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Dolichos biflorus (Muthira) is a branched, suberect, and downing herb, native to most parts

of India, and found at altitudes of up to 1000 m, whose seeds can be cooked and eaten.

Nutrition plays a key role in building immunity and preventing noncommunicable diseases

to a certain extent. The purpose of this study was to evaluate the anti-inflammatory and

antioxidant effects of 70% methanolic extract of seeds of D. biflorus (DME) in carrageenan-

induced inflammation. DME exhibited maximum percentage of oedema inhibition at a

dose of 50 mg/kg at the 3rd hour of carrageenan induction. The effect was higher than that

of the standard drug Voveran. The activities of cyclooxygenase, lipoxygenase, nitric oxide

synthase, myeloperoxidase, and malondialdehyde showed significant (p < 0.05) reduction

whereas the activities of antioxidant enzymes, vitamins C, and reduced glutathione level

were increased significantly (p < 0.05) on treatment with DME. Also levels of the acute

phase protein, ceruloplasmin, were brought to their normal range in DME-treated rats.

Phytochemical analysis showed that the extract contains alkaloids, flavonoids, carbohy-

drates, proteins, and tannins, which may contribute to its anti-inflammatory and antiox-

idant activity. Thus the results demonstrate the potential beneficiary effect of DME on

carrageenan-induced inflammation in rats.

Copyright © 2014, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. Open access under CC BY-NC-ND license. 
1. Introduction

Inflammation is known to contribute to physiological and

pathological processes of arthritis, cancer, stroke, neurode-

generative, and cardiovascular disease by the activation of the

immune system and various cells within the damaged tissue

[1]. The classical characteristics of inflammation are pain,
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swelling, edema, redness, and heat [2]. The treatment of in-

flammatory diseases especially remains an important

research area because the available therapeutic drugs are

often not adequately efficient or side effects are intolerable,

and all the more so in cases of long-time therapy [3].

Prostaglandins, thromboxanes and leukotrienes are in-

flammatory mediators called eicosanoids, biosynthesized by

cyclooxygenases (COX) and lipoxygenases (LOX) in cell types
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that are associated with inflammatory disorders. COX-2-

catalyzed synthesis of PGE2 plays a key role in inflamma-

tion and its associated diseases [4]. LOX is a family of iron-

containing enzymes involved in the metabolism of prosta-

glandins and leukotrienes, which utilize arachidonic acid as

the substrate. These are of great biological and medical

relevance, because of the function of products in signaling

or in inducing structural or metabolic changes in the cell.

Certain levels of reactive oxygen species (ROS) are

required for normal cell function, they are an important part

of the defense mechanism against infection, but if in surplus

they cause oxidative stress [5]. They are commonly produced

during inflammatory processes and the host defense is also

involved in signal transduction and gene activation. ROS

cause the peroxidation of membrane polyunsaturated fatty

acids, protein, DNA, hyaluronic acid, and cartilage, yielding

reactive aldehydes and lipid peroxides that are involved in

the pathophysiological changes associated with oxidative

stress in cells and tissues [6]. In order to prevent harmful

accumulation of damaged DNA, lipids, and proteins, the cell

possesses a complex and highly effective system of antioxi-

dant defense that allows an immediate response to oxidative

stress [7].

Traditional nonsteroidal anti-inflammatory drugs

(NSAIDs) block the COX pathway that contributes to cell-

mediated prostaglandin (PGE2) production. Several modern

drugs are used to treat inflammatory disorders, but their

prolonged use may cause severe adverse side effects. Thus

there is a need to develop new anti-inflammatory agents with

minimum side effects. The use of natural remedies for treat-

ment of inflammatory and painful conditions has a long his-

tory starting with Ayurvedic treatment of traditional

medicines. The present study evaluates the anti-

inflammatory and free radical scavenging activity of meth-

anolic extract of Dolichos biflorus seeds (DME) in carrageenan-

induced inflammation.

In Ayurveda, the seed of D. biflorus is used in the treatment

of piles, pain, constipation, wounds, urinary calculi, cough,

edema, asthma, etc. Soup prepared from seeds is also

beneficial in enlarged liver and spleen. The seeds of D. biflorus

have been reported to show antilithiatic [8], antihepatotoxic

[9], and hypolipidemic [10] activity, and are involved in

lowering the level of blood sugar and total cholesterol [11].

