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In folklore systems of medicine, bilberry fruit and leaf extracts have been used for the

treatment of diarrhoea, dysentery, diabetes, inflammation, and ulcer. The present study

was to determine antioxidant, anti-inflammatory, and antiulcerogenic activities of Vacci-

nium leschenaultii Wight leaf and fruit. The phenolic, tannin, and flavonoid contents of V.

leschenaultii leaf and fruit were quantified and were subjected to assess their antioxidant

potential using various in vitro systems such as 1, 1 diphenyl-2-picrylhydrazyl, 2,20-azino-

bis(3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging, phosphomolybdenum, and

ferric reducing antioxidant power reduction activities. Based on the antioxidant potential,

acetone and methanol extracts of leaf and fruit were used to evaluate the anti-

inflammatory activity and protective effect against ethanol-induced gastric damage in a

rat model. The quantification of secondary metabolites shows that the phenolic, flavonoid,

and tannin contents are higher in methanol extracts of fruit and leaf. The results of

antioxidant assays exhibited that the methanol extracts of leaf possesses better 1, 1

diphenyl-2-picrylhydrazyl radical scavenging and ferric reducing power activity. Oral

administration of the acetone fruit and leaf extracts of V. leschenaultii were capable of

reducing the edema formation in rats against carrageenan and egg albumin induced

inflammation. Moreover, leaf and fruit acetone extracts at the dose of 400 mg/kg highly

inhibited ulcer formation. The study concluded that the plant substances such as total

phenols, flavonoids along with appreciable antioxidant potential could be the supportive

evidence to prove both the anti-inflammatory and antiulcer activities of V. leschenaultii. The

traditional importance of this plant will help to reveal the potential of plant to provide

alternative phytotherapeutics for human health.

Copyright © 2015, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
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1. Introduction

Human beings have been using plants for the treatment of

diverse ailments for thousands of years. According to the

World Health Organization, most populations entrust tradi-

tional medicines for their psychological and physical health

requirements [1], since they cannot afford the products of

Western pharmaceutical industries [2]; these products are

also concerned with their side effects and lack of health care

facilities [3]. Rural areas of many developing countries still

rely on traditional medicine for their primary health care

needs and traditional medicines have found a place in day-to-

day life. Thesemedicines are relatively safer and cheaper than

synthetic or modern medicines in most cases. People living in

rural areas from their personal experience know that these

traditional remedies are a valuable source of natural products

to maintain proper health. Although they are unaware of the

science behind these medicines, they knew that some me-

dicinal plants are highly effective only when used at thera-

peutic doses [4].

The genus Vaccinium is believed to originate from South

America and has spread throughout the world [5]. Bilberries

grow in temperate woodlands and heaths throughout Europe

and produce berries that both animals and humans can eat [6].

Bilberry has been used as a herbal remedy for centuries, all

around the globe. Within the genus Vaccinium which belongs

to the family Vaccinaceae, there are 450 species of trees,

shrubs, sub shrubs, and hemi epiphytes that are mainly

distributed in the tropics of the Old World Malaysia, and

Southeast Asia [7,8]. More recently, bilberry (Vaccinium myr-

tillus, Vaccinium arctostaphylos L) fruit extracts have been used

for the treatment of diarrhea, dysentery, and mouth and

throat inflammations. Bilberry leaf decoctions have been used

to lower blood sugar in diabetes. Currently, bilberry research

is focused on the treatment of ocular disorders, vascular dis-

orders, and diabetes mellitus [9]. A decoction of the leaves or

bark of the root is used as a local application in ulceration of

the mouth and throat [10]. Ethnobotanical reviews reveals

that Vaccinium leschenaultii (family: Vaccinaceae) has been

used for treatment of several disorders such as plough in-

juries, mouth ulcer, diarrhoea [9], and diabetes [11]. Even

though the whole plant possesses many traditionally known

medicinal values, extensive research on their phytochemical

and pharmacological properties is required.

However, very few experimental studies have been con-

ducted in related to pharmacological and phytochemical as-

pects of V. leschenaultii. Moreover, there is no report on the

antioxidant, anti-inflammatory, and antiulcerogenic activity

of V. leschenaultii leaf and fruit. Therefore, the present study

has been undertaken to investigate the pharmacological sig-

nificance of the V. leschenaultii leaf and fruit.
2. Materials and methods

2.1. Chemicals used

Drugs and antioxidant chemicals and standards were pur-

chased from Sigma-Aldrich (St. Louis, MO, USA) and Merch,
Himedia (Mumbai, India). All other reagents used were of the

highest purity and analytical grade made in India.
2.2. Collection, identification, and extraction of plant
material

