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INTRODUCTION
A free radical is a molecular species characterized by 
the presence of an unpaired electron in its outermost 
orbital. The radicals derived from oxygen as well as 
from nitrogen are toxic, damaging and include reactive 
species such as hydroxyl radical, superoxide radical, 
peroxyl radical, peroxy nitrite radical, hypochlorous 
acid, hydrogen peroxide. These radicals are shown to 
play significant physiological roles such as regulation 
of signal transduction and gene expression, signaling  
molecules, receptor activation and nuclear transduction.  
However, increased production of these reactive  
species exerts a damaging effect on biomolecules such 
as nucleic acids, proteins and lipids resulting in oxida-
tive damage which is implicated in pathophysiological  
conditions such as cardiovascular diseases, neurode-
generative diseases, ageing and cancer. Strong restric-
tions have been placed on the use of synthetic antioxi-
dants such as BHT and BHA due to their suspected 
carcinogenic effects. Hence, much interest is devoted 
on searching potential alternatives for synthetic anti-
oxidants. Plants and their metabolites (in particular 
polyphenolic compounds) are shown to be the best 
resources for antioxidants.1-6 
The plant Rubus steudneri Schweinf. (Commonly 
known as gora) belongs to the family Rosaceae. It is 
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a scandent shrub (Figure 1) characterized by deeply  
furrowed stems that are greyish-tomentose and  
covered with stellate hairs or sometimes with prickles.  
The leaves are trifoliolate, doubly serrate, glabrate 
above and densely whitish-tomentose below. Inflo-
rescence is a terminal panicle, much-branched and 
the branches are glandular-tomentose. Petals are 
obovate-oblong, purplish and twice as long as the 
calyx. Fruits are edible and consumed. The plant is  
utilized ethno botanically as food as well as medicine.  
The decoction made from the roots is used as a 
remedy for indigestion, gastritis and diarrhoea. The 
plant is also used for treating diabetes mellitus.7,8 
Various parts of the plant (viz. leaf, stem and fruit) 
form a diet for gorillas in Bwindi Impenetrable 
National Park, Uganda.9 
Different parts of the plant are medicinally for 
reating rheumatism, stomachache, diarrhea and 
ough.10-13 Besides, the plant is also used as food 
ince it is edible and for other purposes such as 
rnamental purpose, as fence and for house con-
struction.14-19 Literatures have shown that the 
plant exhibits bioactivities such as antioxidant,20,21 
antimicrobial,7,12 and antiproliferative activities.21 
When literatures were surveyed, it was found 
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that the free radical scavenging activity and inhibition of lipid per-
oxidation of the plant especially fruits is not much investigated.  
Hence, the present investigation was conducted to evaluate radical  
scavenging and lipid peroxidation inhibitory activity of ripe and unripe 
fruit of R. steudneri. 

MATERIALS AND METHODS
Collection and Identification of plant
The plant material was collected at around Nekemte, located in the East 
Welega Zone of the Oromia Region, Ethiopia. The plant was identified 
on the basis of its characteristics. 

Extraction
The ripe and unripe fruits (undamaged) were collected, washed well to 
remove adhering extraneous matter and shade dried. The dried fruit 
materials were powdered in a blender. Extraction of ripe and unripe fruit 
powder was done by employing maceration process. A known quantity 
(10g) of ripe and unripe fruit powder was added to separate containers  
followed by adding 100 ml of methanol to both the containers. The  
containers were sealed, left for about 72 hr and stirred occasionally. The 
contents were filtrated through clean muslin cloth and then through 
Whatman No. 1 filter paper. The filtrates were evaporated to dryness in 
rotary evaporator.22 

Phytochemical Analysis
The ripe and unripe fruit extract was screened for the presence of  
phytochemicals viz. alkaloids, flavonoids, saponins, glycosides, tannins, 
triterpenoids and phytosterols by standard phytochemical tests.23-25

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity
The scavenging potential of different concentrations of ripe and unripe 
fruit extracts (6.25-200µg/ml) against DPPH radicals is investigated by 
following the protocol of Chandrashekar et al.26 Ascorbic acid was used 
as reference standard. The absorbance of reaction mixtures was read at 
517nm. The scavenging of DPPH radicals by extracts and ascorbic acid 
was determined using the formula:
Scavenging of DPPH radicals (%) = (C – T / C) x 100, where ‘C’ and 
‘T’ denotes the absorbance of DPPH control and absorbance of DPPH 
in presence of extract/standard. IC50 value for fruit extracts as well as 
ascorbic acid was calculated. IC50 value denotes the concentration of fruit 
extract/ascorbic acid required to scavenge 50% of DPPH radicals.

Hydroxyl radical scavenging assay
An in vitro method employed by Jiang et al.27 was performed to inves-
tigate the hydroxyl radical scavenging activity of various concentrations 
viz. 6.25-200µg/ml of ripe and unripe fruit extract of R. steudneri. The 
absorbance of reaction mixture was measured at 532nm. Ascorbic acid 
was used as reference standard. The scavenging of hydroxyl radicals (%) 
by fruit extracts was calculated using the formula: 
Hydroxyl radical scavenging activity (%) = 1- (absorbance of sample/
absorbance of blank) x 100. IC50 value for fruit extracts as well as ascorbic 
acid was calculated. IC50 value denotes the concentration of fruit extract/
ascorbic acid required to scavenge 50% of hydroxyl radicals.