Two Ayurvedic preparations [12,13], having D. biflorus as an

ingredient, have shown their antinephrotoxic and free

radical scavenging activity. The present study is aimed to

evaluate the antioxidant and anti-inflammatory effect of 70%

DME.
2. Materials and methods

2.1. Chemicals and solvents

Linoleic acid, histopaque, arachidonic acid, and carrageenan

were purchased fromSigmaeAldrich Chemicals (St Louis, MO,

USA) and Spectrochem Pvt. Ltd. (Mumbai, Maharashtra,

India). All the other chemicals and biochemicals used were of

the highest grade available.
2.2. Preparation of DME

The seeds of D. bifloruswere purchased from the local market.

The seeds were washed thoroughly and dried in shade. The

finely powdered seeds (100 g) were soaked in 70% methanol

and stirred using a magnetic stirrer for 15 hours. The mixture

was then centrifuged at 2850g and the supernatant decanted.

The process was repeated by adding the solvent with the

precipitated pellet. The supernatants were collected and

concentrated in a rotary evaporator in low pressure yielding

the dried extract. This extract (12 g/100g powdered D. biflorus)

was used for the study.
2.3. Animals

Female albino rats (SpragueeDawley strain) of body weight

100e150 g, which were bred and reared in the department

animal house, were used for this study. They were provided

with laboratory chow (Hindustan Lever Lab diet) and water ad

libitum throughout the experimental period. The rats were

housed in polypropylene cages in a room with the tempera-

turemaintained at 26 ± 1�C and a 12-hour lightedark cycle. All

experiments were conducted as per the guidelines of the

Animal Ethics Committee CPCSEA (Registration No. 218/

CPCSEA) according to Government of India accepted princi-

ples for laboratory animal use.
2.4. Carrageenan-induced acute inflammation

Anti-inflammatory effects of various doses of the DME were

evaluated in acute inflammatory model induced by carra-

geenan in albino rats (150e200 g body weight). Rats were

divided into four groups of six rats as follows. Group I: control

rats; Group II: rats were given 0.1 mL 1% carrageenan; Group

III: rats were given 0.1 mL 1% carrageenan þ DME (50 mg/kg

body weight); and Group IV: rats were given 0.1 mL 1%

carrageenan þ Voveran (Novartis India Ltd, Thane, Mahara-

shtra, India; 20 mg/kg body weight). The methanolic extract

was given as a dose of intraperitonial injection (50mg/kg body

weight) to the rats in Group III. Rats of Group IV were given an

intraperitonial injection (20 mg/kg body weight) of Voveran.

After 30minutes of pretreatment withmethanolic extract, the

inflammatory agent used for the study was Type IV Lambda

carrageenan (Spectrochem). A 0.1 mL sample of carrageenan

(1% in normal saline) was injected (Groups IIeIV) into the

plantar aponeurosis of the right hind paw, producing acute

inflammatory edema leading to marked increase in the vol-

ume of the limb. The control group received only carrageenan

(1% in normal saline). The volume of each paw was measured

by means of a screw gauge before and 3 hours after carra-

geenan injection.

The percentage edema was calculated by Winter et al's
method [14].

Percentage inhibition ¼ Vc� Vt� 100=Vc; [1]

where Vc and Vt are the average edema volume of control and

test. At the end of the experimental period animals were

sacrificed after an overnight fast. The blood was collected in
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Fig. 1 e Inhibitory effect of methanolic extract of Dolichos

biflorus seeds and Voveran on carrageenan-induced paw

edema. Values expressed as average of six rats ± standard

error of the mean in each group. Group I: normal; Group II:

rats were given 0.1 mL 1% carrageenan; Group III: rats were

given 0.1 mL 1% carrageenan D methanolic extract of

Dolichos biflorus seeds; and Group IV: rats were given

0.1 mL 1% carrageenan D Voveran.
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test tubes containing anticoagulant (heparin). The paw tissue

of the inflamed paw was also taken for the experiment.

2.5. Isolation of peripheral blood mononuclear cells

Isolation of monocytes was carried out as described by Rad-

hika et al [15]. A 3mL volume of Histopaque 1083 solution was

placed in a 15 mL tube and 3 mL blood was layered on top of

this density gradient. After the centrifugation (400g for 30

minutes at room temperature) the blood cells were separated

into two fractions: an upper white layer consisting of mono-

nuclear cells plus the majority of platelets at the interface

region, and a lower layer containing erythrocytes and gran-

ulocytes. The plasma layer on top was clear and contained no

cells. First the plasma layer was removed and discarded. From

the buffy coat, the monocytes were carefully taken off by

aspiration and washed with phosphate buffered saline. This

was repeated twice. After that, the pellet was resuspended in

phosphate buffered salineeTween and subjected to freeze-

ethaw cycle three times. The resulting lysate was used as the

enzyme source.

