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Abstract:

Extracts from leaves and stem bark of Peschieravan heurkii (Muell. Arg.) L.

Allorge (syn. Tabernaemontana van heurkii Muell. Arg., Apocynaceae) have

been assayed for antileishmanial and antibacterial activities. The activities were

concentrated in the alkaloid fractions which yielded 20 indole and bis-indole

alkaloids. The strongest leishmanicidal and antibacterial activities were

observed with the dimer alkaloids conodurine (1), N-demethyl - conodurine

(=gabunine) (2), and conoduramine (3). Weak toxicity towards macrophage

host cells and strong activity against the intracellular amastigote form of

leishmania were observed for compounds (1) and (2). Invivo, (L) was less

active than glucantime (= N- met§lglucamine antimonate), the drug of

reference, while (2) was devoid of activity at 100 mg/kg.
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Introduction

An antileishmanian screening of medicinal plants used in Bolivia (1) showed

that aqueous alcoholic extracts from Peschieravan heurkii (Muell. Arg.) L.

Allorge, gave invitro activity against l¿ishmania spp. The antiparasitic

activity was concentrated in the alkaloid fractions. Since to the best of our

knowledge, no previous chemical work has been published on the species, we

report here on the isolation and structural elucidation of the alkaloids and on

their leishmanicidal and antibacterial activities.
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Materials and methods

Determination of leishmanicidal activity

Parasite: I¿ishmanin amazonensis strain MHOIvI/GF/&I/CAY H-L42 was

originally isolated in the French Guyana Institut Pasteur. Inishmania

braziliensis strain MHOIU/BRI7 stM 2903 and kishmnnia donovani clwgasi

strain MHOIVffBFJT4IPWS were obtained from IBBA, a WHO reference

laboratory; identifications were controled by isoenzyme analysis.

In vitro test procedure on promastigote culture of /e¿sl¿z¿ni¿ spp.

Compounds were aseptically dissolved in liquid medium and DMSO (final

concentration of DMSO less than O.L%o) and placed in microcells Titertek 96

(Flow l.aboratories) to obtain final concentrations of 100, 50, 25, L2.5 pg/ml.

All assays were done in triplicate. Each cell was culttued with 50000 parasites

at27"C. The activity of the compounds was evaluated after 72hrs by optical

observation on a drop of culture with an inverted phase microscope, by

comparison with control cells (without extracts) and with pentamidine

containing cells (2).

In vitro test procedure on the amastigote forms

Mouse peritoneal macrophages were obtained according to the procedure

already described by Sauvain et al. (3). One million non-inflarnmatory

macrophages were collected from each BALB/c mouse. The adherent cells

were cultured at37"C under 5Vo COZ during two hours, then the plates were

washed with RPMl+buffer (MOPS-Sigma, USA), without FCS to eliminare

Culture and maintenance of the leishmania



non adherent cells. The supernatant was replaced by O.5rnl/well of fresh

medium RPMI+glutamine+FCS+ antibiotics before infection by L.

amozonensís amastigotes at a ratio of infecting organism to host cell of 5:1.

Infection took place at34"C during a minimum of 2 hours, and the compounds

were added to the culture maintained at37"C under 57o COZforZ4 hours. The

medium was then renewed and the cells left to incubate for another 24 hours

before fixation. Plates were fixed with methanol and stained with lOTo Giemsa's

stain (Specia, France). They were set up with Eukitt Resin (CML, France).

Macrophages with and without parasites were counted under X q
magnification. For each triplicate assay, the survival index (SI) of amastigoües

was calculated relative to the control.

