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ABSTRACT

In previous general screening experiments was faupodtent spasmolytic effect in guinea-pig
ileum promoted by a furanoflavan-type flavonoid,3&tetramethoxy-(6,7,2”,3")-furanoflavan
named diplotropin, obtained from the stem-barkd ofichocarpus araripensis Benth., which
effect is due, in part, to the inhibition of €dnflux through voltage-dependent €ahannels.
This study demonstrates for the first time in themgistry literature a new furanoflavoquinone
derivative 5,6-dimethoxy-7-phenyl-6,7-dihydro-5Hef8,2-g]chromen-4,9-dione, codified as
DPTN-Sint. 1, obtained after chemoselectedation of natural prototype (diplotropin) and
evaluation of its biological activity in rat aortand uterus, guinea-pig ileum and trachea. The
new derivative present a selective spasmolytictetie guinea-pig trachea not found with the
prototype molecule.
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INTRODUCTION

Brazilian traditional medicine includes many plaftsthe treatment of different diseases. Plants
belonging to the Fabaceae family are among the e medicinal. Their main usage takes
place in the folk treatment of symptoms of rheusmafi arthritis, diabetes, intestinal cramps,
chronic diarrhea as well as respiratory compla[dis In addition to these usages, in some
Brazilian regionghe plants from the genli®nchocarpusre traditionally used for the treatment
of tumors, AIDS, headache, and skin diseases [2}edsas to relief of rheumatism, arthritis,
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diabetes, inflammations, gastritis, peptic ulcedt general wounds. This genus is represented by
approximately 100 species distributed in the trap&merica, Africa and the Caribbean Islands
[3]. Previous phytochemical investigations havevprbthatLonchocarpuss a rich source of
phenol compounds, including flavones, chalconesjofhols, flavans, flavanones and aurones

[4].

Lonchocarpus araripensiBenth. (Fabaceae) is a tree, 10-12 m tall, resttitdb the Caatinga
vegetation and is popularly known in NortheasterazB as “sucupira-preta”, where it is used in
folk medicine to treat symptoms of rheumatism, rtith and diabetes. The tree is widely
distributed in hot and dry areas of the statesaifi® Ceara and Rio Grande do Norte, Brazil.

Only few studies evaluating the therapeutic po#trdaf this specie have been performed. The
gastroprotective effect of a flavone isolated frons specie was demonstrated [5]. In a recent
study, our group demonstrated that triterpenoicedlipsolated from this specie attenuates the
alterations characteristics of allergic airway amfimation. The investigation of mechanisms of
action of this molecule may contribute for the depenent of new drugs for the treatment of

asthma [6].

The chemical examination of this specie resultedtha isolation of a furanoflavan-type

flavonoid, to which was given the trivial name @ipbpin. Diplotropin presents spasmolytic
activity on smooth muscles of guinea-pig ileum [Compounds with the pharmacological
profile of a smooth muscle relaxant have potentzlie for the treatment of diseases in which
smooth muscle becomes hyperreactive to agonists [8]

Diplotropin (1) is highly functionalized on rings A and C withHatve configuration (2,3rans
3,44rang)-3,4,5,8-tetramethoxy-(6,7,2”,3")-furanoflavaRuran moieties located at ring A in a
linear or angular position, i.e. linked to eithe6(C-7 or C-7/C-8, respectively, are a common
characteristic of the flavonoids exhibited by ptaat theLonchocarpusggenus [4].

OMe
H

OMe H OMe

D)

Fig. No. 1 Chemical structure of diplotropin

Pharmacological profile of its derivative on thepeatory, intestinal, uterine and circulatory
tract has been subject of evaluation. Based onquswbservations of the prototype diplotropin,
and also in the folk usage of plants from this gene therefore speculated that this compound
has the ability to inhibit smooth muscle contractio vitro, as observed for diplotropiri)(in
guinea-pig ileum smooth muscle [7], to confirm thygpothesis experimentally.