2.6. Assay of COX

COXwas assayed by the thiobarbituric acidmethod of Shimazu

et al [16]. The assay mixture contained Tris-HCl buffer, gluta-

thione, hemoglobin, and enzyme. The reaction was started by

the addition of arachidonic acid. Then terminated after 1 mi-

nute's incubation at 25�C by addition of 0.2 mL of 10% tri-

chloracetic acid in 1N HCl, mixed and 0.2 mL of thiobarbituric

acidwas added. The contents heated in a boiling water bath for

20 minutes, cooled and centrifuged at 120g for 3 minutes. The

supernatant was measured at 532 nm for COX activity.

2.7. Assay of LOX

LOX was measured using Axelrod et al's method [17]. A 70 mg

sample of linoleic acid and equal weight of Tween 20 were dis-

solved in 4mLoxygen freewater andmixedback and forthwith

a pipette, avoiding air bubbles. Sufficient amount of 0.5 NNaOH

was added to yield a clear solution (0.55 mL) and thenmade up

to 25mL using oxygen-free water. This was divided into 0.5 mL

portions and flushed with nitrogen gas before closing and kept

frozen until needed. The assay mixture for 5-LOX contained

2.75 mL of borate buffer pH 9.0, 0.2 mL of sodium linoleate and

50 mL of enzyme. The increase in OD was measured at 234 nm.

The assay mixture for 15-LOX contained 2.75 mL of phosphate

buffer pH 6.5, 0.2 mL of sodium linoleate, and 50 mL of enzyme.

The increase in ODwas measured at 280 nm.

2.8. Biochemical estimations

Determination of myeloperoxidase activity was determined

by a previously described method [18]. The sample was mixed

with 50mMphosphate buffer (pH 6) containing 1.67mg/mL O-

dianisidine dihydrochloride and 0.0005% hydrogen peroxide;

5N HCL was added to stop the reaction. The change in

absorbance at 400 nm was measured. Nitric oxide synthase

(NOS) was determined by the method described previously

[19]. Malondialdehyde (MDA), Superoxide dismutase (SOD),
catalase, glutathione peroxidase (GPx), reduced glutathione

(GSH), and vitamin C were estimated as reported earlier [20].

Glutathione reductase (GRd) was assayed by the following

method of David and Richard [21]. Concentration of cerulo-

plasmin was measured by Ravin's method [22]. The protein

concentration of the samples was determined by Lowry et al's
method [23].

2.9. Phytochemical analysis

Phytochemical analysis was carried out to ascertain the

qualitative composition of secondary metabolites such as

sugars, phenolic compounds, tannins, anthroquinones, fla-

vonoids, saponins, steroids, glycosides, and alkaloids by

employing coloration and precipitation test [24,25].

2.10. Statistical analysis

The results were analyzed using SPSS/PCþ, version 11.0 (SPSS

Inc., Chicago, IL, USA). One-way ANOVA was employed for

comparison test of significant differences among groups. Pair

fed comparisons between the groups was made by Duncan's
multiple range test p < 0.05 was considered significant.
3. Results

3.1. Anti-inflammatory effect of DME on carrageenan-
induced paw edema

A dose of 50 mg/kg DME showed 73% inhibition of paw edema

at the 3rd hour. The result was comparable to the effect pro-

duced by the standard anti-inflammatory drug Voveran

(20 mg/kg; Fig. 1).

3.2. Effect of DME on inflammatory mediators

Isolated monocytes from the blood after 3 hours of experi-

ment period and COX activity was assayed. COX is responsible

http://dx.doi.org/10.1016/j.jfda.2014.02.002
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Fig. 3 e Activity of 5-lipoxygenase and 15-lipoxygenase.