The fresh plant parts such as leaves and fruit of V. leschenaultii

were collected from Kothagiri, Niligris Hills, Tamil Nadu dur-

ing FebruaryeApril 2013. The collected plant material was

identified and its authenticity was confirmed by comparing to

the voucher specimen at the herbarium of Botanical Survey of

India, Southern Regional center, Coimbatore, Tamil Nadu (BSI/

SRC/5/23/2012-13/Tech.1889). Freshly collected plant material

was cleaned in order to remove adhering dust and then dried

in shade for 15e30 days. The air-dried powdered plant mate-

rials of V. leschenaultii were extracted separately in Soxhlet

extractor with petroleum ether, chloroform, acetone, meth-

anol, and ethanol successively. Each time prior to extracting

with the subsequent solvent, the material was dried in a hot

air oven below 40�C. Finally, thematerial wasmacerated using

hot water with occasional stirring for 48 hours and the water

extract was filtered. The different solvent extracts were

concentrated by rotary vacuum evaporator, air dried,

weighed, and stored in desiccators. Further, the extracts were

used for various phytochemical and pharmacological studies.
2.3. Determination of total phenolics, flavonoid, and
tannin contents

The total phenolic content was determined according to the

method described by Siddhuraju and Becker [12]. The results

were expressed as gallic acid equivalents. The tannins were

estimated after the extracts treated with polyvinyl poly-

pyrrolidone (PVPP) [13]. The tannin content of the sample was

calculated as follows: Tannins ¼ Total phenolics � Nontannin

phenolics. The flavonoid contents of all the extracts were

quantified according to themethod described by Zhishen et al

[14]. All the experiments were done in triplicate and the re-

sults expressed in rutin equivalents.
2.4. In vitro antioxidant assays

2.4.1. 1, 1 Diphenyl-2-picrylhydrazyl radical scavenging
activity
The antioxidant activity of the extract was determined in

terms of hydrogen donating or radical scavenging ability using

the stable radical 1, 1 diphenyl-2-picrylhydrazyl (DPPH), ac-

cording to the method of Braca et al [15]. The results were

expressed as IC50, which is the concentration of the sample

required to inhibit 50% of DPPH concentration.

2.4.2. 2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)�þ scavenging activity
The total antioxidant activity of the samples was measured by

2,20-azino-bis(3-ethylbenzothiazoline-6-sulphonicacid) (ABTS)�þ

decolorization assay according to themethod of Re et al [16]. The

unit of total antioxidant activity (TAA) is defined as the concen-

trationof troloxhavingequivalentantioxidantactivityexpressed

as mM trolox equivalents/g sample extracts.

http://dx.doi.org/10.1016/j.jfda.2014.11.003
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2.4.3. Phosphomolybdenum assay
The antioxidant activity of samples was evaluated by the

green phosphomolybdenum complex formation according to

the method of Prieto et al [17]. The results reported are mean

values expressed as mg of ascorbic acid equivalents/g extract.

2.4.4. Ferric reducing antioxidant power assay
The antioxidant capacities of different extracts of samples

were estimated according to the procedure described by Pulido

et al [18]. Equivalent concentration was calculated as the

concentration of antioxidant giving an absorbance increase in

the ferric reducing antioxidant power (FRAP) assay equivalent

to the theoretical absorbance value of a 1mM concentration of

Fe (II) solution. Equivalent concentrationwas calculated as the

concentration of antioxidant giving an absorbance increase in

the FRAP assay, which is equivalent to the theoretical absor-

bance value of a 1mM concentration of Fe (II) solution

2.5. In vivo studies

Swiss albino mice of approximately 30 g for acute toxicity

studies and Wistar albino rats of 110e160 g for anti-

inflammatory and antiulcer studies were used at Nandha

College of Pharmacy, Erode, Tamil Nadu, India. The experi-

mental protocol was subjected to the scrutiny of the Institu-

tional Animal Ethics Committee, and was cleared by the same

prior to beginning the experiment (No. 688/02/C/CPCSEA).

2.5.1. Acute toxicity
Healthy Swiss albino mice of either sex weighing between 25 g

and 30 gwere divided into two groupsof six animals each. They

were housed in different plastic cages andmaintained at room

temperature, photoperiodof 12hours and frequentair changes.

Mice had free access to tap water and food, except for a short

fasting period prior to the treatmentwith the plant extract. The

extracts were administered orally by the doses of 50 mg/kg,

100mg/kg, 500mg/kg, 1000mg/kg, and2000mg/kgbodyweight,

which were increased progressively than the preceding one as

per Organisation for Economic Co-operation and Development

(OECD) guideline [19]. The animals were observed for general

behavioral changes, signs of toxicity and mortality continu-

ously for 1hour after treatment, then intermittently for 4hours,

and thereafter over a period of 24 hours [20].

