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ABSTRACT 

Objectives: The present investigation has been undertaken to study the antioxidant and analgesic potential of Rubus fairholmianus. 

Materials and methods: The leaf, stem and root of the plant were extracted successively in Soxhlet and subjected to quantification (total phenolics, 
tannins and flavonoids) and in vitro antioxidant assays such as ABTS, phosphomolybdenum, metal chelating, nitric oxide and super oxide radical 
scavenging assays. R. fairholmianus root acetone extract (RFRA) was tested for the analgesic property using acetic acid induced model. 

Results: The RFRA depicted higher content in the quantification of total phenolics and flavonoids. The extract possess good radical scavenging 
activity in ABTS, phosphomolybdenum, metal chelating, nitric oxide and super oxide radical scavenging assays. 200 and 400 mg/kg of RFRA showed 
significant activities for analgesic activity in acetic acid induced model. RFRA higher dose showed superior activity compared to lower dose. 

Conclusion: This study could suggest that the use of R. fairholmianus as a valuable natural antioxidant, analgesic drug and has immense scope as an 
effective source to fight against the free radical generated diseases. 
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INTRODUCTION 

The genus Rubus is very diverse, includes over 750 species in 12 
subgenera, and is found on all continents except Antarctica [7]. 
Due to useful Ethnomedicinal and pharmacological properties; 
Rubus species has been used in folk medicine [8]. R. 
fairholmianus (R. moluccanus L.) leaf extract is taken early in the 
morning to reduce headache by Koch- Rajbongshi and Rangia 
tribes [9]. The leaves possess insecticidal properties; fruits are 
edible and stimulant [10]. A survey of literature revealed that 
the antioxidant and analgesic potentials of this plant have not 
yet been evaluated. In this study we are following the 
quantification assays, in vitro antioxidant assays and analgesic 
activity for the evaluation of antioxidant and analgesic potential 
of R. fairholmianus.  

MATERIALS AND METHODS 

Plant collection and extraction 

The fresh plant parts of R. fairholmianus were collected from 
Marayoor Shola forest, Kerala, India, during September 2010. The 
plant material was identified and authenticated by (Voucher 
specimen No. BSI/SRC/5/23/2010-11/Tech. 1657) Botanical Survey 
of India, Southern circle, Coimbatore, Tamil Nadu. The powdered 
leaf, stem and root were extracted successively using Soxhlet and 
macerated using hot water. The extracts were concentrated in a 
rotary evaporator to yield dried petroleum ether, chloroform, 
acetone, methanol and hot water extracts. 

Chemicals 

6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 
polyvinyl polypyrrolidone (PVPP) and 2,2’-azinobis(3-ethyl-
benzothiozoline-6-sulfonic acid disodium salt (ABTS) from Sigma 
Chemical Co., Folin–Ciocalteau reagent, ethylene diamine tetra-acetic 
acid (EDTA) disodium salt, ferrous chloride, ferrous ammonium 
sulphate, potassium persulfate, ferric chloride, sodium nitroprusside, 
2,4,6- tripyridyl-s-triazine (TPTZ), ammonium molybdate, Butylated 
hydroxy toluene (BHT), Butylated hydroxy anisole (BHA) and α-
tocopherol were obtained from Merck India Ltd.. All the other 
chemicals and solvents used were of analytical grade. 

Quantification of total phenolics and tannins 

The total phenol content was determined by the method of Siddhuraju 
and Becker [11]. The analysis was performed in triplicates and the 

results were expressed in Gallic acid equivalents (GAE). The same 
extract can be used to estimate the tannin content by treating with 
polyvinyl polypyrrolidone (PVPP) [12]. The phenolic content of the 
supernatant was measured and expressed as the content of non 
tannins phenolics on a dry matter basis. From the above results, the 
tannin content of the sample was calculated as follows: Tannin (%) = 
Tannin phenolics (%) – Non tannin phenolics (%) 

Estimation of total flavonoids 

The flavonoid contents of all the extracts were quantified according 
to Zhishen et al. [13]. The results were expressed in Rutin 
equivalents (RE). 

