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ABSTRACT

Despite traditional claims about the pharmacologigaoperties of Dolichandrone falcata and the swesfal
isolation of bioactive compounds from its leavesimdepth scientific study has been carried outtwir effects.
The present study was carried out to determinettteinflammatory and antinociceptive activitiestbé methanol
(DFFM) and ethyl acetate (DFFEA) extracts of Dolictdrone falcata fruits using animal models. An astwas
obtained from air-dried, powdered fruits (900 glngsa Soxhlet extractor with methanol, it was theated to
obtain the ethyl acetate extract. The crude drideFBl extract (90 g) and DFFEA extract (18 g) wereedigo
prepare formulations, at doses of 100, 200 and #@@kg, that were used in anti-inflammatory (carragean- and
histamine-induced paw edema test) and antinocieepfabdominal constriction, hot plate and tail Kitests)
assays. The results obtained indicate that theaetdr exhibited significant (P< 0.001) anti-inflamtorgy and
antinociceptive effects, which were found to beeddspendent. The highest doses of both extracts meist
significant and effective. This study showed that methanol and ethyl acetate extracts of Dolichanefalcata
fruits possess potentially pharmacologically actienstituents responsible for inhibition of inflamtion and
nociceptive effects.
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INTRODUCTION

Dolichandrone falcate&Beem. (Bignoniaceae) is knownragdshingin the Toranmal region of Maharashtra, India.
It is a small- to medium-sized deciduous tree,irdtig a height of 20 to 50 feet, and is commonlyrfd in hill
forests [1]. It is occasionally seen in dry scrobekts. Sometimes it is grown in hedges alongdielthe bark is
used as a fish poison. A decoction of the fruitgsed to bring about abortion [2]. The bark is gibinto a paste
and applied on fractured or dislocated bones [iteJfrom the bark is used to treat menorrhagialeandorrhea [3].
The plant is very rich in flavonoids. A few otherhstances have been isolated from the leaves, bteky,and fruit.
Chrysin-7-rutinoside has been identified in thevé=a[4]. Chrysin is a flavone that is commonly fdun plants and
that has been reported to have many different gickd activities including anti-oxidant, anti-altgéc, anti-
inflammatory, anticancer, anti-estrogenic, and alyxic activities [5]. Although there are traditiainclaims about
the pharmacological properties bf falcataand bioactive compounds have been isolated suctigsgbm it, no
in-depth scientific study has been performed is tegard. The aim of the present study was to ahinerthe anti-
inflammatory and antinociceptive properties of biEFM and DFFEA extracts dd. falcata fruits using different
animal models.
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MATERIALSAND METHODS

Plant Material

Dolichandrone falcateéSeem. (Bignoniaceae) fruits were collected fromTlranmal Hills of the Satpura region of
Maharashtra in May. Specimens were identified amthenticated by the Botanical Survey of India, Ruaed a
voucher specimen of the sample (vishal 1) was degsbsn the herbarium collection at the Department
Pharmacognosy, R.C. Patel Institute of Pharmacduiducation and Research. The fruits were cleameddried
in the shade and were pulverized to obtain a 40amesvder. This powder was stored in an airtightaier.

Preparation of Extracts

Methanolic extract (DFFM)This extract was obtained from the dried fruit plew(900 g) with methanol (3 L x 4) by
continuous hot extraction in a Soxhlet extractére Tnethanol-containing extract was filtered andiltid on a water
bath. The resulting methanol extract solution wascentrated in vacuum using a Rota Vapor. A gréebiswn
powder amounting to 10% (90 g) of the weight of ploevder was obtained.

Ethyl acetate extract (DFFEA).en grams of the methanol extract was suspendedter (500 ml) and fractionated
with n-hexane (800 ml x 3), chloroform (600 ml x 4), éthgetate (500 ml x 4), angtbutanol (500 ml x 4)
successively. Evaporation yieldeehexane (0.5 g), chloroform (3.5 g), ethyl acei@eg), andn-butanol (1.2 g)
with the extract [6]. The ethyl acetate (DFFEA)ragt was used for pharmacological screening.