2.6. Evaluation of anti-inflammatory activity

2.6.1. Carrageenan-induced acute paw edema in rats
The Wistar albino rats were divided into 10 groups, each con-

sisting of six animals of either sex. Paw edemawas induced in

all the groups of animals by subplantar injection of 0.1 mL of

freshly prepared 1% carrageenan suspension into the right

hind paw of each rat [21]. They were fasted overnight but had

freeaccess towater.Amarkwasmadeon the left hindpaw just

beyond the tibioetarsal junction. The initial paw thickness of

each ratwasnotedbydigitalVernierCaliper. The carrageenan-

induced animalsweredivided in to 10 groups (each comprising

6 rats) namely: Group 1: control (0.6% carboxymethyl cellulose

(CMC)); Group 2: oral feeding of indomethacin (10 mg/kg);

Group 3: oral feeding of leaf acetone extract: Dose 1 (200 mg/

kg); Group4: oral feeding of leaf acetone extract dose 2 (400mg/
kg); Group 5: oral feeding of leaf methanol extract: Dose 1

(200 mg/kg); Group 6: oral feeding of leaf methanol extract:

Dose 2 (400 mg/kg); Group 7: oral feeding of fruit acetone

extract: Dose 1 (200 mg/kg); Group 8: oral feeding of fruit

acetone extract Dose 2 (400 mg/kg); Group 9: oral feeding of

fruit methanol extract: Dose 1 (200 mg/kg); and Group 10: oral

feeding of fruit methanol extract: Dose 2 (400 mg/kg). The test

drug, indomethacin and acetone and methanolic extracts of

leaf and fruit were administered orally 1 hour prior to the in-

jection of carrageenan. The linear diameter of the injectedpaw

was measured with the Digital Caliper (Model no. CD- 600CSX;
Mitutoyo, Kawasaki, Japan) prior to as well as at intervals of 60

minutes, 120 minutes, 180 minutes, and 240 minutes after the

injection of carrageenan. The relative potency of the drugs

under investigations was calculated based upon the percent-

age inhibition of the inflammation.

2.6.2. Egg albumin-induced inflammation
To study the anti-inflammatory property against egg albumin-

induced hind paw edema in rats, the methodology by Okokon

and Nwafor [22] was followed. Wistar albino rats were housed

in 10 groups as discussed earlier for the carrageenan-induced

method.

2.6.3. Evaluation of antiulcer property by ethanol-induced
ulcer experiment
Ulcers were induced by administering ethanol. All the animals

were deprived of food for 24 hours prior to the experiment [23],

but were allowed free access of drinking water (bottled tap

water) up to 2 hours prior to the experiment. The ulcer control

group was orally administered with vehicle (CMC, 0.25% w/v),

0.5 mL/animal. The second group was orally administrated

with ranitidine (20 mg/kg); the third and fourth groups

received acetone leaf extract; the fifth and sixth groups were

given methanol leaf extract; the seventh and eighth groups

received acetone fruit extract; and the ninth and tenth groups

were given methanol extract of V. leschenaultii fruit at the

doses of 200 mg/kg and 400 mg/kg. The gastric ulcers were

induced in rats by administrating ethanol (80%; 1.0 mL/100g)

orally, after 45minutes of acetone andmethanolic extract and

ranitidine treatment. Free access to water and food was

maintained throughout the experiment. The rats were sub-

jected to euthanasia by cervical dislocation at 60 minutes [24]

under an overdose of diethyl ether anesthesia and their

stomachs were immediately excised. The length of each

gastric lesion was measured and the lesion index was

expressed as sum of the length of the entire lesion in mm [25].

Percentage of inhibition ¼ UIC � UIT/UIC � 100

whereUIC¼ ulcer index of the control group andUIT¼ ulcer

index of the treatment group. Ulcer index (UI) was calculated

using the formula [26]:

UI ¼ US þ UN þ UP � 10�1

where US ¼ mean severity of ulcer score; UN ¼ average

number of ulcers per animal; and UP ¼ percentage of animals

with ulcer incidence.

http://dx.doi.org/10.1016/j.jfda.2014.11.003
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2.6.4. Histopathology
Stomach tissues from the rats in each group of the experiment

were fixed in 10% formalin for a minimum of 24 hours and

then dehydrated by washing in ascending grades of ethanol

prior to clearing with xylene and embedding in paraffin wax.

The samples were sectioned with amicrotome (Spinco, India),

stained with hematoxylin and eosin, andmounted on Canada

balsam. All sections were examined under light microscope

(�10) magnification. Photographs of the lesions were taken

with an Olympus photomicroscope (Olympus CH 20i, India)

for observation and documentation of histopathologic lesions.

2.7. Statistical analysis

All of the experiments were done in triplicate and the results

expressed as mean ± standard deviation. The data were sta-

tistically analyzed using one-way analysis of variance

(ANOVA) followed by Duncan's test for quantification, in vitro

antioxidant studies and Dunnet t test for in vivo anti-

inflammatory and antiulcer studies.
3. Results and discussion

Vaccinium leschenaultii is known to possess various therapeutic

properties and has been one of the most important plants

mentioned in various medicinal systems. In our studies, we

went a step ahead and have studied antioxidant, anti-

inflammatory, and antiulcer activities of V. leschenaultii leaf

and fruit in in vitro and in vivo models.