EXPERIMENTAL SECTION
Extraction and isolation

The crude ethanol extract (CEE) was obtained aguprib Almeida et al. [9]. The dried and
powdered stem-barks (10 kg)lofararipensiswere extracted with EtOH (95 %), yielding, 413 g
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of CEE. The CEE was suspended in MeOHOH3 : 7 v/v) and partitioned with hexane,
CHCI3;, AcOEt. The hexane extract (55.6 g) was dissoimgibt MeOH and left in a freezer for
24 h, yielding a yellow precipitate, which aftecrgstallization from hexane yielded)(

Derivatization reaction of diplotropin

Oxidative demethylation with ceric (IV) ammoniuntraie afforded the quinone compound after
an aqueous workup and extracton with methylenerid@an experimental modified by Reed
and Moore [10]. To a 8C 50 mg (0.135 mmol) of diplotropihin 2 ml of acetonitrile and 1 ml
of water was added a solution of 0.162 g of cdNg &ammonium nitrate in 1 ml of water. After
TLC inspection (1-2 h at ¥C), the mixture was partitioned between 10 ml ofawvand 20 ml of
methylene chloride. The aqueous layer was extrastez with 20 ml of methylene chloride,
and the combined organic layers were washed witmll0f water, dried over magnesium
sulfate, and the solvents were removed under redpcessureto give the compound2,
codified as DPTN-Sint 1.

CAN/CH3CN _
0°C,12h

OMe H OMe

(1)

Fig. No 2 Derivatization reaction of diplotropin (2)

(2,34rans-3,44rans)-3,4,5,8-tetramethoxy-(6,7,2",3")-furanoflavan (1)
Yellow crystals, melting point 114-1P8; IR,max (KBr): 1300, 1285, 1271 and 1250 ¢ntH
NMR (CDClk, 200 MHz) and*C NMR (CDCE, 50 MHz) (Table 1).

5,6-dimethoxy-7-phenyl-6,7-dihydro-5H-furo[3,2-g]clmomen-4,9-dione (2)

Obtained in 56.6 % as orange amorphous solid, mgelioint 90-92C; IRymax (KBr): 1226,
1272, 1659 and 1688 ¢m'H NMR (CDCk, 200 MHz) and*C NMR (CDCE, 50 MHz) (Table
1).

General Procedures

Melting points were determine on a REICHERT, moB&279 “Kofler” apparatus, with a
temperature range of 0 to 38D and are uncorrectedd NMR (200 MHz) and“*C NMR
(50 MHz) were recorded at room temperature with aiah Mercury 200 spectrometer. The
spectra were recorded in CRCand the solvent signals (7.24 and 77.00 ppm ectsely) were
used as reference. The chemical shifjsate given in ppm, and the coupling consthint Hz.

Animals

Adult guinea-pigs of both sexe€dvia porcellus 300-500 g), male and female Wistar rats
(Rattus norvegicus 200-350 g) obtained from the Thomas George Byptémboratorio de
Tecnologia Farmacéutica of the Universidade Fed#adParaiba, were used. The animals were
submitted the following conditions: 12-h light:12drk cycle (lights on: 06:00-18:00 h), filtered
conditioned air, 23 2 °C, 50-70 % humidity, sterilized bed and fedmwurin& pellets and
drinking sterilized waterd libitum were used. All sets of experiments were carriedimuhe
period of 07:00-14:00 h.
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Table No 1.*H NMR (200 MHz) and **C NMR (50 MHz) data for (1) and (2) in CDC} as solvent. Chemical
shifts (8) in ppm and coupling constants J) in Hz.