Solutions of Standard Drugs and Chemicals

Solutions of acetylsalicylic acid (Reckitt Benckis200 mg/kg), pentazocine (Ranbaxy, 5 mg/kg), distbfenac
sodium (Lupin, 10 mg/kg) were prepared for compmariby dissolving the respective drugs or chemitakaline:
CMC (Carboxy Methyl Cellulose). Carrageenad)( (C3889-5G) and histamine (H-7375) were obtaifredn
Sigma Aldrich, USA. Acetic acid (HPLC grade) wagaibed from S. D. Fine-chem Ltd., Mumbai.

Pharmacological Studies

Test animalsWistar rats (150-200 g; 8-11 weeks old) and Swisma mice (25-30 g; 7-10 weeks old) both male
and female were obtained from R.C. Patel InstinftePharmaceutical Education and Research, Shirgd,
Government Veterinary College, Mahu, MP (India)eTdmimals were housed in the animal house of RateIP
Institute of Pharmaceutical Education and Rese&hbhpur, in polycarbonate cages. The room was taiaied at a
temperature of 22 + 2°C and a relative humiditys0§70%. The animals were provided food and watklibitum

All the experimental procedures and protocols usetthe study were reviewed by the Institutional wai Ethics
Committee (Register Number: RCPIPER/IAEC/2008-09/aB8d were in accordance with the guidelines of the
CPCSEA, Ministry of Forests and Environment, Goweent of India. The animals were deprived of foodZd h
before experimentation but were allowed free actesgater at all times. All studies were carried on groups of
six animals for both anti-inflammatory and analgesitivity.

Acute toxicity testAcute toxicity tests were performed according toGDE2001 guidelines. Swiss albino mice were
weighed and marked, and a single high dose (300@ghgf DFFM and DFFEA as recommended by the OECD
guidelines was administered to the first animale TFFM and DFFEA doses were administered separetdipth

the first test animals respectively. After a singtéministration, the animal was observed for sightxicity and
unusual behavior each hour up to the 24th houthi#f animal was found to be dying, then a weakesedwas
administered to the next animal. The same procedasefollowed for that the second animal. If it\gued, then
the same dose was given to the next five animdlghé animals were observed for signs of toxie@tyd mortality

for up to 14 days. The body weight of the animabwaiso measured. All the data obtained from theasirals
were analyzed using the statistical program AOT#&Bgm. This program was used to determine the Lizb0e

of the test drug.

Carrageenan-induced rat paw edema methBdts of either sex (150-200 g) were divided intgheigroups
containing six animals each. The rats were fastedl? hours prior to induction of edema; howeveater was
providedad libitum To ensure uniform hydration and to minimize viitity in the edematous response, rats were
deprived of water only during the experiment. Inflaation of the right hind paw was induced by injggt0.1 ml
of 1% carrageenan solution in normal saline int® shbplantar region of the paw [7]. A negative oangroup
received saline: CMC (0.5%) solution [8], and aifdes control group received diclofenac sodium ¢hg/kg) p.o.
[9]. Three groups received DFFM at doses of 10@, 2hd 400 mg/kg, respectively, p.o. The remairtmge
groups received DFFEA at doses of 100, 200, ancd#§Rg, respectively, p.o. All the drug treatmentse given 1
hour before the carrageenan injection. The pawmelwas measured using a digital plethysmometer ®hgile,
7140) before and 1, 2, 3, 4, 5, and 6 hr aftercieageenan injection [7, 10]. The edema was détedras the
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increase in paw volume due to the carrageenantiojecThe extracts and the reference drugs wersoblied in
0.5% carboxy methyl cellulose solution just befose.

Histamine-induced rat paw inflammatioRats of either sex (weighing 150-200 g) were diglidi@o eight groups
containing six animals each. The rats were fastedl? hours prior to induction of edema; howeveater was
providedad libitum Inflammation of the right hind paw was inducedibjgcting 0.1 ml of histamine (1 mg/ml) in
normal saline into the subplantar region of the pAwiegative control group received CMC (0.5%) solu [8],
and a positive control group received diclofenagdiwm (10 mg/kg) p.o [9]. The procedure used inrdmainder of
the test was the same as that utilized with caenage-induced edema. The percentage rise in pawneoluas
determined using the following formula.

Percentage rise in paw volume ¥{¢ Vg)/Vq] x 100%,
whereV, = paw volume at timeandV, = paw volume at time 0.