Plant phenolic compounds are secondary metabolites with

interesting properties for animal or human health. The

beneficial effects of those molecules are related to their anti-

oxidant activity, particularly their ability to scavenge free

radicals, to donate hydrogen atoms or electrons, or to chelate

metal cations. Besides, phenolic compounds contribute

largely to the color and sensory characteristics of fruits and

vegetables. Therefore, it would be valuable to determine the

amount of total phenolics present in the plant extracts. Poly-

phenolic contents of all the sample extracts appear to func-

tion as good electron and hydrogen atom donors and

therefore should be able to terminate radical chain reaction by

converting free radicals to more stable products. The
Table 1 e Determination of total phenolic, flavonoid and tanni

Extracts Leaf

Total phenolics
(mg gallic acid
equivalents/

100 mg extract)

Flavonoids
(mg rutin

equivalents/
100 mg extract)

Tanni
(mg gallic
equivale
100 g ext

Petroleum ether 12.40 ± 3.17d 6.61 ± 1.38 9.03 ± 3

Chloroform 11.31 ± 0.32d 10.68 ± 0.28 8.72 ± 0

Acetone 18.37 ± 0.66c 43.66 ± 1.14c 15.36 ± 0

Methanol 27.20 ± 0.97b 56.25 ± 1.35b 20.34 ± 0

Ethanol 10.79 ± 0.06d 36.85 ± 1.41d 7.08 ± 0

Hot water 11.66 ± 0.34d 35.26 ± 0.88d 9.42 ± 0

Data are presented as mean of triplicate determination ± standard devia

* Statistically significant at p < 0.05 where a > b > c > d.
enrichment of phenolic compounds within plant extracts is

correlated with their enhanced antioxidant activity. Hence,

the presence of higher amount of phenolics in leaf and fruit

extracts of V. leschenaultii may indicate higher potentials in

antioxidant and other medicinal properties (Table 1). Flavo-

noids are one of themost important andwidespread groups of

natural compounds. These compounds possess a broad

spectrum of chemical and biological activities including

radical scavenging properties [27]. Plant flavonoids have been

reported to possess strong antioxidant and good anti-

inflammatory activities [28]. Flavonoids are able to scavenge

practically all known reactive oxygen species. The flavonoids

from bilberry are potent antioxidants and play an important

role to protect oxidative damage due to their role in scav-

enging free radicals [29]. Since V. leschenaultii possess good

flavonoid content in leaf and fruit extracts especially in fruits

(Table 1), it could be assumed that it has a higher ability of

scavenging free radicals, chelating metal ions like iron and

copper, and inhibition of enzymes responsible for free radical

generation. Tannins are complex moieties produced by the

majority of plants as protective substances that have broad

pharmacological properties. In addition, tannins can also heal

wounded areas when treated with them and at the same time

can reduce inflammation. This accentuates the use of herbs

containing tannins in compress for cuts and wounds, hem-

orrhoids, and varicose veins and in medicine for diarrhoea,

catarrh, heavy menstrual flows, and inflammatory conditions

of the digestive tract [30]. The greater amount of tannins in the

acetone and methanol extracts of the leaf and fruit of V.

leschenaultii (Table 1) can be due to higher polymerization of

existing polyphenolic compounds. Recently, it has been re-

ported that the high molecular weight phenolics such as

tannins have more ability to reduce or scavenge free radicals

[31]. Therefore the high amount of tannin contents of V.

leschenaultii may enhance its free radical scavenging, anti-

inflammatory, and antiulcer activities.

DPPH radical has been widely used to test the ability of

compounds to act as free radical scavengers or hydrogen do-

nors and thus to evaluate the antioxidant activity [32]. The

results of DPPH assaywere expressed in IC50 values. The lower

value of IC50 indicates a higher antioxidant activity. Synthetic

antioxidant butylhydroxytoluene was used as the reference

compound. Among the parts analyzed, the methanol extract
n contents in Vaccinium leschenaultia.

Fruit

ns
acid
nts/
ract)

Total phenolics
(mg gallic acid
equivalents/

100 mg extract)

Flavonoids
(mg rutin

equivalents/
100 mg extract)

Tannins
(mg gallic acid
equivalents/
100 g extract)

.16c 1.27 ± 0.09 12.40 ± 0.08 1.54 ± 1.90

.38c 3.05 ± 0.29 10.18 ± 0.75 1.460 ± .08

.67b 7.11 ± 0.24 10.30 ± 0.10 5.91 ± 0.20

.97a 30.40 ± 0.47a 64.50 ± 1.57a 19.96 ± 0.63a

.11d 10.31 ± 1.95d 21.63 ± 1.82 7.15 ± 1.94d

.43c 2.79 ± 0.40 8.33 ± 0.20 1.69 ± 0.33

tion.

http://dx.doi.org/10.1016/j.jfda.2014.11.003
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of leaf (5.58 mg/mL) and the acetone extract of fruit (6.42 mg/mL)

showed better IC50 values compared to other solvent extracts

(Fig. 1). Although the phenolic contents were better in meth-

anol extract in both parts, the leaf acetone shows better

radical scavenging activity; this might be due to the active

phenolics dissolved in acetone. The present study revealed

that the DPPH radical scavenging activity was correlated to the

higher phenolic contents detected in the fruit methanol

extract.