Values expressed as average of six rats ± standard error of

the mean in each group. Group I: normal; Group II: rats

were given 0.1 mL 1% carrageenan; Group III: rats were

given 0.1 mL 1% carrageenan D methanolic extract of

Dolichos biflorus seeds; and Group IV: rats were given

0.1 mL 1% carrageenan D Voveran. a [ statistical

difference compared with Group I at p < 0.05; b[ statistical

difference when Group II compared with Groups III and IV

at p < 0.05.
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for the synthesis of PGs involved in the inflammatory

response. The activity of COX in monocytes was significantly

(p < 0.05) increased in carrageenan-induced rats when

compared with the normal group. Treatment with DME

showed significant (p < 0.05) reduction in COX activity as

compared to carrageenan-induced rats (Fig. 2).

LOX is involved in the synthesis of leukotrienes, which are

lipidmediators of inflammation. The activity of 5-LOX and 15-

LOX in monocytes was significantly (p < 0.05) increased in the

carrageenan-induced rats when compared with normal

group. Supplementation of DME showed significant (p < 0.05)

decrease in 5-LOX and 15-LOX activity as compared to

carrageenan-induced rats (Fig. 3).

Myeloperoxidase (MPO) is a powerful proinflammatory

enzyme considered as a biomarker of neutrophil activity. In

paw tissue, the activity of MPO was significantly (p < 0.05)

increased in carrageenan-induced rats when compared to the

normal group. DME treated group showed significant (p < 0.05)

inhibition inMPO activitywhen compared to the carrageenan-

induced rats (Fig. 4).

Nitric oxide is a ubiquitous biomessenger, used for a

number of inter- and intra-cellular signaling functions

including blood-vessel dilation, neuronal signal transmission,

and cytotoxicity against pathogens. The concentration of NOS

in monocytes was significantly (p < 0.05) increased in the

carrageenan-induced rats when compared with the normal

group. Supplementation of DME showed significant (p < 0.05)

reduction in NOS activity as compared to the carrageenan-

induced rats (Fig. 5).
3.3. Effect of DME on oxidative stress

MDA is one of the most frequently used indicators of lipid

peroxidation, which is a causative of oxidative stress. The

concentration of MDA in paw tissue was significantly (p < 0.05)

increased in the carrageenan-induced rats when compared

with the normal group. Treatment with DME showed a signifi-

cant (p < 0.05) decrease in MDA level in paw tissue when

compared to the carrageenan-induced rats. The effect was
Fig. 2 e Activity of cyclooxygenase. Values expressed as

average of six rats ± standard error of the mean in each

group. Group I: normal; Group II: rats were given 0.1 mL 1%

carrageenan; Group III: rats were given 0.1 mL 1%

carrageenan D methanolic extract of Dolichos biflorus

seeds; and Group IV: rats were given 0.1 mL 1%

carrageenan D Voveran. a [ statistical difference

compared with Group I at p < 0.05; b[ statistical difference

when Group II compared with Groups III and IV at p < 0.05.
similar in rats treated with both drugs. The concentration of

ceruloplasmin in serumwas significantly (p< 0.05) increased in

the carrageenan-induced rats when compared with normal

group. Supplementation of DME showed a significant (p < 0.05)

decrease in ceruloplasmin as compared to the carrageenan-

induced rats. Glutathione content and vitamin C in serum

also decreased significantly in the carrageenan-treated rats

when compared with the control rats. Treatment with DME

showed a significantly increased concentration of glutathione

and vitamin C content as compared to the carrageenan-treated

rats. SOD, catalase, GPx, and GRd activities in paw tissue were

significantly reduced in the carrageenan-induced rats when

comparedwith thecontrol rats. AdministrationofDMEshowed
Fig. 4 e Activity of myeloperoxidase. Values expressed as

average of six rats ± standard error of the mean in each

group. Group I: normal; Group II: rats were given 0.1 mL 1%

carrageenan; Group III: rats were given 0.1 mL 1%

carrageenan D methanolic extract of Dolichos biflorus

seeds; and Group IV: rats were given 0.1 mL 1%

carrageenan D Voveran. a [ statistical difference

compared with Group I at p < 0.05; b[ statistical difference

when Group II compared with Groups III and IV at p < 0.05.

One unit of MPO activity defined as that degrading 1 mm of

peroxide per minute at 25�C.

http://dx.doi.org/10.1016/j.jfda.2014.02.002
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Fig. 5 e Activity of NOS. Values expressed as average of 6

rats ± standard error of the mean in each group. Group I:

normal; Group II: rats were given 0.1 mL 1% carrageenan;

Group III: rats were given 0.1 mL 1%

carrageenan D methanolic extract of Dolichos biflorus

seeds; and Group IV: rats were given 0.1 mL 1%

carrageenan D Voveran. a [ statistical difference

compared with Group I at p < 0.05; b[ statistical difference

when Group II compared with Groups III and IV at p < 0.05.