&)

C
5 147.16 - 169.05
6 113.62 - 129.68
7 148.38 - 149.46
8 129.48 - 180.70
9 144.84 - 153.50
10 110.88 - 116.68
1 138.66 - 135.43
CH
2 80.35 4.79d, J=6.4) 78.26 5.550( J=3.6)
3 82.71 3.66dd, J=6.4 e 4.4) 79.80 3.93,0= 4.0)
4 74.35 4.55d, J=4.4) 70.06 4.41dd, J=4.0 e 1.6)
26 12.43 7.30 1) 125.54 7.2710)
3,5 128.08 7.301) 128.27 7.276)
& 127.60 7.3010) 127.92 7.276)
2" 143.39 7.254, J=2.4) 149.02 7.704 J=2.0)
3" 104.71 6.614¢, J=2.4) 108.53 6.84d( J=2.0)
CHs
MeO-3 58.25 3.264 58.14 3.249)
MeO-4 56.67 3.324 57.92 3.389)
MeO-5 60.49 3.819 - -
MeO-8 61.27 3.7949

Animal handling and procedures were performed atiogrto international guidelines for the
use and care of laboratory animals (National Reke&ouncil, 1996). The experimental
procedure was evaluated and approved by the Etbmen@ttee in Animal Research (CEPA) of
Universidade Federal da Paraiba (protocol CEPAADB08/05).

Drugs and reagents

Carbamylcholine chloride (carbachol), acetylcholirghloride, arachdonic acid (AA),
phenylephrine L (-) hydrochloride and cremophorevpurchased from Sigma-Aldrich Co. (St.
Louis, MO, USA). All salts for the organ bath saduits and reagents were purchased from Vetec
(Rio de Janeiro, RJ, Brazil). Stock-solutions otla® chemicals were prepared in distilled water,
except for ) that were dissolved in cremophor. All stock-sming were stored at -20 °C, and
the dilutions were made fresh on the day of theeerpent.

Study of spasmolytic activity of (2)
Tissue preparation

Rat Aorta

Male Wistar rats (250-350 g) were killed by sturmmniand bleeding, their thoracic aorta was
quickly removed and placed in Krebs’ solution witte following composition (mM): NaCl
(118), KCI (4.6), MgSQ@ 7H,O (5.7), NaHPO, H,O (1.1), Cadl (2.5), NaHCQ (25), glucose
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(11) with pH adjusted to 7.4 with 1 M HCI solutiomhich was continuously bubbled with & O
95 % and CQ5 % gas mixture. Fat and connective tissues, sodiag the aorta, were removed
carefully, and the aorta was cut into rings (3-4 fength). The endothelium was removed from
some rings when necessary, by gently insertingt@mmtahread through the lumen of the rings.
This treatment does not reduce the reactivity odatim muscle [11]. The aortic rings were then
suspended between two stainless steel wires iganothambers containing 6 ml of Krebs’
solution. One of the wires was anchored in the mrgfaamber and the other was connected to
a force-displacement transducer (Model 7003, Ugsil8altaly). Isometric tensions of arterial
tissues were recorded on a polygraph. The remdvahadothelium was functionally verified by
the lack of relaxant response to acetylcholinguN) in aortic rings precontracted with
phenylephrine (M) [12].

Effect of (2) on the tonic contractions induced Iphenylephrine in the presence or absence of
endothelium

Two submaximal tonic responses to phenylephringM}), which stabilized in 12-15 minutes,
were obtained initially. Acetylcholine (IM) was added to the preparations during the tonic
phase of the second response to check the prestimtact endothelium. During the tonic phase
of a third response to phenylephrine, aBdwas added cumulatively in an attempt to obtain a
concentration-inhibition curve, in the presencealesence of functional endothelium. Relaxation
obtained as the reverse of initial contractionid by phenylephrine (M), was expressed
percentually.