The ABTS assay is an excellent tool to determine the anti-

oxidant activity of hydrogen donating antioxidants (scav-

enging aqueous phase radicals) and chain breaking

antioxidants (scavenging lipidperoxyl radicals). The efficacyof

ethanol extract of the leaf showed higher ABTS cation radical

scavenging (20,628.58± 513.71mg trolox equivalents/g extract)

activity compared to the extracts of fruit (Table 2). Hagerman

et al [31] reported that high molecular weight phenolics (tan-

nins) have more ability to quench ABTS�þ and their effective-

nessdependson themolecularweight, thenumberof aromatic

rings, and the nature of hydroxyl group's substitution than the

specific functional groups. Although the phenolics are lower in

ethanol extract than acetone and methanol extracts, high

molecular weight phenolic compounds may dissolve in

ethanol, which is more active on ABTS radicals. From the

result, it is concluded that the extracts of V. leschenaultii have

stronghydrogendonatingabilityandcouldserveas freeradical

quenchers by acting as primary antioxidants. The synthetic

antioxidant butylhydroxytoluene was compared for quench-

ing ability where leaf ethanol extract is more significant.

The phosphomolybdenum assay is successfully used to

determine the ability of extracts to reduce Mo (VI) to Mo (V)

and subsequent formation of green phosphate/Mo (V) com-

plex at an acid pH. It was also used to quantify vitamin E in

seeds, being simple and independent of other antioxidant

measurements commonly employed, it was decided to extend

to plant extracts to analyze the potential of phosphomo-

lybdenum reducing ability [17]. Moreover, antioxidant activity

is expressed as equivalents of ascorbic acid. Thus, the total

antioxidant capacity observed for the extracts of V. lesche-

naultii can be correlated with natural antioxidant ascorbic

acid. The experimental data reveal that acetone extracts of the
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Fig. 1 e 1, 1 diphenyl-2-picrylhydrazyl scavengin
leaf and fruit showed higher antioxidant activity by the

reduction of phosphomolybdenum complex and were

624.21 ± 16.57 mg and 539.47 ± 10.95 mg ascorbic acid equiv-

alents/g extract respectively. The reduction of Mo (VI) to Mo

(V) by the leaf and fruit extracts of V. leschenaultii may be due

to the electron transfer or hydrogen ion transfer by the

bioactive compounds, specifically phenolics and flavonoids

present in the respective parts. Even though the quantity of

both phenolics and flavonoids are lower than methanol

extract, again the acetone dissolved compounds are more

responsible in this case.

The FRAP activity has been widely used to evaluate the

antioxidant activity of plant extracts and foods. The reducing

capacity of a compound might serve as a significant indicator

of its potential antioxidant capacity. The FRAP assay mea-

sures the ability of antioxidants to reduce the 2,4,6- tripyridyl-

s-triazine (TPTZ)eFe(III) complex to the intensely blue colored

TPTZeFe(II) complex in acidic medium. The data on the ferric

reducing potential of V. leschenaultii leaf and fruit extracts

presented in Table 2 indicate that methanol extracts of the

fruit (122.54 mg Fe II equivalents/100 mg extract) and leaf

(122.04 mg Fe II equivalents/100 mg extract) showed higher

ferric reducing power than other extracts. These results sug-

gest that extracts have the ability to donate electrons and thus

could scavenge free radicals. Antioxidant compounds that act

as reducing agents exert their effect by donating a hydrogen

atom to the ferric complex and thus breaking the radical chain

reaction [33].

The free radical scavenging activity of the crude extracts

tested might be also considered as one of the possible mech-

anisms of its anti-inflammatory and gastroprotective effect

observed. Based on the quantification of secondary metabo-

lites and various in vitro antioxidant assay results, the acetone

and methanol extracts of V. leschenaultii leaf and fruit were

selected for further in vivo studies. Different solvents dissolve

according to their binding and reactivity nature, those were

used to separate the active parts from a pool of compounds. In

the acute toxicity study, the extracts did not alter the general

behavior of animals and did not produce anymortality even at

the highest dose of 2000mg/kg. Since the extract was found to

be safe, the selected plant parts might be considered as
11.21

38.79

7.93
.05

35.36

20.58

ol Ethanol Hot water BHT

le

Leaf

Fruit

g activity of Vaccinium leschenaultii extracts.
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Table 2 e ABTS�þ, phosphomolybdenum reduction and ferric reducing antioxidant power activity.

Extracts Leaf Fruit
(1)ABTS�þ

(mg trolox
equivalents/g)

Phosphomolybdenum
(mg ascorbic acid
equivalents/g)

(2)FRAP
(mg Fe(II)

equivalents/
100 mg)

(1)ABTS�þ

(mg trolox
equivalents/g)

Phosphomolybdenum
(mg ascorbic acid
equivalents/g)

(2)FRAP
(mg Fe(II)

equivalents/
100 mg)

Petroleum

ether

540.68 ± 49.31 385.96 ± 2.60 5.68 ± 0.60 552.67 ± 3.05 425.26 ± 16.13d 23.28 ± 1.29

Chloroform 826.34 ± 61.71 389.65 ± 0.80 51.23 ± 6.28 3589.03 ± 455.67 476.32 ± 17.99c 52.55 ± 4.91

Acetone 16,100.68 ± 1087.55b 624.21 ± 16.57a 118.32 ± 1.93a 3495.81 ± 777.78 539.47 ± 10.95b 26.13 ± 3.16