Determination of in vitro antioxidant activities 

Trolox equivalent antioxidant capacity (TEAC) assay 

The total antioxidant activity of the samples was measured by ABTS 
radical cation decolourization assay according to Re et al. [4]. The 
unit of total antioxidant activity (TAA) is defined as the 
concentration of Trolox having equivalent antioxidant activity 
expressed as μM/ g sample extracts. 

Phosphomolybdenum assay 

The antioxidant activity of samples was evaluated by the green 
phosphomolybdenum complex formation according to the method 
of Prieto et al. [6]. The results were expressed in milligrams of 
ascorbic acid equivalents per gram extract.  

Metal chelating activity 

The chelation of ferrous ions by various samples was estimated by 
Dinis et al. [14]. The metal chelating capacities of the extracts were 
evaluated using the following equation: Metal chelating capacity (%) 
= (Control OD – Sample OD/ Control OD) × 100 

Nitric oxide radical scavenging activity 

The procedure is based on the method of Sreejayan and Rao [15]. The 
inhibition percentage was calculated using the formula: % of radical 
scavenging activity = (Control OD – Sample OD / Control OD) × 100 

Superoxide radical scavenging activity 

The assay was based on the capacity of various extracts to inhibit 
formazan formation by scavenging the superoxide radicals 
generated in riboflavin–light–NBT system [16]. The scavenging 
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activity on superoxide anion generation was calculated as: % of 
inhibition = (Control OD – Sample OD / Control OD) × 100.  

Animals and acute toxicity study 

Healthy Swiss albino mice (25-30g) of either sex and of approximately 
the same age were used for the study. They were fed with standard 
chow diet and water ad libitum and were housed in polypropylene 
cages in a well maintained and clean environment. The experimental 
protocol was subjected to scrutiny of institutional animal ethical 
committee for experimental clearance (KMCRET/Ph.D/03/2011). 

The acute toxicity was performed as per Organization for Economic 
Co-operation and Development guidelines [17]. Swiss albino mice 
were used to assess the toxicity level. The root acetone extract at 
dose of 100, 500, 1000 and 2000 mg/kg was administered to 3 male 
and 3 female mice in a single dose orally. The mice were fasted 3 h 
prior to the dosage. Animals are observed individually after drug 
administration at least once during the first 30 minutes, periodically 
during the first 24 h, with special attention given during the first 4 h, 
and daily thereafter, for a total of 14 days. 

Analgesic activity 

Peripheral and central analgesic activities of the R.fairholmianus root 
acetone extract were carried out in albino mice using acetic acid-
induced writhing and hot plate methods, respectively. 

Acetic acid induced writhing test 

Male Swiss albino mice were divided into four groups with six animals 
each. Group 1 served as control group 2 received standard drug 
Aspirin (100 mg/kg); group 3 and 4 received root acetone extract at 
doses of 200 mg/kg and 400 mg/ kg. The acetic acid 0.6% v/v (10 
ml/kg, i.p.) was injected intraperitoneally 1 h after administration of 
the drugs. After administration of acetic acid, number of writhes 
(abdominal muscle contractions) was counted over a period of 15 min 
and immediately after acetic acid injection (0 time) [18,19]. Analgesic 
activity was expressed as the percentage protection against writhing 

produced by the tested extract compared with writhing at 0 time. 
Aspirin and root acetone extract were suspended in carboxy methyl 
cellulose (0.1%) before oral administration. 

Statistical analysis 

All the values are expressed as mean±SEM. The values are analyzed 
using one-way ANOVA and the significance of the difference 
between means was determined by Duncan’s, Tukey Kramer 
multiple comparisons or Dunnet multiple range test using SPSS and 
GraphPad InStat3 software. 

RESULTS  

Total phenolics/ tannins/ flavonoids content 

The amount of total phenolics, tannins and flavonoids of different 
extracts of leaf, stem and root of R. fairholmianus are shown in Table 
1. The total phenolics were found to be higher in acetone extract of 
root (63.53 g GAE/100g extract) followed by leaf acetone (53.75 g 
GAE/100g) and stem methanol (45.71 g GAE/100g) respectively. It 
has been investigated in many plant species that the total phenolics 
could significantly contribute to the antioxidant capacity of that 
species. Therefore, the higher amount of phenolics in all the parts of 
R. fairholmianus can be taken as a good indication for its higher 
antioxidant capacity. 