Antinociceptive (Analgesic) Activity

Acetic acid-induced writhing testhe analgesic activity was measured against chéraigh thermal stimuli. The
mice were divided into eight groups consistingigfamimals each. The control group received norsatéhe: CMC
(99:1) p.o, and the standard group received AsgRDD mg/kg, i.p.). The test groups received thé~MFand
DFFEA extracts at doses of 100, 200, and 400 mp/&gseparately. The acetic acid-induced abdonvimihing
test was performed as described by Collier et &]. [Mociception was induced by an i.p. injection108% acetic
acid at a dose of 10 ml/kg body weight after 30utés of standard and test drug administration. umaber of
stretching or writhing movements noted was recoffdat 5 minutes to 15 minutes after injection.

Hot-plate testAn Eddy’s hot plate was used to measure responsacias according to the method described by
Eddy and Leimback[12], with minor modifications.& paws of mice are very sensitive to high tempeeataven if
there is no damage to the skin. The response tiseiform of jumping, withdrawal of the paws or licg of the
paws. The animals were placed on the hot plate igttemperature at 55+0.5°C. A cut-off period &f deconds
was used to avoid damage to the paws. The reatiti@nand the type of response were noted usingwsitch.
The latency was recorded before and after 30, 60a8d 120 minutes for both the test drug and téwedsird. The
average reaction times were then calculated, angehcentage variation was calculated using thewioig relation
[13]

Percentage pain inhibition = [(Drug latency - baselatency)/baseline latency] x 100%

Tail immersion methodlhe tail immersion test was conducted as descrihgdl4]. This involved immersing the
distal 3 cm of a mice’s tail in a water bath contiag water at a temperature of 55+0.5°C. Withirwa finutes, the
mice reacted by withdrawing the tail. The reactiome was recorded using a stopwatch. Each aninmaédens its
own control, and two readings were obtained fordietrol at 0 and 10 minutes. The average of tleevalues was
the initial reaction timeT,). The test groups were given DFFM and DFFEA (1200, and 400 mg/kg, p.o.),
pentazocine (5 mg/kg) and 1% CMC (p.o.). The reactimes T,) for the test groups were measured at 30, 60, 90,
and 120 minutes after a latency period of 30 mmdedlowing the administration of DFFM and DFFEAdathe
standard drug [15].

Statistical Analysis

Statistical analysis of all the results was carried using two-way ANOVA followed by Bonferroni potest,
except the results obtained in acetic acid induegithings which was analyzed by using one-way ANOVA
followed by Dunnett's multiple comparisons using thraph pad in stat 5 Demo. All the results obthimethe
study were compared with those for the vehicle mdngroup. P values <0.05 were considered statistically
significant.

RESULTS

Acute Toxicity Test

Dolichandrone falcatdruit extracts did not produce any mortality evara dose of 3000 mg/kg body weight p.o.
D.falcatawas thus found to be non-toxic. On the basis es¢hresults, three doses (100, 200, and 400 mo#xg,
of D.falcata DFFM, DFFEA)were selected for further pharmacatagstudies.
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Carrageenan-induced rat paw edema

DFFM caused a significant inhibition in the percese of carrageenan-induced rat paw edema at @és230 and
400 mg/kg. The maximal inhibition in the percergteriof edema volume was achieved at a dose 400 niigkg
0.001), compared with the standard drug, diclofesadium (10 mg/kg). DFFEA failed to produce sigrafit

inhibition at doses of 100 and 200 mg/kg, but ghbr dose of 400 mg/kg it exhibited significantibition by 4 hr.

(P<0.01) (Table 1).

Histamine-Induced Rat Paw Edema

DFFM at doses of 200 and 400 mg/kg caused a signifiinhibition in the percent rise of histamindted rat
paw edema. The maximal inhibition in the perces¢ Bf edema volume was achieved at both dosesOofu2d 400
mg/kg P< 0.001), compared with the standard drug, diclafesodium (10 mg/kg). DFFEA at dose of 400 mg/kg
(P< 0.001) produced significant inhibition in the pent rise of histamine-induced rat paw edema (T2ple

Acetic Acid-Induced Writhing Test

The DFFM and DFFEA extracts &f.falcata fruits significantly reduced the writhing and s$tt@ng induced by
1.0% acetic acid at a dose of 10 ml/kg. Significamtl dose-dependent protective effects were obdewigh the
DFFM and DFFEA extracts causing at doses of 100, 28d 400 mg/kg p.o. an inhibition of the writhirgsponse
induced by acetic acid. The maximal inhibition lo thociceptive response was achieved by both egtaacose of
400 mg/kg P< 0.01) (Table 3).