Units [ 1 nmol of NO produced/min at 37�C.

Table 2 e Phytochemical analysis of the extract of
Dolichos biflorus. Preliminary analysis of methanolic
extract of Dolichos biflorus seeds showed the presence of
alkaloids, flavonoids, tannins, proteins, and
carbohydrates, and the absence of steroids and
glycosides.

Test Observation

Alkaloids

Mayer's test þþ
Wagner's test þþ
Modified Dragendorff's test þþ
Flavonoids

Ferric chloride test þ
Sodium hydroxide solution test þ
Mineral acid þ
Steroids

LiebermanneBurchard test e

Carbohydrates

Fehling's test þ
Benedict's test þ
Molisch's test þ
Selivanoff's test þþ
Protein

Biuret test þ
Cardiac glycosides

KellereKiliani test e

Tannins

Ferric chloride test þ

j o u r n a l o f f o o d and d ru g an a l y s i s 2 2 ( 2 0 1 4 ) 4 5 5e4 6 2 459
a significant increase in the activities of all these antioxidant

enzymes over the carrageenan-induced rats (Table 1).

3.4. Phytochemical analysis

The extract was analyzed for its phytochemical constituents,

such as alkaloids, flavonoids, carbohydrates, steroids, tan-

nins, cardiac glycosides, and proteins using standard pro-

cedures of analysis. Preliminary phytochemical analysis of

DME revealed the presence of alkaloids, flavonoids, tannins,

proteins, carbohydrates, and the absence of cardiac glycosides

and steroids (Table 2).
4. Discussion

Inflammation is the natural protective response of the body to

the tissue injury caused by different agents, and forms the

basis of many physiological and pathological processes. An
Table 1 e Effects of methanolic extract of Dolichos biflorus seed

Groups I

Malondialdehyde (mM/g tissue) 1.60 ± 0.09

Glutathione (mM/g tissue) 18 ± 1.52

Catalase (Units*/mg protein) 4.80 ± 0.37

Superoxide dismutase (Units$/mg protein) 3.80 ± 0.03

Glutathione peroxidase (Units#/mg protein) 10.50 ± 0.93

Glutathione reductase (Units#/mg protein) 480.08 ± 7.7

Vitamin C (mg/100 g tissue) 100.33 ± 1.22

Ceruloplasmin (mg/dL) 0.08 ± 0.001

Values expressed as average of six rats ± standard deviation in each grou

Group III: rats were given 0.1 mL 1% carrageenan þ methanolic extract

carrageenan þ Voveran. a ¼ statistical difference compared with Group

Groups III and IV at p < 0.05.

* Velocity constant/second; $ enzyme concentration to inhibit chromogen

min/mg protein.
imbalance between the two signals that initiate and shut the

process of inflammation, leaves inflammation unchecked,

resulting in cellular and tissue damage. Diet and nutrition

have an important role in preventing common non-

communicable diseases, including inflammatory disorders.

The present study aims to evaluate the anti-inflammatory and

free radical scavenging activity of DME in a carrageenan-

induced rat model.

Carrageenan-induced inflammation is a useful model to

detect the action of anti-inflammatory agents [26]. The

carrageenan-induced paw edema model in rat is known to be

sensitive to COX inhibitors and has been used to evaluate the

effect of NSAIDs, which primarily inhibit COX involved in PG

synthesis [27]. The administration of DME showed 73%
s on malondialdehyde and antioxidants.

II III IV

4.50 ± 0.28a 2.80 ± 0.14a,b 2.30 ± 0.10a,b

6 ± 0.91a 12 ± 0.10a,b 9 ± 0.13a,b

2.10 ± 0.13a 2.90 ± 0.16a,b 2.60 ± 0.11a,b

1.30 ± 0.09a 2.50 ± 0.14a,b 2.20 ± 0.10a,b

6.60 ± 0.79a 8.02 ± 0.68a,b 7.50 ± 0.63a,b

100.14 ± 2.8a 360.25 ± 9.1a,b 320.93 ± 5.6a,b

38.56 ± 2.53a 50.12 ± 0.962a,b 46.72 ± 0.31a,b

0.66 ± 0.005a 0.21 ± 0.002a,b 0.30 ± 0.001a,b

p. Group I: normal; Group II: rats were given 0.1 mL 1% carrageenan;

of Dolichos biflorus seeds; and Group IV: Rats were given 0.1 mL 1%

I at p < 0.05; b ¼ statistical difference when Group II compared with

production (OD 560 nm) by 50% in 1minute; # 1 mmol NADPH oxidized/

http://dx.doi.org/10.1016/j.jfda.2014.02.002
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inhibition of paw swelling compared to the standard drug