Eight weeks old female mice BALB/c, 18-209, n=8 for each random group,

(Charles Rivers Ltd, Margate, UK) were infected with 2.5.105 amastigotes of

L. amazonensis (LY79 strains) in the posterior feet (4). Treatment started2

weeks after infection by a single intralesional injection. Growth of cutaneous

lesions of the mice was calculated for 8 consecutive weeks, by measuring the

diameter of the infected feet with a vernier caliper (Kroelin 10DI00T6) at

weekly intervals. Results were compared with those obtained with glucantime.

technique (5)

In vivo test procedure

The following strains were used as test organisms: Staphylo - coccus aureus

ATCC 6538, Bacillus subtilis ATCC 6É,33 , trfycobacterium smegmatis

CNCM 7326, Escherichia coli CIP Yln andPseudomonas aeruginosa.
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S. aureus, E. coli and P, aeruginosawere subcultured in beef extracts, peptone

and NaCl broth at37"C for 18 hours. B. subtilis and M. smegmatis were

subcultured on agar test plates with serum at 37oC for 48 hours.

Culture of microoreanisms :

-

Each alkaloid was dissolved in a citrate-phosphate buffer (pH 7.0) which was

used as control. Portions of 5ml of medium warmed at 45"C, were inoculated

with the test organisms (final density 0.4 at 260 nm) and transferred into Petri

dishes. (A=9qri containing 12 ml of medium. In all test plates 5 holes

(@=Lcm) were made, into each of which 0.2, 0.L5, 0.10, or 0.05 ml

(corresponding to 80 pg, 60 pg,4O pg, 20 pg) of the test solution was pipetted.

Plates were then incubatd, at37oc. Diameters of inhibition were measured and

each product was tested against each microorganism in triplicate.

Streptomycine (10p8) was used as a control of the growth and as a reference for

antibiotic activity. The inhibition zones given in Table 4 are the averages of the

results of these tlree experiments.

Plant material

Plant material was collected in Bolivia by one of us (CIO, in the tropical rain

forest of Chapare. Voucher specimens (Moretti L455) are deposited in the

National Herbarium of I-a Paz, Bolivia. The botanical collections were

identified by L.Allorge (Museum National d'Histoire Naturelle, Paris).

Extraction and isolation.

From the powdered defatted leaves (980 g) and stem bark (480 g), alkaloids

were displaced from their salt by means of a 10 7o (vlv) ammonia solution (588

and 288 ml respectively) and extracted whith ethyl acetate (2o añz1|

Test plates
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respectively).They were then separated from neutral compounds by extraction

with2Vo aqueous sulfuric acid (five times, 6 and 9 l). Neutralization of the

aqueous phase and extraction with chloroform yielded crude dried (with

NaZSO+) alkaloid mixture with the following yields : L2.2 g/kg (leaves),

36.a glkg (stem bark).

The alkaloids mixtures 8g (leaves) and 18g (stem bark) were fractionated

respectively by silica gel (70 - 230 mesh) column chromatography over 240 g

(@ column 4O mm, 50 ml fractions) or 540 I (O column 50 mrru 100 ml

fractions), eluted with CHCI3 and CHCIg/lvfeOH mixtures of increasing

polarity followed by pure MeOH.

The leaves afforded coronaridine (solvent CHCIa/IvfeOH, 99 : 1), apodine and

coronaridine hydroxyindolenine (CHCI3/MeOH, 98 :2), and hedrantherine

(CHCla/lvIeOH, 95 :). The stem bark, afforded coronaridine (CHCI3/IvIeOH,

99 :1); elution with (CHCl¡/IvfeOH, 98 :2) gave N(") methylpericyclivine,

conodurine (1), vobasine, conoduramine (3), perivine, gabunine Q) and 16

epiaffinine. More polar fractions with CHCIg/lvIeOH, 80 : 2O to 50 :50 gave

accedinisine (4) and normacusine B, and N'-demet§laccedinisine (5).

Centrifugal TLC was carried out on a chromatotron apparatus (Hanison

Research) on silica gel PF 254 (4mmthickness, elution with CHCI3 and

CHCIg/IvIeOH ).

Final purification of the alkaloids was performed by TLC on silica gel plates

(Whatmann K6F, 0.5 mm thick) using CHCI¡/IvIeOH, 9Í3:2, CHCIg/MeOH,

90 : 10, or CHCI3/IVIeOH/NH4OH, 85 :15 : 1 as eluent.