Lipid peroxidation inhibition assay
The protocol described by Badmus et al.28 was used to determine inhibi-
tion of lipid peroxidation by different concentrations (6.25-200µg/ml) 
of fruit extracts and ascorbic acid (reference standard) by estimating 
the thiobarbituric acid reactive substances (TBARS). The absorbance of  

reaction mixtures was measured at 532nm. The inhibition of lipid  
peroxidation (%) was calculated using the formula:
Lipid peroxidation inhibition (%) = (C – T / C) x 100, where ‘C’ and ‘T’ 
represents to absorbance of control and absorbance of test respectively. 
IC50 value was calculated and the IC50 value represents the concentration 
of fruit extract/ascorbic acid required to produce a 50% inhibition of 
lipid peroxidation.

Statistical analysis
All experimental determinations were carried out in triplicates (n=3). 
The results are represented as Mean±Standard deviation (S.D). IC50 value 
for extracts and reference standard was calculated by linear regression 
analysis using Origin (Data Analysis and Graphing) Software version 7.0 
for windows.

RESULTS AND DISCUSSION
Phytochemicals detected in ripe and unripe fruit 
extracts
Plants produce a myriad of primary and secondary metabolites. The 
secondary metabolites belong to different classes of compounds such 
as alkaloids, polyphenols and terpenoids and are distributed in various 
parts of the plant such as root, leaves, flower and seeds. The medicinal 
and pharmacological properties of plants are due to the presence of these 
secondary metabolites as indicated by several studies. Conventional and  
nonconventional methods have been widely used to extract plant  
materials. Several methods such as standard phytochemical tests, 
GC-MS, HPLC and other chromatographic and spectral analyses have 
been employed to screen the plants for the presence of secondary metab-
olites.29-33 The preliminary phytochemical analysis of extract of ripe and 
unripe fruit of R. steudneri is shown in Table 1. Ripe fruit extract was 
found to possess all phytochemicals tested while unripe fruit extract was 
shown to contain all phytochemicals except glycosides.

Scavenging of DPPH radicals by ripe and unripe fruit 
extracts
Among various in vitro antiradical assays, DPPH assay is one of the 
most widely used assays as it is simple, inexpensive, rapid, and the 
results obtained are reproducible. This method was originally described  
by Blois. DPPH radical is a nitrogen centred organic free radical  
having purple color and shows an absorption maximum at 515-520nm  
in alcoholic solutions. On interacting with a substance with proton 
donating property (an antioxidant), the radical is converted into DPPHH 
and the color changes from purple to yellow (diphenylpicrylhydrazine).  
This method is widely used to evaluate antiradical potential of plant 
extracts.4-6,34-37 In the present study, we determined the antiradical activ-
ity of ripe and unripe fruit extract of R. steudneri by DPPH assay and  
the results are shown in figure 2. It was observed that the extract exhibited  
concentration dependent scavenging of radicals. Radical scavenging 
of >50% was observed at extract concentration of 25µg/ml and higher  
while ascorbic acid displayed scavenging activity of >50% at concentration  
12.50µg/ml. Both the extracts displayed more or less similar scavenging  
activity, however, marked scavenging potential was displayed by ripe 
fruit extract (IC50 value 16.04 µg/ml) when compared to unripe fruit  
extract (IC50 value 18.65µg/ml). When compared to fruit extracts, ascorbic  
acid displayed higher scavenging potential as it scavenged DPPH radicals  
dose dependently with an IC50 value of 14.18µg/ml. At 200µg/ml  
concentration, the scavenging activity observed was 93.19%, 97.51% 
and 100% in case of ripe fruit extract. It is clear from the result that the 
fruit extracts possess hydrogen donating and radical scavenging ability 
and thereby they can act as primary antioxidants. In an earlier study, 
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Tadesse et al.20 found DPPH scavenging potential of solvent extracts of  
R. stuedneri leaves with marked activity being exhibited by 80% methanol  
extract followed by acetone and methanol extracts. In another study, 
Tauchen et al.21 showed the potential of 80% ethanol extract of roots and 
leaves and twigs of R. steudneri to scavenge DPPH radicals.