Voveran, which showed 70%. Thus the present results indi-

cate the efficacy of D. biflorus as an efficient therapeutic agent

in acute anti-inflammatory conditions.

Acute phase proteins are synthesized in the liver in

response to inflammation. They regulate the level of inflam-

matory mediators in response to demand and opsonize

foreign particles. The plasma protein ceruloplasmin is a

powerful free radical scavenger that oxidizes iron from the

ferrous to ferric state. Ceruloplasmin level increases under

conditions leading to the generation of oxygen products such

as the superoxide radicals and hydroperoxide. In the DME

treated rats the level of ceruloplasmin was reduced compared

to carrageenan-induced rats. The decreased level of cerulo-

plasmin by DME showed a protective response to a decrease in

circulating unbound Fe2þ, which may act as an inhibitor of

further free radical-induced lipid peroxidation.

Mononuclear cells are the main producer of the lipid me-

diators, thus indicating the cellular interdependence during

the inflammatory process. COX and LOX are two important

enzymes that catalyze the formation of mediators involved in

the inflammatory process. Inhibitors of COX are the main-

stays of current therapy aimed to modulate pain and inflam-

mation, and to control fever. Currently available NSAIDs act

by inhibiting the activity of COX enzymes that convert the

arachidonic acid to PGH2 [28]. PG plays an important role in

promoting the signs and symptoms of inflammation [29]. In

the current study, the carrageenan-induced rats showed an

increased activity of COX, whereas the DME administration

significantly decreased the COX activity. Based on these re-

ports it is inferred that the inhibitory effect of DME (50 mg/kg

body weight) on carrageenan-induced inflammation in rats in

the present studymay be due to inhibition of the enzyme COX

leading to inhibition of PG synthesis. Treatment with DME is

shown to inhibit COX as comparable to Voveran.

5-LOX is a key enzyme involved in the synthesis of leuko-

trienes from arachidonic acid, an important mediator of

inflammation [30]. On cell stimulation, elevated Ca2þ levels

and activated signal transduction cascades activate 5-LOX and

lead to the release of arachidonic acid from phospholipids by

phospholipase A2. In the present study, the administration of

DME showed a decrease in the activity of 5-LOX as compared

to the carrageenan-induced rats. 15-Hydroxyeicosatetraenoic

acid is a predominant amino acid metabolite produced by the

enzyme 15-LOX and is believed to play a significant role in

inflammation. The results showed that there was a signifi-

cantly (p < 0.05) decreased activity of 15-LOX in DME-treated

rats when compared with the carrageenan-induced rats.

Thus the decreased 5-LOX and 15-LOX activity by DME sug-

gests that inhibition of leukotriene synthesis may be another

mechanism through which DME mediates the anti-

inflammatory action [31]. The overall anti-inflammatory ac-

tivity of the DME was pronounced when compared to the ef-

fect of the standard drug Voveran.

MPO is an enzyme stored in azurophilic granules of poly-

morphonuclear neutrophils and macrophages, released into

extracellular fluid in the setting of inflammatory process. MPO

produces hypochlorous acid from hydrogen peroxide (H2O2)

and chloride anion during the neutrophil's respiratory burst.

In the present study the carrageenan-induced rats showed an
increased activity of MPO in the paw tissue [32] whereas

treatment with DME significantly decreased the elevated MPO

activity in the monocytes, an indicator of neutrophil in

inflamed paws, suggesting that inhibition of neutrophil infil-

tration may be another mechanism by which the extract

achieves its anti-inflammatory effect compared carrageenan

and voveran treated group.

Nitric oxide is an important chemical mediator generated

by endothelial cells, macrophages, and neurons that is

involved in the regulation of various physiological processes.

Excess concentration of NO is implicated in the cytotoxic ef-

fects observed in various disorders such as AIDS, cancer,

Alzheimer's, and arthritis [33]. In the current study, the level of

NOS in the monocytes was significantly increased in the

carrageenan-induced groups, whereas it was decreased in the

DME-treated group.