Characterisation of the alkaloids:

Fiftteen indole and bis-indole alkaloids were identified by comparison of their

physical and spectral data with literature data, and by direct comparison with

authentic samples. They are listed in the Table 1. Four other compounds were
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separated into small quantities to elucidate their chemical structure. Structure of

compound (5) N'- demethylaccedinisine was established by means of chemical

correlation with (0 .

The novel isolation of (1), (2), (3), and (a) has provided the opportunity to

complete the literature data, by means of 2D NMR experiments; 1H,13C wtttR

were recorded in CDCI3 at 300 arñ75 MHz respectively.

Conodurine (1) (8). lH NMR :7.?3 (d, J = 8Hz,H-9),7.10 (m, H-10', H-l1',

H-12'),6.82 (d, J = 8 Hz, H-10), 5.31 (m, H-3', H-19'), 3.97 (s, OMe), 3.70

(s, COO Me), 2.& (s, NMe'), 2.51 (s,COOMe'), I.67 (d, J =7 Hz, H-18'), 0.84

(t, H-18). 13C XtvlR, see Table 5.

Gabunine = N'-demet§lconodurine (2) (8). lH tUlm. :7.25 (d, J = 8.4H2,

H-9), 7.10 (m, H-10', H-l1', H-12'),6.82 (d, J = 8.4 Hz, H-10) , 5.40 (q, H-19')

5.30 (dd, J = 1 I Hz, J' = 2 Hz, H-3'), 3.98 (s, OMe), 3.71 (s, COOMe) ,2.56 (s,

COOMe'), 1.68 (d, J = '7.OHz,H-1S'), 0.81 (t, H-18). 13C NIvR, r""
Table 5.

Conodüramine (3) (8). lH ftW. :7.54(rn, H-9'),7.LL -7.02(m, H-10',

H-l1', H-L2'),6.90 (s, H-9), 6.80 (s, H-L2),5.35 (q, J =7 Hz,H-L9'), 5.13 (M,

J = 10 Hz, H-3'), 3.95 (s, OMe), 3.65 (s, COOMe),2.62 (s, NMe'),2.45

(s,COOMe'),|.G (d, J = 7 Hz, H-18'), 1.50 (m, H-19), 0.87 (t, J ='7 }Jz,

H-18). 13C XV'R, see Table 5.
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Accedinisine (4) (1+¡ .1¡1 NMR :7 .A (rn" H-9') ,'7.35 (d, J = 8 Hz, H-9), 7 .20 -

7.00 (rrU H-10', H-l 1' ,H-L2,H-12'),6.95 (d, J = 8 Hz,H-L1), 5.4O -5.35 (rn"

H-19,H-19'),4.8 (d, J = 10 Hz, H-3'), 4.15 (d, J = 8 Hz, H-3), 4.05 (rrU H-5'),

3.57 (s, NlMe),3.30 (m, H-6'), 2.60 (N4'Me), 2.50 (s,COOMe), 1.70 (m, H-

L8, H-18'). 13C NMR, see Table 5.

N' -demethylaccedinisine (5)

Grey then yellow with Ceric-spray. TLC(Sitica gel), CHCI¡/CH¡OII/i.III4OH,

85:15:0.1, R¡ 0.11. UV )r MeOH rux nm (log e ) : ?30($.ñ),2f,7(4.20),

294<4.16). [a] O -'72"(c0.5, CHCI3). IR v CHCI3 ** 
"ro-1 

:3450-L725.

lH XUR: l.il (or,H-g'), 7 .20-6.90 (rn" six aromatics), 5.38 - 5.30 (m, H-19,

H-L9'), 4.67 (d, J = 9Hz, H-3'), 4.18 (d, J = SH4 H-3), 4.05 (m, H-5'), 3.57

(s, NlMe),2.43 (s, COOMe'), 1.65 (m, H-18, H-18'). Met§lation with

formaldehyde/ NaBH¿ (15) yielded accedinisine (4) (fLC, lH fVm. and EIMS

identical).