Rat Uterus

Virgin female Wistar rats (200-280 g) estrogenized with 1 mg/kg of estradiol benzoate were
used. The animals were killed by decapitation 2fthr injection and both uterine horns were
extracted and cleaned of adherences. The longaldinps, approximately 2-3 cm, were placed
vertically in 6-ml isolated organ baths containibgcke Ringer solution with the following
composition (mM): NaCl (154), KCI (5.63), Ca(Rr.16), MgC} (2.10), NaHCQ (5.95) and
glucose (5.55). In the same way, Locke Ringer smiwvas used without calcium and bubbled
continuously with a @95 % and C@5 % gas mixture and maintained at 32 °C. The pHd wa
adjusted to 7.4 with HCI 1 N. Each uterine horn walsjected to a resting tension of 1 g and was
allowed to equilibrate for at least 30-45 min beftiie drugs were added to the organ baths. The
phasic contractions were recorded using isotonierte coupled to kymographs and smoked
drums (DTF, Brazil).

Effect of (2)on the phasic contractions induced by oxytocin @rlbachol in the rat uterus

Strips from non-pregnant and estrogenized rat stemere contracted with 10 miU/ml of
oxytocin or 10 uM carbachol and after 10 min. framshout a new contraction was elicited by
each one of the agonists and the mean of this twdractions was considered as control
(100 %). Before a third contractior2)((10° - 3 x 10" M) was pre-incubated for 10 min. in a
single concentration per organ-bath. The inhibitwes measured by comparing the response
before and after addition of each agonist in thes@nce of2). The drugs were subsequently
washed-out and we observed the recovery from ottidres elicited by each drug. In another set
of experiments, the uterine strips were treateth witrresponding volume of the vehicle used in
the preparation o2 solution.

Guinea-Pig lleum

To performin vitro studies, the guinea-pig ileum was prepared acegrth Daniel et al. [13].
Guinea-pigs (300-500 g) were Kkilled by cervicallatistion, exsanguinated and the ileum was
immediately removed. The terminal portions, 3 cmgtl, were used after discarding the 10 cm
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portion close to the ileocaecal junction. The t&sswere placed vertically in 6 ml isolated organ
baths containing modified Krebs’ solution with tf@lowing composition (mM): NaCl (117),
KCI (4.7), CaC} (2.5), MgSQ (1.3), NaHPO, (1.2), NaHCQ (25), glucose (11), bubbled with a
0, 95 % and CQ@5 % gas mixture and maintained at°® pH 7.4. Tension changes were
recorded through an isometric force transducer IyOfounterbalanced by 1 g loading,
connected to a polygraph (Gemini 7070), both frogo Basile (Italy). Phasic contractions were
recorded using isotonic levers coupled to kymogsaphd smoked drums (DTF, Brazil). The
tissues were allowed to stabilize for 30 min. aesting tension of 1 g. During the stabilization
period the modified Krebs solution was changed yVvEd min. to avoid accumulation of
metabolites [14].

Effect of (2) on histamine- or acetylcholine-indudecontractions in the guinea-pig ileum

At the beginning of each experiment, the reactiatytissue preparations was tested with KCI
40 mM. After washout and 15 min.-recovery in maalifi Krebs solution, two simple
concentration-response curves were obtained fdrerihistamine or acetylcholine (M).
Various concentrations oR) were added and after an incubation period of 15;nanthird
concentration-response curve was constructed irptbsence of?). The tissue was washed
when the agonist responses returned to the reletved) Inhibition was measured by comparing
the response before (100 %) and after additio)ah(the organ bath. I§5 values were obtained
graphically from simple concentration-response esirv