Hot Plate Test

DFFM extract at oral doses of 100, 200, and 40kgglicited a significant analgesic activity asdmnced by an
increase in the latency time in comparison withribgative control at the end of 30, 60, 90, and rhftutes. The
increase in latency time was found to be dose digrerand was found to be very significaP€ (0.001) at doses of
200 and 400 mg/kg. DFFEA extract also elicitedgmigicant dose dependent analgesic activity at drigloses of
200 and 400 mg/kdP< 0.001) (Table 4).

Tail Immersion Test

DFFM extract at oral doses of 100, 200, and 400kghglicited significant analgesic activity as evided by an
increase in the time to flick the tail comparedhatiihe negative control at the end of 30, 60, 9@, 520 minutes.
The increase in latency time was found to be degeenddent and to be very significant at doses of &80 400
mg/kg P< 0.001). Similarly DFFEA at doses of 200 and 40§/kg produced significant analgesic activi§<(
0.001) (Table 5).

DISCUSSION

The present study on different animal models indigathat D.falcata has pharmacological potential as an
antinociceptive and anti-inflammatory agent. Thaitstof DFFM and DFFEA to prolong the latency tsdomfort

in the acetic acid-induced writhing, hot plate aail flick tests suggests that the extracts havemt@l to inhibit
chemically and thermally induced noxious stimuleTability to inhibit/reverse these tests could dle associated
with the extracts’ potential to inhibit inflammatienduced [16] and non-inflammation-related [17]cioeption,
respectively. In general, several mechanisms édmaciould be used to explain the observed antieptice activity

of DFFM and DFFEA. The ability to inhibit/reverdeet centrally synthesized prostaglandins or COX [#]ld be
one of the possible mechanisms that contributbeacentral antinociceptive activity of DFFM and [HA-seen in
the present study. Intraperitoneal administratidnan agent that irritates the serous membranesogesv a
stereotypical behavior in mice that is charactetig abdominal contractions, movements of the basla whole,
twisting of dorso-abdominal muscles, and a redactiomotor activity and coordination [19]. The peasstudy did
not aim at isolation and identification of bioagticompounds, but phytochemical screening of DFFM RBRFEA
demonstrated the presence of flavonoids, sterda®ins, and glycosides, which, it has been sugdesict
synergistically to exert the observed pharmacokligactivity [20]. The presence of flavonoids in th&FM and
DFFEA could possibly lead to the observed actisitiEhe anti-inflammatory activity of DFFM and DFFEAuld
also be linked to the ability of the extracts tfiiance the central COX activity or prostaglandinttesis. This fact
is supported by claims that the carrageenan-indun#dmmation is a COX-dependent response and ts no
controlled with arachidonate lipo-oxygenase inluitstbut is more effectively controlled with araahate cyclo-
oxygenase [21]. Interestingly, compounds such agofioids and triterpenes, in part, have been shovpossess
anti-inflammatory activity, and the claim made bytalvay and Zaborsky [22] that compounds with anti-
inflammatory activity also possess antinociceptativity seems to support our findings on the pleohogical
activities of DFFM and DFFEA. On the basis of ti@sses of compounds detected in DFFM and DFFE/Aerakv
mechanisms of action could be used to explain theeiwed activities of the extracts. Flavonoids potent
inhibitors of nitric oxide synthase type 2, whighinvolved in the synthesis of NO via an indireltdiade of the
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cyclo-oxygenase and/or lipo-xygenase pathways §28] of the protein kinase C anearginine/NO pathways [24],
which are known to take part in a series of molacabents that lead to antinociceptive [25] andriafitammatory
activities. Links between the release of NO from émdothelial cells during vasorelaxation, theighdf flavonoids
to induce vasodilation, and the importance of vdatidn in the antinociceptive and anti-inflammatenechanisms
have also been reported and are worth mentioniy [the anti-inflammatory activity of DFFM and DFREon
the other hand, could be associated with the itdnpieffect of flavonoids on nuclear factoB [27]. To
demonstrate whether DFFM and DFFEA were producimitiaflammatory activity in this model by actingho
histamine, the effect of DFFM and DFFEA on histagrinduced inflammation was studied.