The total tannins were found to be higher in acetone extracts of leaf 
(35.27 g GAE/ 100g) followed by stem methanol (33.53 g 
GAE/100g) and root acetone (30.67 g GAE/100g). By comparing 
total phenolics and total tannins, it was found that the proportion of 
free phenolics was higher in acetone and methanol extract of root. 
Root was found to have appreciable flavonoid content in acetone 
extract (981.33 mg RE/g extract). The amount of flavonoids of leaf 
acetone and stem chloroform are 778.67 and 528.57mg RE/ g 
extract respectively. Flavonoids are one of the most diverse and 
important group of natural phenolics. Stem methanolic extract, leaf 
and root acetone extract showed significantly high (p<0.001) 
contents of total phenolic, tannin and flavonoid.  

[ 

Table 1: Total phenolics/ tannins/ flavonoids contents of R. fairholmianus 

Plant/ part  Extracts  Phenolic (g Gallic acid 
equivalents/100 g extract) 

Tannin (g Gallic acid 
equivalents/100 g extract) 

Flavonoid (mg Rutin 
equivalents /g extract) 

  
Rubus fairholmianus 
/ Leaf 

Pet. Ether 09.94±0.27d 04.03±0.73c 472.95±1.03b 

Chloroform 11.43±1.77d 04.62±0.75c 439.62±5.46b 

Acetone 53.75±0.54a 35.27±0.08a 778.67±6.62a 

Methanol 51.15±1.19b 34.93±2.31a 416.19±2.61b 

Hot Water 27.03±0.54c 19.30±0.58b 125.71±8.87c 

 
Rubus fairholmianus 
/ Stem 

Pet. ether 08.63±0.17d 02.30±0.70c 439.62±1.34ab 

Chloroform 08.04±0.46d 01.15±0.00c 528.57±2.95a 
Acetone 23.75±2.95b 10.03±2.38b 418.67±2.39ab 
Methanol 45.71±1.73a 33.53±1.13a 268.00±1.03bc 
Hot Water 18.66±3.30c 11.26±1.57b 115.81±1.07c 

 
Rubus fairholmianus 
/ Root 

Pet. ether 10.87±1.05c 04.06±1.47cd 512.76±5.74b 
Chloroform 10.64±2.75c 00.81±2.46d 338.29±1.15c 
Acetone 63.53±3.64a 30.67±3.77a 981.33±3.30a 
Methanol 39.05±0.59b 24.99±1.89b 281.33±3.11c 
Hot Water 14.03±1.23c 07.76±0.27c 109.71±3.98d 

Values are mean of triplicate determination (n=3) standard deviation, GAE -gallic acid equivalents, RE- rutin equivalents. 

a- p <0.001, b- p <0.01, c- p <0.05, d- not significant compared with standard. 

Table 2: ABTS/ Phosphomolybdenum/ Metal chelating Activities of R. fairholmianus 

Plant/ part Extracts TEAC (µM Trolox 
Equivalents/ g extract) 

Phosphomolybdenum  
(TACɀmg AAE/ 100 g extract) 

Metal chelating (µg EDTA 
Equivalents/mg extract) 

 
Rubus fairholmianus 
/ Leaf 

Pet. Ether 971.99±21.46c 45.07±2.51a 1.67±0.52d 
Chloroform 749.25±11.50c 48.40±2.42a 4.47±0.37c 
Acetone 8687.20±9.24a 68.91±3.57a 8.61±0.37b 
Methanol 6722.96±8.04b 66.74±6.78a 8.76±0.32b 
Hot Water 762.75±2.38c 49.75±2.00a 15.85±0.43a 

 
Rubus fairholmianus 
/ Stem 

Pet. ether 270.00±5.09c 47.76±2.13a 0.74±0.27e 
Chloroform 587.25±8.27c 55.30±2.75a 3.51±0.14d 
Acetone 3766.48±4.10b 64.93±3.70a 10.41±0.37b 
Methanol 9146.20±9.63a 85.10±4.71a 7.14±1.02c 
Hot Water 3179.23±6.52b 53.13±2.93a 14.59±0.49a 

