). Toxicity of plant extracts 
is a major concern to scientists although the traditional 
practitioners are ignorant of this and use herbs 
indiscriminately. However, this present study showed M. 
lucida and S. officinarum leaves are not toxic when 
compared with the standard.  

DPPH radical is widely used as the model system to 
investigate the scavenging activities of several natural 
compounds (Bhaskar et al., 2007). DPPH is scavenged by 
antioxidants through the donation of proton forming the 
reduced DPPH which can be quantified by its decrease of 
absorbance (Chowdhury et al., 2011). Radical scavenging 
activity increased with increasing percentage of the free 
radical inhibition (Baskar et al., 2007). DPPH radical 
quenching of the two extracts as shown in the results 
indicated potent radical scavenging activities - an essential 
antioxidant property which offers protective effect against 
oxidants. 

Free radicals are continually produced in the body as a result 
of normal metabolic processes and interaction with 
environmental stimuli but when in excess they induce 
oxidative degradation of polyunsaturated fatty acids in areas 
like brain and liver causing formation of lipid radicals leading 
to membrane damage (Coyle and Puttfarcken, 1993; 
Moussa, 2008). Hence, inhibitory activities of M. lucida and 
S. officinarum extracts on lipid peroxidation were evaluated 
in this study.  The results shown revealed the anti-lipid 
peroxidant effects of the two extracts used in this study. 
These two plants may be useful in correcting dyslipidaemia 
which is commonly seen in diabetes, hypertension, and 
atherosclerosis. 

Nitric oxide is a potential pleiotropic mediator of various 
physiological processes such as smooth muscle relaxation, 
neuronal signalling, inhibition of platelet aggregation and 
regulation of cell-mediated toxicity (Thupurani et al., 2012). 
Nitric oxide maximum percentage inhibition of S. officinarum 
in the results is higher than that of the standard Ascorbic 
acid. M. lucida also showed high NO scavenging activity. 
These demonstrated the ability of the plants in arresting the 
chain of reactions initiated by excess generation of reactive 
nitric oxide species (NO.) that are deleterious to the human 
health (Hasan et al., 2009). This further lends credence to 
the antioxidant properties of M. lucida and S. officinarum as 
pharmacological remedies to ameliorate complications of 
diabetes and cardiovascular diseases which have placed 
great economic burden on both the developed and 
developing countries. These findings further demonstrate 
that the leaves extracts are not toxic and safe for human 
consumption as an alternative and complementary medicine. 

This present study demonstrated the antioxidant activities of 
Morinda lucida and Saccharum officinarum which may be 
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attributed to the presence of phenolic compounds tannins, 
and flavonoid content. They could be useful as therapeutic 
agents in the management of diabetes mellitus and 
cardiovascular diseases. The aqueous leaf extracts of the 
two plants are not toxic. 
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