Guinea-Pig Trachea

Guinea-pigs of both sexes (300-500 g), were Kitlgatervical dislocation, the abdomen opened
and the trachea was quickly removed and dissecesddf adhering fat and connective tissue.
From every trachea, four rings containing thredotar cartilaginous segments were obtained.
Each tracheal ring was hung between two hooks tedento the lumen, and placed in a 6 ml
organ bath containing Krebs’ solution with the dgling composition (mM): NaCl (118), KCI
(4.6), CaC{ (2.5), MgSQ (5.7), NaHCQ (25), KH,PO, (1.1), glucose (11), which was
maintained at pH 7.4, 37 °C and bubbled with,e08® % and C@5 % gas mixture. The tracheal
preparations were allowed to stabilize for 60 naina resting tension of 1 g basal tension. At the
beginning of each experiment, 60 mM KC| was addee time to evaluate the viability of the
tissue. The KCI contraction was taken into accdanhormalization of all subsequent responses
to the different agonists. After washout and 30.metovery in Krebs solution, contractions
were evoked by adding carbachol f1@). The integrity of the functional epithelium will be
verified by the addition of arachidonic acid (A&)the organ bath in the concentration of M
[15] during the tonic phase of the first contractiésponse induced by 4 carbachol, tracheal
rings that obtain superior relaxations to 50 %rélation to force of initial contraction) they will
be considered with epithelium. Tracheal rings withepithelium will be obtained through the
removal of the same by attrition of the trachealém surface with a cotton swab moistened with
Krebs solution. The removal of the epithelium via# confirmed by the addition of AA to the
organ bath, the absence of functional epitheliuns wanfirmed by absence of AA-induced
relaxation. This treatment does not reduce thetixggcof smooth muscle [11]lsometric
contractions were measured by a force transdu€@R{F10) coupled to an amplifier (TMB4M),
both from World Precision Instruments (Sarasotg, BF&A) connected to a A/D converter into a
PC running Biomed software v.Rv2 (BioData, Brazil).

Effect of (2) (10° — 3 x 10* M) on the contractions induced by carbachol in thpgesence or
absence of functional epithelium

After the resting period, the tracheal rings weenmtracted with carbachol (fov) and the
isometric tension was recorded. When a stable aditn was attained (15-20 min.) AA (10
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* M) was added to the organ bath to confirm the ares or absence of functional epithelium
according to method described above. In a secombachol-induced stable contraction,
cumulative-concentrations of)( (10°— 3 x 10* M) were added to the organ bath. In each
preparation, a single concentration-relaxation ewras obtained. The relaxant effect induced by
(2) was expressed as the reverse percentage ofl ioatmraction force elicited by carbachol
(100 % when baseline was reached) in tracheal viidpsand without functional epithelium.

Statistical analysis

All the data are expressed as the me&E.M. and “n” refers to the number of animalsduse
each set of experiments. Statistical analyses weréormed using the software Graph-Pad
Prisn?’ 4.0 (GraphPad Software Inc., San Diego CA). Thecentration that produced a half-
maximal response (k&g was determined by non-linear regression from eotration-response
curves. Differences between the means were statigticompared using Student’s test “t” and
these differences were considered significant whealues weres 0.05.

RESULTS AND DISCUSSION

The IR spectrum of2) showed absorptions at 1659 and 1688 attributed to carbonyl groups.
The remaining two methoxyl groups on downfield &83anhd 3.38 ppm) after oxidation of the
1,4-dimethoxylated system of diplotropin in th&NMR spectrum confirms the remotion of this
group. The formation of the quinone nucleus2ashould be evidenced by signals at 169.05 and
180.70 ppm it°*C-NMR spectrum, characteristic of absorption obearyl group in this class of
compounds, as well as by the chemical shift oftthe hydrogens H-2” (7.70 ppm) and H-3”
(6.84 ppm), downfield showed in th#-NMR spectrum, owing to withdrawing effect of
electrons of two groups carbonyl, when comparedl #ie parent compound diplotropit).(The
relative stereochemistry of) was determined from the coupling constants revealedH
signhals corresponding to H-2, H-3 and H-4 (Tableaddl by NOE effects observed iH-'H-
NOESY spectrum. All data showed are consistent thighproposed structu(@) (Figure 2). For
more details, see table 1.

After the oxidation reaction described above starting fronturah prototype diplotropin and
obtaining of the new derivative, codified a®),(the proposed experimental protocols were
executed and we observed thaj (3 x 10°, 10* and 3 x 1d M) in the same way that the
diplotropin (1) don't promote relaxation of the isolated rat aarnt the presence or absence of
endothelium but interestingly, unlike the naturabtptype, compound (2) does not present
spasmolytic activity in guinea-pig ileum and ragmuis (data not shown). In all experimeng,i{
was maintained in contact with the tissue for aiqgoerof 15 min. among each added
concentration in the isolated organ bath.