Results and discussion

Fractionation of the alkaloid content lead to isolation of 20 alkaloids fiom the

leaves and stem bark. Fifteen of them are known compounds. To the best of our

knowledgo, N'-demethylaccedinisine (5) was isolated for the first time from

plants. The leishmanicidal activity of alkaloids on promastigote forms of

I¿ishmania atnazonensis (L. a.) and L. braziliensís (2,. b.) are reported in

Table 2.The most potent compound was N-demethyl-conodurine (2) which

remained active against L.b.at 10 ¡r,g/ml. Conodurine (1) and conoduramine (3)

showed moderate activity. Apodine and accedinisine (4) were devoid of activity

at 50 pg/ml.
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Their activities on amastigote forms of L.a. are shown in Table 3, and compared

with their toxicity on normal macrophages. The alkaloids tested had no toxic

effercts on macrophage host cells.

Conodurine (1) showed an SI of.4'77o at 100 pglml. Gabunine (2) exhibited a

strong activity with an SI of 3Vo at251t glfifl. At this dose, glucantime was

inactive.

The effect of glucantime and of conodurine (1) on the develppment of

L. amazonensis lesions in BALB/c mice is presented in Fig. 1.

Compound (1) had little effect on cutaneous lesions, compared with glucantime.

Increasing the doses of conodurine (L) to 200 mg/kg gave rise to a strong

cutaneous toxicity (mutilation). Gabunine (2) was devoid of activity at

100 mg/kg.

Conodurine (1) and conoduramine (3) were the most active against gram-

positive and gram-negative microorganisms (fable 4). Gabunine (2) and

accedinisine (4) are lightly active against B. subtilis.

The strongest leishmanicidal and antibacterial activities were observed with

"dimeric" alkaloids composed of vobasine and isovoacangineJike units (1) and

(3)l or affinisine-vobasine units (4). Antiparasitic activity of other indole

alkaloids have been reported: Vinblastine (VLB) and olivacine are active in

vitro against Trypanosonru cruz, (16). VLB acts as a microtubule formation

inhibitor and displays a strong antineoplastic effect (16); its cytotoxicities on

mammalian cells reduce their antiparasitic values. Conodurine (1) and gabunine

(2) were also shown to be cytotoxic (L7).Interestingly, our results shown that

(1), (2) and conoduramine (3) displayed a weak toxicity towards macrophage

host cells, associated with a strong activity against the intracellular parasite

cells. Suppression of more than9[)Vo of amastigotes was achieved with

gabunine (2) at the concentration of 3 pg/ml with no damage to macrophages.

These alkaloids showed a good selective toxicity against parasites. However,
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the in vívo study showed that conodurine ( l)was less active than the drug of

reference. Toxic effects rapidly appeared with increasing doses. It has been

shown that olivacine also failed to prevent infection of mice with 7" cruzi

trypomastigotes (16). It s@ms that inactivation of gabunine (2), which was very

active invitro on the intracellula¡ amastigote forn¡ might occur in the host.

Acknowledgments:

This work was supported in part by a grant from the International Foundation of

Science. It was performed in the framework of the "Medicinal Plants of

Chapare Region" project undertaken by ORSTOM and the San Simon

University of Cochabamba, Bolivia.

10



REFERENCES:

Deharo, E., Moretti, C., Muñoz, V., Sauvain, M. and Ruiz,

E. (1992) S.T.P. Pharma. 2,189

(2): Massiot, G., Thépénier, P., Jacquier, MJ., Ir Men-Olivier, L.

and De1aude, C. (L992) Phytochemis§. 3,2867

(3): Fournet,A., Angelo, A., Muñoz,Y., Roblot, F.,

Hocquemiller, R. and Cavé, A. (1992) - J. Ethnopharm.

(4) : Sauvain,M., .Dedet, J.P., Kunesch N., Poisson J., Gayral P.,

Gantier J.C., and Kunesch, G. (1993), Phytother. Res. 7, L67.