ROS are associated with the inflammatory response and

frequently contribute to the tissue damaging effects of in-

flammatory reactions [34,35]. Reactive free radicals may

damage cells by initiation of lipid peroxidation that causes

profound alteration in the structural integrity and functions of

cell membranes. MDA is the major reactive aldehyde, result-

ing from the peroxidation of biological membranes [36], and is

an end product of the oxidation and decomposition of poly-

unsaturated fatty acids containing three or more double

bonds. The increased concentration of lipid peroxidation

product, measured as MDA is most widely used to assess the

extent of inflammation [37]. The increased levels of MDA in

the carrageenan-induced rats indicate increased lipid perox-

idation during inflammation that contributes to the increased

swelling of the paw. On treatment with DME, a significant

decrease in the MDA levels were observed, which indicate the

efficiency of DME in inhibiting lipid peroxidation.

The antioxidants that can scavenge ROS are expected to

improve these conditions. The body has an effective mecha-

nism to prevent and neutralize the free radicaldinduced

damage. This is accomplished by a set of endogenous anti-

oxidant enzymes, such as catalase, SOD, GPx, and GRd [38].

Catalase is a hemeprotein, localized in the peroxisomes or the

microperoxisomes. The DME treatment significantly

enhanced the catalase activity in the study by the decompo-

sition of H2O2 to water and oxygen and thus protecting the cell

from oxidative damage by H2O2 and OHe. The carrageenan-

induced rats showed a decrease in the activity of catalase.

SOD is ametalloprotein and is the first enzyme involved in the

antioxidant defense by lowering the steady-state level of O2�.

DME administration significantly decreased the activity of

SOD compared to carrageenan-induced rats.

GPx is a selenoenzyme, two-thirds of which (in liver) is

present in the cytosol and one-third in the mitochondria. It

catalyzes the reaction of hydroperoxides with reduced gluta-

thione to form glutathione disulphide (GSSG) and the reduc-

tion product of the hydroperoxide [39]. GSH is a major

nonprotein thiol in living organisms that plays a central role in

coordinating the body's antioxidant defense processes. GRd

reduces GSSG to the sulfhydryl form GSH, which is an

important cellular antioxidant. For every mole of oxidized

GSSG, one mole of NADPH is required to reduce GSSG to GSH.

The free radicals formed as a result of respiratory burst in

inflammation contribute to the swelling of paw, and are

http://dx.doi.org/10.1016/j.jfda.2014.02.002
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effectively scavenged by the combined action of GPx, GRd, and

GSH. In the present study, it was found that DME treatment

significantly increased the activity of GPx and GRd and the

levels of GSH when compared with the carrageenan-induced

rats. The effect of DME was more pronounced than the stan-

dard drug Voveran.

Vitamin C is another antioxidant that alleviates the effect

of oxidative stress. The activities of these antioxidants are

increased by proinflammatory cytokines. Vitamin C is a strong

antioxidant and its level was increased upon DME treatment

compared to the carrageenan-induced rat. From these results

it is clear that the increased levels of vitamin C spares the

oxidation of vitamin E, which is again a strong membrane

antioxidant. This sparing effect of vitamin C quenches the

increased generation of free radicals in DME administered

rats, which confers protection during inflammation. Thus the

results indicate that the administration of DME to

carrageenan-induced rats counteracts the increased levels of

lipid peroxide products. This decreased lipid peroxidation is

associated with increased activities of antioxidant enzy-

mesdcatalase, SOD, GPx, and GRddand antioxidants such as

GSH and vitamin C. Thus the study indicates the protective

effect of D. biflorus in carrageenan-induced lipid peroxidation,

which may be due to its antioxidant effect.

Preliminary phytochemical analysis of DME revealed the

presence of alkaloids, flavonoids, tannins, proteins, and car-

bohydrates, and the absence of cardiac glycosides and ste-

roids. Thus the phytochemical screening also supports the

anti-inflammatory and antioxidant effects of the methanolic

extract. The qualitative analysis of DME (Table 2) showed

higher content of alkaloids. The high content of alkaloids in

DME may contribute to the antioxidant and anti-

inflammatory activity of the extract. Further studies are in

progress to isolate the active component in the extract and to

evaluate its molecular mechanism of anti-inflammatory ac-

tivity and the pathways involved in inflammation.
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