Methanol 11,745.90 ± 513.71d 435.79 ± 21.19d 122.04 ± 1.85a 10,400.85 ± 100.54 467.37 ± 12.26c 122.54 ± 2.22a

Ethanol 20,628.58 ± 513.71a 436.32 ± 2.93d 102.65 ± 1.49c 5966.17 ± 926.32 398.42 ± 4.59 104.79 ± 4.42b

Hot water 17,285.92 ± 1201.44b 388.95 ± 0.53 101.78 ± 0.50c 3748.83 ± 827.58 387.72 ± 2.90 110.89 ± 5.09b

BHT 28213.02 d 423 ± 1.43 28,213.02 d 423 ± 1.43

Data are presented as mean of triplicate determination ± standard deviation.

* Statistically significant at p < 0.05 where a > b > c > d.

ABTS�þ ¼ 2, 20- azino-bis-(3-ethyl-benzothiozoline)-6-sulfonic acid diammonium salt cation radical; BHT ¼ butylhydroxytoluene; FRAP ¼ ferric

reducing antioxidant power.
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nontoxic. Based on this acute toxicity study, two different

doses were selected to assess anti-inflammatory and anti-

ulcerogenic activity in rat models.

Carrageenan-induced paw edema as an in vivo model for

inflammation has been frequently used to assess the anti-

inflammatory effect of natural products. In this biphasic

event, the early phase is accompanied by the release of his-

tamine and serotonin, while in the late phase prostaglandins,

proteases and lysozymes are released [34]. Carrageenan-

induced paw edema remained even 4 hours after its injec-

tion into the subplantar region of rat paw. Researchers have

demonstrated that the inflammatory effect induced by

carrageenan is associatedwith free radicals. The carrageenan-

induced inflammatory response has been linked to neutrophil

infiltration and the production of neutrophil-derived free

radicals, such as hydrogen peroxide, superoxide, and hy-

droxyl radicals, as well as the release of other neutrophil-

derived mediators [35]. Oral pretreatment of animals with

acetone and methanol extracts of the fruit and leaf has

resulted in a significant inhibition of carrageenan evoked hind

paw edema because these extracts have also shown

renounced activity in in-vitro antioxidant assays.

The most widely used primary test to screen new anti-

inflammatory agent measures the ability of a compound to

reduce local edema induced in the rat paw by the injection of

an irritant agent. The test was carried out using a phlogistic

agent (fresh undiluted egg albumin), which induced rat hind

paw edema as a model of acute inflammation. This is medi-

ated by many chemical mediators such as histamine, seroto-

nin, kinins, and prostanoids. Thismodel is widely accepted for

the evaluation of antiedemal or anti-inflammatory effect of

drugs [21,36].

The inflammatory response is a physiological character-

istic of vascularized tissues [37]. Exudation, which is a

consequence of increased vascular permeability, is consid-

ered as a major feature of acute inflammation [38]. The paw

edema that was induced by an injection of egg albumin was

peaked after 1 hour and then progressively declined with
time. It is similar to carrageenan used for the induction of

edema in an experimental animal model for acute inflam-

mation and is believed to be biphasic [39,40]. The plant, Chi-

nese water berry exhibited a significant effect on the acute

inflammatory processes induced by egg albumin [41]. In the

present study, acetone fruit and leaf extracts (400mg/kg) were

capable of reducing the edema formation in rats against

carrageenan-induced inflammation after 4 hours by 97.6 and

94.8% respectively (Table 3). Oral administration of V. lesche-

naultii fruit (92.6%) and leaf acetone (87.2%) extracts on egg

albumin-induced edema in rats caused a significant and dose

dependent anti-inflammatory activity (Table 4). This can be

achieved in both the anti-inflammation models concurrently

and concluded the fruit acetone extract have edema reducing

potency. It could be said that the V. leschenaultii anti-

inflammatory effects may be possibly mediated through

their antioxidant properties.

Gastric hyperacidity and ulcer are very common, causing

tremendous human sufferings nowadays. Although pro-

longed anxiety, emotional stress, hemorrhagic surgical shock,

burns, and trauma are known to cause severe gastric irrita-

tion, the mechanism however, is still very poorly understood

[42]. The maintenance of gastric mucosal integrity under an

adverse environment of luminal contents depends on a deli-

cate balance of factors regulating the cellular proliferation as

well as the process of cell death [43]. Indeed, the results of

recent investigations indicate that the increase in gastric

epithelial cell apoptosis is a prominent feature associated

with mucosal injury by nonsteroidal anti-inflammatory

agents such as indomethacin, and an acute gastritis evoked

by Helicobacter pylori lipopolysaccharide [44]. As gastric

mucosal injury is a common feature of acute ethanol inges-

tion observed in alcoholics and since available antiulcer

agents displaying protective effects against ethanol damage

[43] there is a need to develop highly effective and safer

antiulcer agents.