( 5): Trotter, E.R., Peters W. and Robinson, B.L. (1980). Ann. Trop.

Med. Hyg. 74,127.

(6): Caron, C., Hoizey, M.J., Le Men-Olivier, L., Massiot, G.,

Zéches, M., Choisy C., I* Magrex E. and Verpoorte, R.( 1988)

Plant¿ Med. 409.

(7)z Kingston, D.G.I., Bemard T.L.I. and Ionescu F. (L977) J. Pharm.

Sc.66,1135

37, L59

(8): Achenbach, H., Scheller, 8., (1976) Chem..Ber. 109 35n

(9): Sondengam, B.L., Hentchya Hémo, J. and Charles G.

(L973) Tetrahedron Lett. 261-263

11



(10): Wright, C.W., and Phillipson, J.D. (1990) Phytother. Res.

4, Ln

Acknowledgments:

This work was suppofted in part by a grant from the Intemational

Foundation of §zlence. It was performed in the framework of the

"Medicinal

ORS and the San Simon University of Cochabamba, Bolivia.

ts of Chapare Region" project undertaken by

T2



Table 1 :

Alkaloids isolated from le¿ves and stem bark of Peschiera van heurkii

Alkaloids

affinisine

nonn¿pusine B

N(a)meüyl pericyclivine

perivine

lGepi affinine

vobasine

vobasinol

coronaridine

Stem

bark (t)

coronari di ne hydroxyi ndol enine

@odine

hedrmtherine

3Vo

Trc

conodurine (1)

l%o

eabunine @)

(a)

0.5 Vo

IJV

conodr¡ramine (3)

+

0.5 Vo

accedinisine (4)

IR

+

2Vo

+

57o

Irl'-demethylaccedinisine (O

14 Vo

MS

+

(1) : Percentage of the total alkaloidal content. : (a) direct comparison with authentic sa

L%o

+

0.5 Vo

+

2Vo

1¡¡

NMR

+

37o

0.5 Vo

+

+

+

+

+

13c

NMR

+

+

+

+

+

+

+

+

+

+

27o

Re[.

+

+

+

+

lVo

+

+

+

(10)

6Vo

+

+

+

+

+

(10)

3Vo

+

+

+

+

+

0.5 Vo

(1 1)

+

+

+

+

+

+

(o

+

+

(,,2)

+

+

+

(o

+

+

+

+

fl3)

+

+

+

+

(o

+

+

+

(14)

+

+

(1,

+

+

+

+

(16)

+

+

(o

+

+

(o

(o

(7)



Table 2:

In vitro activity of alkaloids on various strains of promastigote forms of
I¿ishmania spp.

Dmgs (1)

conodt¡rine

gabunine

Strains(2)

conoduramine

rcedinisine

IJ-r42

29IJ.

Concentrations

Eelml (3)

Id,-142

29(I}

ryodine

50 25 12,5 10

ste,m. bark (Alk.extr.)

0

++

IJ.\42

29ü3

ste,m, bark (Alk. ct )

++

+++

0

0

H-142

29.üJ.

leaves (Alk ct )

0

+++

+

++

0

0

Id,-142

29Ij-

0

0

pentmidine

0

+

0

+

IJ,-142

29Id-

(1): (alk. extr.): alcoholic extracts ; (atk. ct.): alkaloid content.

Q): H-L42: Leishmania amazonensis strain.

29O3: Leishmania brazilicnsis shain.
(3): 0: promastigotes identical to control.

+: about 75Vo promastigotes, with a few degenerative forms.
++: about SOVo promastigotes, with degenerative forms.
+++: 0 promastigotes.

0

0

}I-t42

29Jd.

+

++

H,-142

29Jd.

++

+++

II-r42

PP75

29Jd.

++

+++

+++

+++

+++



Table 3:

In vitro activity of alkaloids on L. amazonensis amastigotes compared
with their toxicity towards macrophages.