 Pet. ether 783.00±54.81c 63.94±3.07a 1.88±0.27c 
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Rubus fairholmianus 
/ Root 

Chloroform 810.00±7.15c 64.70±3.75a 3.00±0.49c 
Acetone 14431.42±6.76a 92.36±56.89a 10.40±0.25b 
Methanol 8140.45±4.31b 94.09±59.23a 9.36±0.44b 
Hot Water 1633.49±1.09c 90.719±55.023a 22.97±3.27a 

Values are mean of triplicate determination (n=3) ± standard deviation. TEAC- trolox equivalent antioxidant capacity, TAC- total antioxidant 
capacity; AAE- ascorbic acid equivalents, EDTA – ethylene diamine tetra acetic acid . p<0.001, b- p <0.01, c- p <0.05, d- not significant compared with 
standard extracts because TEAC is operationally simple. Since, the total phenolic content in different extracts of R. fairholmianus seems appreciable, 
the total antioxidant activity (TAA) of such samples are sufficient enough for functioning as potential neutraceuticals when they are ingested along 
with nutrients.  

Trolox equivalent antioxidant capacity (TEAC) assay 

The results of ABTS·+ cation radical scavenging activities are 
presented in Table 2. The acetone extracts of root showed significant 
(p<0.001) radical scavenging activity (14431.42 µM TE/g) followed 
by stem methanol and leaf acetone (9146.20 and 8687.20 µM TE/g 
extract). ABTS, a stable free radical used to study the radical 
scavenging effects of different organic  

Phosphomolybdenum assay 

The total antioxidant capacity of different solvent extracts were 
analyzed and shown in Table 2. The better antioxidant capacity was 
shown by methanol and acetone extract of root (94.09 and 92.36 g 
AAE/ 100 g extract respectively). The acetone and methanol extracts 
of all the parts showed good antioxidant capacity.  

Metal chelating activity  

The metal chelating activities of R. fairholmianus were given in Table 
2. Methanol, hot water and acetone extracts showed better 
scavenging ability in all the parts. The metal chelating capacity in hot 
water extracts of root, leaf and stem were found to be 22.97, 15.85 
and 14.59 µg EDTA Equivalents/mg extract respectively. Metal 
chelating capacity was significant (p<0.05 to p<0.001) as they 

reduced the concentration of the catalyzing transition metal in lipid 
peroxidation.  

Nitric oxide radical scavenging activity 

The scavenging activities of various samples on nitric oxide are 
shown in Figure 1. At a concentration of 100µg/mL, the greater 
percentages of scavenging were observed in acetone and methanol 
extracts. The methanol extract of root showed a scavenging activity 
of 73.57%. The scavenging activities of methanol extracts of stem 
and leaf were found to be 71.79 and 71.14% respectively and were 
also comparable with that of BHT and Rutin.  

Assay of superoxide radical (O2
.) scavenging activity  

The results of superoxide anion scavenging activities are shown in 
Figure 2. The extracts were found to be an efficient scavenger of 
superoxide radical generated in riboflavin NBT light system in vitro. 
The ability to scavenge superoxide radical was determined at 
100µg/mL concentration for all the samples. The scavenging activity 
of leaf acetone, leaf methanol and stem pet ether were found to be 
72.83, 70.93 and 71.40%. The probable mechanism of scavenging 
the superoxide anions may be due to the inhibitory effect of R. 
fairholmianus towards generation of superoxides in the in vitro 
reaction mixture.  

 

 

Fig. 1: Nitric oxide radical scavenging activity of R. fairholmianus. 

 

Fig. 2: Superoxide radical scavenging activity of R. fairholmianus 
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Acute toxicity 

In the acute toxicity studies; the extract administration neither 
caused any significant change in the behaviors nor the death of 
animals in all the test groups. This indicates that the root acetone 
extract of R. fairholmianus was safe up to a single dose of 2000 
mg/kg body weight. Hence 100 and 250 mg/kg oral doses were 
selected to evaluate in vivo antioxidant activities.  