The results of the present study demonstrated that an

animal pretreated with V. leschenaultii leaf and fruit (acetone

http://dx.doi.org/10.1016/j.jfda.2014.11.003
http://dx.doi.org/10.1016/j.jfda.2014.11.003


Table 3 e Anti-inflammatory effect of Vaccinium leschenaultii on carrageenan-induced rats.

Groups Dose (mg/kg) Edema induced by carrageenan (mm) % inhibition

0 h 1 h 2 h 3 h 4 h

Control d 4.52 ± 0.78 5.03 ± 0.25 6.0 ± 0.02 6.54 ± 0.31 6.67 ± 0.32 d

Indomethacin 10 3.43 ± 0.33 4.74 ± 0.3 5.28 ± 0.2 4.43 ± 0.28 3.46 ± 0.31*,** 98.6

Leaf acetone 200 4.21 ± 0.51 5.64 ± 0.51 5.9 ± 0.42 5.96 ± 0.42 5.85 ± 0.79 23.7

400 4.31 ± 0.39 5.89 ± 0.96 5.92 ± 0.89 5.47 ± 0.85 4.42 ± 0.82*,** 94.8

Leaf methanol 200 3.91 ± 0.2 5.32 ± 0.89 5.49 ± 0.91 5.09 ± 0.72 4.87 ± 0.77 55.3

400 4.44 ± 0.82 5.94 ± 0.73 6.01 ± 0.76 5.21 ± 0.76 4.77 ± 0.87** 84.6

Fruit acetone 200 4.12 ± 0.19 5.02 ± 0.43 5.5 ± 0.42 5.21 ± 0.49 4.71 ± 0.6** 72.5

400 4.27 ± 0.28 5.9 ± 0.8 5.81 ± 0.3 5.32 ± 0.34 4.32 ± 0.4*,** 97.6

Fruit methanol 200 3.54 ± 0.21 5.74 ± 0.4 5.98 ± 0.34 5.53 ± 0.45 5.1 ± 0.51 27.4

400 4.44 ± 0.32 5.45 ± 0.22 5.74 ± 0.33 5.49 ± 0.43 4.83 ± 0.49 81.8

Data are presented as mean ± standard error of the mean.

Statistically significant at *p < 0.001 and *p < 0.005.

j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 3 ( 2 0 1 5 ) 3 7 6e3 8 6382
and methanol extracts; Fig. 2DeF), presented a dose depen-

dent protection of mucosal layer damage and color similar to

the control rat (Fig. 2A). Ethanol consumption is known to be

one of many factors responsible for gastric ulcer formation

due to the generation of oxygen-derived free radicals such as

superoxide anions, hydroxyl radicals, and lipid peroxides

[45,46]. The obtained results suggest that the V. leschenaultii

leaf and fruit (acetone and methanol extracts) exhibiting

strong antioxidant and radical scavenging potential, has

remarkably restricted ethanol-induced depletion of gastric

mucosa in rat.

In order to confirm the results of the antiulcer experiment,

the stomachs of experimental animals were also evaluated by

histopathological examination. In histological observation,

the stomach of normal animals showed no damage (Fig. 3A).

However, rats treatedwith absolute ethanol showed disrupted

epithelial cells from the upper portion of fundic glands,

vacuolization, necrosis, and deep dilated interglandular

spaces (Fig. 3B). Following V. leschenaultii leaf and fruit

(acetone and methanol extracts) pretreatment, the patholog-

ical injuries were markedly attenuated, with only slight

damage observed in the superficial epithelium (Fig. 3CeF). In

reducing the epithelial cells damage, V. leschenaultii leaf and

fruit efficacy was slightly higher than the standard drug.
Table 4 e Effect of Vaccinium leschenaultii on egg albumin-indu

Groups Dose (mg/kg) Egg album

0 h 1 h

Control d 4.44 ± 0.09 5.06 ± 0.07

Indomethacin 10 4.45 ± 0.08 5.53 ± 0.11

Leaf acetone 200 4.23 ± 0.67 5.35 ± 0.67

400 4.69 ± 0.05 5.71 ± 0.12

Leaf methanol 200 4.94 ± 0.1 5.71 ± 0.15

400 4.23 ± 0.2 5.15 ± 0.07

Fruit acetone 200 4.69 ± 0.01 5.73 ± 0.09

400 4.47 ± 0.15 5.41 ± 0.1

Fruit methanol 200 4.04 ± 0.28 5.21 ± 0.25

400 4.48 ± 0.11 5.53 ± 0.11

Data are presented as mean ± standard error of the mean.