Scavenging of hydroxyl radicals by ripe and unripe fruit 
extracts 
The hydroxyl radicals are the chemically most reactive species of activated 
oxygen and are formed by successive reduction of molecular oxygen 
during metabolism. Hydroxyl radicals are primarily responsible for the  
cytotoxic effects of oxygen in animals, plants as well as microorganisms.  
Hydroxyl radicals unspecifically attacks the biomolecules such as poly-
saccharides, nucleic acids and proteins located less than a few nanometers  
from their site of generation and are known to be involved in a number  
of cellular disorders such as inflammation, embryo teratogenesis and cell 
death, and killing microorganisms during pathogen-defense reactions. 
These radicals are also involved in initiation of lipid peroxidation. 
Hydroxyl radicals are produced by Fenton reaction which involves the 
reaction between hydrogen peroxide and metal ions. The removal of  
hydroxyl radicals by their scavenging seems to be very important anti-
oxidant activity and several studies have revealed the promising effects 
of extracts from many plants to scavenge hydroxyl radicals.4,27,38,39,40 The 
result of scavenging of hydroxyl radicals by ripe fruit and unripe fruit 
extract of R. steudneri is shown in Figure 3. Both the extracts displayed  

marked and concentration dependent scavenging of hydroxyl radicals. 
A scavenging activity of 50% and higher was recorded at extract concen-
tration of 25µg/ml and higher in case of both extracts and ascorbic acid. 
At concentration 200µg/ml, the scavenging activity displayed by ripe 
fruit, unripe fruit and ascorbic acid was found to be 79.19%, 66.61% and 
76.81% respectively. Based on IC50 value, the scavenging potential was in 
the order: ripe fruit extract (IC50 value 16.95µg/ml) > ascorbic acid (IC50 
value 22.37µg/ml) > unripe fruit extract (IC50 value 24.45µg/ml).

Inhibition of lipid peroxidation by ripe and unripe fruit 
extracts
It is shown that the lipid peroxidation process occurs through free radical 
chain reactions and results in damage caused to biological membrane 
leading to significant loss of membrane functioning. Lipid radicals are 
formed by the reaction between lipids and free radicals. On interacting 
with the molecular oxygen, it further forms lipid peroxyl radicals. These 
radicals continue the peroxidation process by extracting hydrogen atoms 
from other lipid molecules. Substances (antioxidants) with the ability to 
donate hydrogen can disturb this propagation process and thereby such 
compounds inhibit lipid peroxidation. It is evident that plants exhibit  
lipid peroxidation inhibition property which is mainly through radical  
scavenging property.28,41-44 In the present study, we evaluated the 
potential of fruit extracts of R. steudneri to inhibit lipid peroxidation. 
Figure 4 shows lipid peroxidation inhibitory activity of ripe fruit and 
unripe fruit extracts of R. steudneri. Both extracts displayed marked 

Figure 2: Scavenging of DPPH radicals by ripe and unripe fruit extracts

Figure 3: Scavenging of hydroxyl radicals by ripe and unripe fruit extracts

Figure 1: Rubus steudneri (Photograph by Raghavendra H.L)

Figure 4: Inhibition of lipid peroxidation by ripe and unripe fruit extracts



Raghavendra, et al.: Raghavendra, et al.: Antiradical and Lipid Peroxidation Inhibitory Activity of Rubus steudneri

Pharmacognosy Journal, Vol 10, Issue 4, Jul-Aug, 2018� 821

inhibition of lipid peroxidation in a concentration dependent manner.  
Extract from ripe fruit exhibited stronger inhibitory effect on lipid  
peroxidation when compared to unripe fruit extract. An inhibitory 
activity of 50% and higher was recorded at concentration of 25µg/ml 
and 100µg/ml of ripe and unripe fruit extract respectively. At 200µg/ml 
concentration, only ripe fruit extract and ascorbic acid displayed >70%  
inhibition of lipid peroxidation. The inhibitory activity against lipid  
peroxidation by fruit extracts and ascorbic acid was in the order: ascorbic  
acid (IC50 value 19.69µg/ml) > ripe fruit extract (IC50 value 21.31µg/ml) 
> unripe fruit extract (IC50 value 70.96µg/ml). 

CONCLUSION
Both ripe and unripe fruit of R. steudneri exhibited marked concentration  
dependent radical scavenging and lipid peroxidation inhibitory activity.  
Overall, ripe fruit extract displayed stronger antiradical and lipid per-
oxidation inhibitory activity when compared to unripe fruit extract. The 
free radical scavenging nature of extract could be related to the lipid 
peroxidation inhibitory potential of extracts. The observed bioactivities 
could be ascribed to the presence of flavonoids and phenolic compounds 
detected in the fruit extracts. In suitable form, the fruit of R. steudneri 
can be developed as therapeutic agent against oxidative damage caused 
by free radicals. 
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ABBREVIATIONS
IC: Inhibitory concentration; DPPH: 2,2-diphenylpicryl-1-hydrazyl; 
GC-MS: Gas chromatography-Mass spectrometry; HPLC: High-perfor-
mance liquid chromatography; BHA: Butylated hydroxyanisole; BHT: 
Butylated hydroxytoluene; TBARS: thiobarbituric acid reactive sub-
stances.
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GRAPHICAL ABSTRACT SUMMARY

•  Rubus steudneri is an important medicinal plant (native to  
Africa) belonging to the family Rosaceae. The fruit of R. steudneri is edible and 
is consumed in different parts of Africa. The present study revealed marked an-
tiradical and lipid peroxidation inhibitory activity of ripe and unripe fruit extract 
of R. steudneri. Overall, the ripe fruit extract displayed marked activity when 
compared to unripe fruit extract. The study appears promising as the edible 
fruit of R. steudneri is shown to exhibit potent antioxidant activity indicating its 
possible role in therapy against free radical induced damage.
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