Analgesic activity 

Acetic acid induced writhing test 

The results presented in Table 3 shows that the acetone extract (200 
and 400 mg/kg) exhibited significant (p<0.01 and p<0.001) 
analgesic activity compared to the control at the rate of 37.31% and 
50.75% inhibition respectively. However, Aspirin (100 mg/kg) 
showed 73.13% inhibition. Significant protection against writhing 
was observed in animals treated with Aspirin, 200 and 400 mg/kg 
extract; where number of writhes after treatment were 18, 34 and 
25 respectively compared to 67 in the control group.  

DISCUSSION 

Previously, Okuda et al. [20] reported that R. idaeus and R. fruticosus 
leaves are rich in tannins due to higher polymerization of existing 
polyphenolic compounds. The greater amount of tannins in the stem 
extracts of R. fairholmianus may also due to the similar effects. Since 
R. fairholmianus possess good flavonoid content in all the parts, it 
could be assumed that it can have a higher free radical scavenging 
activity. Siddhuraju et al. [21] reported that the reducing power of 
bioactive compounds, mainly low and high molecular phenolics, was 
associated with antioxidant activity, specifically scavenging of free 
radicals. Phosphomolybdenum assay is used to quantify the vitamin 
E and expressed as ascorbic acid equivalents [6]. Thus, the total 
antioxidant capacity observed for the extracts of R. fairholmianus 
can be correlated with its free radical scavenging activity equivalent 
to that of natural antioxidant ascorbic acid. It was reported that 
chelating agents, which form σ- bonds with a metal are effective as 
secondary antioxidants because they reduce the redox potential, 
thereby stabilizing the oxidized form of the metal ion [22]. 
Antioxidants inhibit interaction between metal and lipid through 
formation of insoluble metal complexes with ferrous ion. Hence, the 
results obtained for R. fairholmianus reveals that some of the 
extracts demonstrate an effective capacity for iron binding, 
suggesting that its action as antioxidant may be related to its iron 
binding capacity. The plant products may have the property to 
counteract the effect of NO formation and in turn may be of 
considerable interest in preventing the ill effects of excessive NO 
generation in the human body. Further, the scavenging activity may 
also help to arrest the chain of reaction initiated by the excess 
generation of NO that is detrimental to the human health [23].  

Acetic acid-induced writhing is a non-specific pain model and many 
compounds belonging to diverse pharmacological categories 
including opioids, non-steroidal anti-inflammatory drugs, calcium 
channel blockers, anticholinergics, antihistamines, and 
corticosteroids show analgesic activity in this test [17]. Acetic acid 
test is a visceral pain model produces a painful reaction and acute 
inflammation in the peritoneal area. Release of arachidonic acid and 
biosynthesis of prostaglandin via cyclooxygenase pathway plays a 
role in the nociceptive mechanism of this test [24]. The analgesic 
effect of the tested compounds may be mediated through inhibition 
of cyclooxygenase and/or lipooxygenase (and other inflammatory 
mediators) [18, 25]. Aspirin offers relief from inflammatory pain by 
suppressing the formation of pain mediators in the peripheral 
tissues, where prostaglandins and bradykinins were suggested to 
play an important role in the pain process. Prostaglandins elicit pain 
by the direct stimulation of sensory nerve endings [26]. The anti-
inflammatory activities of the plant extracts may also be due to the 
inhibition of either vascular event or cellular events or due to both 
in experimental animal models [27]. The anti-inflammatory, 
analgesic and antipyretic activities of the related species of Rubus (R. 
ellipticus and R. niveus) have been reported by George et al. [28, 29]. 

It is evident from the study that R. fairholmianus exhibits significant 
peripheral analgesic effect, which may be due to the effect of pain 
mediators such as prostaglandins and bradykinins. The results of 
this study highlight the promising antioxidant potential of R. 
fairholmianus; this is the first report on the antioxidant properties of 
this plant. Among the 15 extracts tested for in vitro antioxidant and 
quantification assays, root acetone extract showed superior 
activities. This antioxidant and analgesic effect may be due to the 
phenolic/flavonoid constituents. Further studies are warranted in 
order to characterize the exact compound responsible for the 
biological activity. 

CONCLUSION  

The present investigation confirmed that, the root extract possesses 
remarkable antioxidant and analgesic potential. However, further 
studies are needed to identify with the exact mechanisms of 
antioxidant and analgesic action and to isolate the compounds 
responsible for such activity. 
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