Statistically significant at *p < 0.001 and **p < 0.005.
The screening of the plant potential against ethanol dam-

age was observed in this study. The animals treated with V.

leschenaultii leaf and fruit extracts prior to the administration

of ethanol exhibited a significant reduction in the numbers of

ulcer spots and ulcer index. The ulceration index for the

control group was found to be 32.87. Moreover, the acetone

extracts of leaf and fruit at the dose of 400 mg/kg inhibited

ulcer formation (70% and 71%, respectively) whereas in ra-

nitidine treated animals 98% ulcer inhibition was observed

(Table 5). The extract reduced ethanol-induced ulcer signifi-

cantly. This may be due to the cytoprotective effect of the

extract via an antioxidant effect. The extract showed protec-

tion against characteristic lesions produced by ethanol

administration. The significant increase in the antiulcer ac-

tivity of V. leschenaultii could be attributed to the presence of

flavonoids and tannins. Flavonoids are among the cytopro-

tective material for which antiulcerogenic efficacy has been

extensively confirmed. It is suggested that these active com-

poundswould be able to stimulatemucous bicarbonate and to

inhibit prostaglandin secretion and counteract with the

liberating effect of reactive oxygen in the gastrointestinal

lumen [47]. The result of the present study suggests that the

methanol and acetone extracts of V. leschenaultii leaf and fruit

may be beneficial in the treatment of inflammatory and
ced edema in rats.

in-induced edema (mm) % inhibition

2 h 3 h 4 h

5.2 ± 0.1 5.6 ± 0.17 5.93 ± 0.2 d

5.59 ± 0.13 4.92 ± 0.17 4.53 ± 0.21*,** 94.63

5.46 ± 0.63 5.23 ± 0.5 5.2 ± 0.42** 34.89

5.82 ± 0.07 5.32 ± 0.52 4.88 ± 0.2*,** 87.24

5.78 ± 0.09 5.57 ± 0.16 5.28 ± 0.1 77.18

5.6 ± 0.04 5.27 ± 0.03 4.95 ± 0.05** 51.67

5.82 ± 0.07 5.89 ± 0.04 5.42 ± 0.11 51.00

5.72 ± 0.19 5.21 ± 0.13 4.58 ± 0.12*,** 92.61

5.43 ± 0.13 5.54 ± 0.2 5.22 ± 0.2 20.80

5.66 ± 0.06 5.57 ± 0.05 4.84 ± 0.07** 75.83

http://dx.doi.org/10.1016/j.jfda.2014.11.003
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Fig. 2 e The different extract-treated rats' stomachs were dissected and treated. (A) Ethanol-treated control rat stomach is

displayed, (B) standard ranitidine-treated rat stomach (20 mg/kg), (C) leaf acetone extract-treated (400 mg/kg), (D) leaf

methanol extract-treated (400 mg/kg), (E) fruit acetone extract-treated (400 mg/kg), and (F) fruit methanol extract-treated

(400 mg/kg).
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gastric lesions. Development of a novel nontoxic potent

antioxidant, anti-inflammatory, and antiulcer compound will

prevent oxidative stress and it will be a suitable way to control

the human sufferings.
4. Conclusion

The results of the present study clearly indicated that acetone,

methanol extracts of V. leschenaultii leaf and fruit exhibited
higher anti-inflammatory and antiulcerogenic activity. The

quantification of secondary metabolites shows that the total

phenolics, flavonoid, and tannin content are higher in meth-

anol followed by acetone extracts of the fruit and leaf. The

acetone and methanol extracts of the leaf and fruit sub-

stantiates a good antioxidant potential and hence, these two

extracts were screened for in vivo studies. The acetone fruit

and leaf extracts (400 mg/kg) were capable of reducing the

edema formation in rats against carrageenan and egg albumin

induced inflammation after 4 hours. Moreover, the acetone

http://dx.doi.org/10.1016/j.jfda.2014.11.003
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Fig. 3 e Histopathological evaluation of ulcer in rats. (A) Ethanol-treated control rat stomach, (B) standard ranitidine-treated

rat stomach (20 mg/kg), (C) leaf acetone extract-treated (400 mg/kg), (D) leaf methanol extract-treated (400 mg/kg), (E) fruit

acetone extract-treated (400 mg/kg), and (F) fruit methanol extract-treated (400 mg/kg).

Table 5 e Effect of Vaccinium leschenaultii on ethanol-induced ulcer in rats.

Groups Dose (mg/kg) No. of ulcer spots Ulcer index % Ulcer inhibition

Control d 11 32.9 ± 1.7 d

Ranitidine 20 2 2.14 ± 0.8* 93.49

Leaf acetone 200 7 16.72 ± 1.4 49.17

400 5 9.78 ± 1.9* 70.27

Leaf methanol 200 7 21.53 ± 1.3 34.55

400 6 14.26 ± 0.5 56.65

Fruit acetone 200 6 18.87 ± 0.7 42.64

400 4 9.26 ± 1.2* 71.85

Fruit methanol 200 8 13.24 ± 1.2 59.75

400 5 11.25 ± 0.6 65.80

Data are presented as mean ± standard error of the mean.

Statistically significant at *p < 0.001.
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extracts of the leaf and fruit inhibit the ulcer formation at the

dose of 400 mg/kg (by 70% and 71%, respectively). The study

concluded that the plant substances such as total phenols,

flavonoids, alongwith appreciable antioxidant potential could

be the supportive evidence to prove both the anti-

inflammatory and antiulcer activities of V. leschenaultii. The

importance of this plant will help to reveal its potential to

provide phytotherapeuticals for human health. Further,

detailed investigation, chemical studies, and screening for

medicinal properties will provide cost effective and reliable

source of medicine for the welfare of humanity.
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