Alkaloids

conoduine

Concentrations

1¡g

conodr¡ramine

lml

100

50

25

Viability of

macnophages% (1)

rccedinisine

25

I2,5

10

5

2,5

glucantime

100

100

100

Survival of

amastigotes-Sf &l Ol

20

10

5

100

100

90

100

100

dimethylsulfoxide

800

400

2W

100

50

25

47

59

70

100

100

100

(1): Viability = mean Vo of mauophages surviving

(2): S.I. 7o - Surviviog intracellular amastigotes index

3

98

100

100

100

100

100

100

30

77

9t

0.27o

0.lVo

80

100

100

100

100

3

2t

53

93

98

100

90

100



Table 4:
Inhibition of growth of some Gram-positive and Gram-negative bacteria.-

'i

compounds
pg/ml
conodurine
conduramine

Alkaloids N¿-methylpericyclivine, perivine, normasculine B,
affinine, vobasinol and vobasine were inactive.

S.antreus
60 1020
2422 18

Zone of inhibition, diameter in mm.

222L 18

E. coli
80 60
L3 t2
14 L3

P.aentginosa
80
T2

11

M. smegmatis
604o^20
37

'{

'1

j. .

30 2A 27
32 ?a

B. subtilis
604020
24
22 20 L9

2L 18
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TableS
13C NVm. spechal data of onodurine l, gabunine 2, c oduramine 3, accedinisine 4
(300 MHz, CDCI3)

Carbones
2
3
5

conduramine

6
7
8

L35.4

9

5L.7

10

53.1

11

22.L

condurine

T2

lro.2

T3

r22.'l

t4

r37.6

TL9.4

15

52.9

r27.2

16

51.1

r52.5

tl

21.9

93.

gabunine

18

109.9

138.

L9

L24.4

27.4

20

136.9

TT7.

IGCOOMe

32.

2l

52.9

TC/.9

55.

IGCOOMe

5r.2

151.9

36.5

2L.g

T14.3

awedinisine

11.5

1l-OMe

109.

26.'7

135.

r24.4

z',

26.9

4'(N-Me)

39.

138.9

3'.

1r7.2

3 1.8

57.4

49.6

104.8

175.7

y.5

5'

<4.5

151.9

33.7

52.3

27.2

TT4.L

1 1.5

56.

103.8

'7t

134.9

26.5

L35.9

L26.4

8'

38.9

27.

45.\

lr'7.6

9'

3r.7

57.5

42.

10'

118.7

:'4.4

174.8

60.

11'

L21.6

33.1

52.2

19.8

t2'

LO7.7

1 1.5

56.9

110.

13'

L37.6

26.5

135.9

r29.9

L4'

33.2

38.7

TT7.3

35.1

15'

2'.7.8

57.4

118.9

42.3

16'

4 1.5

17 5.

59.5

LzT.4

18'

65.2

52.6

109.8

19.5

19'

12.7

56.9

108.9

r34.9

20'

LT7.6

135.9

16'-COOMe

L29.4

36.5

2T'

136.2

16'-COOMe

35.2

r17.9

33.5

56.5

118.7

46.6

1(N-Me')

60.

r22.

12.2

109.7

24.

118.8

109.

135.9

r3'7.2

136.2

L29.L

34.6

52.4

45.7

LT8.2

33.4

17I.

42.4

lr9.'l

47.2

49.g

59.g

L23.3

L2.2

LO9.7

19.6

119.3

L34.9

109.

136.7

130.

34.7

52.n

TL7.7
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Figwe 1 . In vivo actiüty of Glrcantim@ and conodurilu base on Leishmania anuzorcnsis infection in BALB|c mice (*, SEM)
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R=Me: C-3' - C- 12 bond , conodurine

R=H; C-3' - C- 12 bond , N-demethyl conoduine (gabunine)

R=Me: C-3' - C- 10 bond , conoduramine

4
-§

Rr=Me, R =CH2OMe: accedinisine

R r=H, Rr=g¡¡rOMe: Irl'-demethyl accedinisine

Fig 2z Chemical structune of alkaloids 1, 2, 3, 4 and s