Histamine-induced rat paw inflammation is the magsdd to study the anti-inflammatory activity ofieais agents.
Histamine is one of the important mediators ofanfmation. Histamine increases vascular permealaility acts
with prostaglandins to induce edema [28]. Theseiated are stored in the secretory granules andetegased from

mast cells during their activation. They are praub act through specific receptors on nearbyulasere and to
induce plasma extravasation[29].

Table: 1. Anti-inflammatory activity of DFFM and DFFEA assessed using the carrageenan-induced paw edema test

Treatment Dose (mg/kg Percentage rise in paw edemidferent time intervals

Time Llhour 2hour 3hour 4hour 5Shour 6hour
Control - 51+3.97 66+4.44 93.4+1.98 83.9+4.74 83.78 83.5+4.22
DFFM 100 39.1+1.92 50.5+2.00 78.0+3.78 53.4+2.96}* 64.7+2.70 60.0+4.40*
DFFM 200 27.1+5.49* 44.4+1.46* 58.9+4.22*} 43249 | 44.9+3.15%** 54+6.3**
DFFM 400 20.1+4.17**| 37.845.89**| 52.6+6.26** 40.%t75** | 32.54+5.47** | 26.8+7.05***
DFFEA 100 34.5+6.73 67.2+10.4 90.1+8.0§ 82.5+6.23 1.8%5.03 69.5+5.24
DFFEA 200 36.3+3.79* 48.0£2.74 84.4+4.95 48+4.2* .38.87 55.4+1.42
DFFEA 400 20.5+2.13* 38.6+4.19 82.7+7.54) 45+6.9** 4.B+5.55 62.9+6.76
STD (diclofenac sodium 10 12+1.01** 19.14+0.49** 45,3+1.82%*** 34+3.6%** 31.2+4.83** | 29.6+4.05%**

Values represent mean + SEM, n = 6. DFFM: Dolicheovie falcata fruit methanol extract. DFFEA: Doliaidrone falcata fruit ethyl acetate
extract. STD: Standard drug. Two-way ANOVA follolwgdonferroni post test.
*P < 0.05, *P< 0.01, ***P< 0.001 compared with cdrol group.

Table 2. Anti-inflammatory activity of DFFM and DFFEA assessed using the histamine-induced paw edema test

Treatment Dose (mg/kg) Percentage rise in paw edgmiidferent time intervals
Time 1hour 2hour 3hour
Control - 58.2+3.02 70.6+2.62 74.6+4.32
DFFM 100 44.2+2.14* 40.2+2.76* 35.5+2.90**
DFFM 200 30.0+2.46* 26.5+0.893** 20.9+1.44***
DFFM 400 24.8+5.09* 12.94+2.40*+* 11.3+2.21%*
DFFEA 100 41.0+£1.55 44.4+1.14* 40.5+0.940*
DFFEA 200 42.1+4.60 33.8+4.76** 27.4+4.78*
DFFEA 400 25.4+5.47* 28.1+6.37** 23.1+5,99***
STD (diclofenac sodium 10 13.7+0.835* 8.64+1.18*| 7.13+0.954***

Values represent mean + SEM, n=6. DFFM: Dolichamiizdalcata fruit methanol extract. DFFEA: Dolichaode falcata fruit ethyl acetate
extract. STD: Standard drug. Two-way ANOVA followgdonferroni post test. *P < 0.05, **P< 0.01, *P< 0.001 compared with control

group.

Table 3.Antinociceptive activity of Dalichandrone falcata fruitson acetic acid-induced writhingsin mice

Treatment Dose (mg/kg)  No. of writhings
Control - 52.5+7.14
DFFM 100 37.7£3.74*
DFFM 200 24.8+2.06**
DFFM 400 22.2+1.11*
DFFEA 100 39.5+2.57*
DFFEA 200 31.8+1.80*
DFFEA 400 29.5+1.52**
STD (Aspirin) 200 13.3+1.56**

Values represent mean + SEM, n=6. DFFM: Dolichamiizdalcata fruit methanol extract. DFFEA: Dolichaode falcata fruit ethyl acetate
extract. STD: Standard drug. One-way ANOVA followe®unnett's multiple comparison test.
*P < 0.05, *P< 0.01 compared with control group.