According to thein vitro results obtained (Fig. 3 and 4), the quinone d#kre @) show
satisfying spasmolytic activity in guinea pig traehbecause2) (10° to 3 x 10* M) relaxed the
tracheal rings pre-contracted with carbachol®(M) in a concentration-dependent manner in the
presence (E&=4,2+0,6x 10M) and absence (Eg=2,7+0,4x10M) of functional
epithelium (Fig. 3 and 4) without statistical siggance between this values. In all experiments,
the relaxant effect o) was reversible after 30 minutes washout with Kreblution.
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Fig. No 3 Effect of different concentrations of2) on the 10° M carbachol-induced tonic contractions in
guinea-pig trachea with () and without (H) functional epithelium.
The symbols and vertical bars shown on the figemresent the means and S.E.M. for 4 experimentsv@uy
ANOVA followed by Bonferroni's test. Significarffefiences are indicated bp < 0.05 (with x without epithelium)

In a previous study Lima et al. [7] showed that the haféavan-type flavonoid diplotropinl
presents a non-selective spasmolytic activity ofai®d guinea-pig ileum and rat uterus. Based
on these results, we decided to modify the moleatlaicture of diplotropin and to carry out a
study of the relationship between the structuradification and the effect of the synthetic
derivative in different models of smooth muscleke3e preliminary achievements point us to
oxidize the aromatic 1,4-dimethoxy moiety of compoyl) to the quinone nucleus present in
the compound2) by a straightforward chemoselective proceduré WiAN [10].

AA (104 M) [DPTN-Sint. 1] (10° -3 x 10 M)

09g
8.5 min.
TCCh(10° M) T CCh (10 M)
AA (107 M) " 3 n.and
1 . [DPTN.Sl.nt. 1 ;10 3§10 w

129

8.2 min

TCCh(10% M) TCCh(10% M)

Fig. No 4 Typical tracings showing the effect of {210° to 3 x 10* M) on guinea-pig trachea pre-
contracted with carbachol (10° M) in the presence (A) and absence (B) of functiah epithelium
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In summary, we have reported on the synthesis @lddical evaluation of a novel quinone
derivative (2). This compound is described here for the firstetim chemistry literature. The
results of the biological evaluation showed tfthad a selective relaxant effect on guinea-pig
trachea pre-contracted with carbachol {M) independently of the presence functional
epithelium (Fig. 3, 4a and 4b). However it doegmésent relaxing effect in the other tested
organs, unlike previously observed with his prgbetydiplotropin, including the pre-contracted
with carbachol (18 M) in the presence and the absence of functiomdthaium and
spontaneous tonus of guinea-pig trachea (Fig. ban8 5c).

[diplotropin] m:

AA (10 M) 3x10° g0
1 s 1 3x10*  \wash
//* \f\_—i",\h%
Wash f |
‘|: |n.25 g '
' 9.5 min. \ﬁ
B
T cCh (10 M) T cCh (10 M)
[diplotropin] m:
A& (10 M) p_s Wf
| | o ¥ e | binks i - o
0329
10.0 min.

Tcch{10®M) T CCh{10® M)
Fig. No 5 Typical tracings showing the effect of giotropin (3 x 10°, 10* and 3 x 106" M) on spontaneous
tonus (A) and pre-contracted guinea-pig trachea wit carbachol (10° M) in the presence (B) and absence (C)
of functional epithelium

Before observed, the introduction of tipginone group in4) result in a significant modification
in the selectivity of this derivative in relatio tthe natural productBecause carbachol
contractile responses are largely dependent omeettular C4', our results suggested tha) (
might be acting as a partial blocker of’Cflux of extracellular medium. Thus, more studies
are necessary to confirm this hypothesis and tofgldne mechanisms underlyin@)(exerts his
relaxant effect.
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