In the histamine-induced rat paw inflammation mod@FFM and DFFEA and the reference drug, diclofenac
sodium, significantly decreased the inflammatiomhat first hour after histamine injection. At thecend and third
hours, DFFM and DFFEA decreased the paw edema,lfiech the effect decreased slowly. In the latagas of
this model DFFM and DFFEA and the reference drugjpfénac sodium, showed anti-inflammatory activitihe
present results support the ethno-medical ude.fallcata fruits in the treatment of inflammatory diseasesttifter
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experimentation is needed to understand the precgsshanism of action of the anti-inflammatory aititag of the
extracts.

Table 4.Antinociceptive activity of Dolichandrone falcata fruitin hot plate test in mice

Treatment Dose (mg/kg Percentage pain inhibitiomiice

30 min 60 min 90 min 120 min
Control - 8.73+2.14 11.8+2.25 8.44+1.29 5.31+0.2
DFFM 100 21.341.99 | 50.445.24*  42.3+3.19*  36.582*
DFFM 200 30.842.78* | 59.2+3.29**  46.4+4.84*  41.@483**
DFFM 400 34.142.79*| 64.1+3.01*** 55.3+2.66** 51.197***
DFFEA 100 20.9+3.86 36.8+3.72* 26.8+2.24 21.8+B8
DFFEA 200 21.144.74 | 41.3+6.28**1  30.5+4.84*} 28.560**
DFFEA 400 34.543.70*%| 52.7+4.32*** 43.7+3.15**% 38+2.99***
STD (pentazocine 5 45.1+2.94*  72.7+2.88**  60.638*** | 57.5+3.80***

group.

Values represent mean + SEM, n = 6. DFFM: Dolicheomk falcata fruit methanol extract. DFFEA: Doliamdrone falcata fruit ethyl acetate
extract. STD: Standard drug. Two-way ANOVA follolgdonferroni post test. *P < 0.05, **P< 0.01, *P< 0.001 compared with control

Table 5.Antinociceptive activity of Dolichandrone falcata fruitsin tail flick test in mice

Treatment Dose (mg/kg) Percentage pain inhibitionmiice

30 min 60 min 90 min 120 min
Control - 9.27+1.04 11.1+1.07 13.1+1.95 13.4+0.557
DFFM 100 37.5£3.32* | 52.4+2.70** | 49.3+3.35*|  45.860**
DFFM 200 47.543.43**| 66.2+4.20***| 64.1+5.56*** 6248.91***
DFFM 400 46.1+3.82**| 72.6+2.88***| 68.5+3.65*** 644P.94***
DFFEA 100 18.8+3.06 34.2+3.26 30.3+2.71 24.7+3.32
DFFEA 200 26.0+3.77 41.2+3.95* 45.3+2.57* 36.6+3.84
DFFEA 400 47.4%2.70*|  68.2+2.49** 60.8+3.14** | 46+P.31*
STD (pentazocine] 5 43.8+1.42%F  79.0+2.78**  76.920*** | 74.8+2.75%**

Values represent mean + SEM, n = 6. DFFM: Dolicheomk falcata fruit methanol extract. DFFEA: Doliamdrone falcata fruit ethyl acetate
extract. STD: Standard drug. Two-way ANOVA follolgdonferroni post test. *P < 0.05, **P< 0.01, *P< 0.001 compared with control

group.
CONCLUSION

The present study demonstrated that DFFM and DFp&gsessed various potential pharmacological pregert
namely anti-inflammatory and antinociceptive adtdg. Phytochemical screening revealed the presearice
compounds such as flavonoids, tannins, glycosaled,steroids, which, it has been suggested, aetrgigtically to
produce the observed activities. Thus, the prestedy supports the folklore use Bffalcatafruits for the treatment
of various ailments, and the plant’s potential piacological activities merit further investigation.
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