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(+)-7%alrfarazrnr (2) This compound was obtamed as yel- 

lowlsh white amorphous powders 8 mg, [a]g +48” (MeOH, 

CO 1) This alkaloid was characterized by spectral (UV, IR, 

‘H NMR and MS) analyses and compdrlson wrth hterature data 

IJo1 
Broloqtul etaluat~on The cytotoxlclty assay was carried out 

accordmg to a procedure described m hterature 1121 
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Abstract--A pyrrohzrdme alkaloid, phalaenopsme T was tdenttfied as a growth mhtbttory compound contained in 
Phalaenopsrs spp using the lettuce seedhng and Culanthe seedhng tests 
____ ~__ __- 

INTRODUCTION 

In continumg studies on growth mhtbttors of plants, we 
have already reported the tsolatton of eucomtc acid and 
hydroxyeucomlc acid from Cattkyu tmnaet Cl, 21 and p- 
coumaroyl ester of 2,3-dthydroxy-1,2-propane- 
dtcarboxyhc acid and dtferuloylsucrose from Lzl~um 
longrflorum [3. 41 In the case of Phalaenopsrs spp. 
the growth of the shoot ttp IS occastonally mhtblted 
durmg the shoot ttp culture The growth mhtbttor was 
detected by the lettuce seedhng and the Calmthe htsco[or 
(Orchtdaceae) seedling test and locahzed m the alkaline 
fraction The followmg report deals with the tsolatton of a 

constttuent wtth stgmficant plant growth mhlbmng actrv- 
lty whtch was shown to be tdenttcal with the pyrroliztdme 
alkalotd. phalaenopsme T[5] 

RESULTS AND DISCUSSION 

A methanol extract (Fr 1) of sliced fresh leaves of 
Pha[umops~s spp was extracted with ether (Fr. 2) and 
ethylacetate (Fr. 3) successtvely under actdtc condmon 
and then chloroform (Fr 4) and n-butanol (Fr 5) succes- 
sively under alkaline condrton The mhtbttmg assay for 
mdlvtdual fractton was carried out usmg the lettuce 
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seedling test [6] The result clearly suggests that the 
mhibttory effect was m fraction 4 as shown in Table 1. 
The growth mhibttory fraction (Fr. 4) was repeatedly 
purtfied by column chromatography on Sephadex LH- 
20, sihca gel, alumma and finally recrystallizatton by 
monitoring for growth inhibttory acttvtty by the lettuce 
seedling growth test to give colourless crystalhne, com- 
pound 1, mp 999104” The FDMS showed a molecular 
ton at 361 (M+). The ’ 3C NMR spectrum of 1 resembled 
that of eucomtc acid dtmethyl ester [l] indicating phenyl 
carbons at 127.2,128 2, 130.2 and 134.8 ppm, carbometh- 
oxyl carbon at 51.8 ppm, benzyl methylene carbon at 
42.9 ppm and ahphatic ternary carbon at 75 8 ppm. In 
addition, two methylene carbons neighbourmg mtrogen 
atom at 54 4 and 54 8 ppm and three other methylene 
carbons at 26 0, 30 6 and 31.8 ppm were observed 
‘HNMR spectrum of 1 mdtcated phenyl protons as a 
singlet at 7.27 ppm. From these results 1 mrght be phal- 
aenopsine T or phalaenopsme La which are diastereo- 
isomers. Fmally 1 was identdied as phalaenopsme T 
comparing the [a&, with that of hterature [S]. 

The growth inhibitory effect of 1 was investigated in 
the lettuce and Calanthe brscolor seedling tests (Table 2). 
In the lettuce seedling test 1 inhibited does dependently 
the growth of both hypocotyl and root. The Calanthe 
seedling test also showed the dose dependent effect on 
shoot, root length and total wetght. Significant inhibition 
was observed at 1000 ppm with all seedlings dying during 
the 52-day-culture. In the medium containing 5OOppm 
and 100 ppm of 1, 2/5 and l/7 seedlings die, respecttvely. 

In our prevtous investigations we tsolated the inhibt- 
tory compound found in Cattleya trianaet and suggested 
that the inhibition might have occurred due to the dis- 
order of a related metabolic pathway resulting from of 
eucomtc acid[l] Since phalaenopsine T has eucomic 
acid residue m a molecule, the previous hypothesis may 
be acceptable. Moreover, m the bioassay 1 may produce 
dehydroxyeucomic acid and trachelanthamtdme by sap- 
onificatton and those compounds induce growth inhibt- 
tton. 

EXPERIMENTAL 

Mp: uncorr. ‘HNMR spectra were measured at 100 MHz 
wtth TMS as mt. standard. t3CNMR spectra were taken on 

ppm scale with TMS as mt standard. Dragendorff reagent, 10% 
H,SO, and UV were used for detection CC was carrted out 

wtth Sephadex LH-20, sthca gel 60 and alumma. 

Btoassay procedure The lettuce seedhng growth test was done 

as prevtously descrtbed[6] with modtfication. The Calanthe 
seedling test was carrted out on the agar medmm contammg 2 g 

of Hyponex (The Hyponex Company, Inc ), 2 g of peptone and 

25 g of sucrose/l under 16hr light cycle for 52-day-culture. 

Table 1 Effect of mdtvtdual fractton* on the growth of lettuce seedhng 

Growth rate (X) Control Fr 1 Fr 2 Fr 3 Fr. 4 Fr 5 Fr 6 

Hypocotyl length 100 161 5 103 6 150.3 876 899 133.1 

Root length 100 102.7 1144 79 5 58.5 25 1 612 

* loo0 ppm of sample was assayed 

Table 2. Effect of phalaenopsme T on the growth of lettuce seedhngs (A) and 

Cafanthe bwolor seedhngs (B) 

Phalaenopsme T (ppm) 
Growth rate (%) loo0 500 100 10 0 

A Hypocotyl length 43 6 69.1 81 8 98 2 100 

Root length 306 79.3 80.8 87.3 100 

Hypocotyl length 0* 48 8** 78 8*** 75 1 100 

B Root length 0 113 549 718 100 

Total wetght 0 34.8 55 1 529 100 

*All seedlmgs dted 

** 2/5 seedlings dted. 

***l/7 seedling dted 
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Isolation of 1. Fresh leaves and stem (550 g) of Phalaenopsls 

cv musashmo (cryde x mahbunver) were homogemzed with 
MeOH and stored at room temp overnight The MeOH extract 

(FR 1; 12 g) was suspended with 0 1 M HCI (100 ml, pH 2-3) 

and extracted with Et,O(Fr 2, 123 g) and EtOAc(Fr 3,0 46 g), 

successively. The aq layer was adjusted to pH 9 with NH, and 

extracted with CHCl, (Fr. 4,0 24 g) and n-BuOH (Fr 5, 1 02 g), 

successively. The Fr 4 was repeatedly subjected to column 

chromatography to give a pale yellow powder (140 mg) which 
gave colourless crystalline 1 after recrystalhzatlon from EtOH 

Mp 99-104” (ht. [SJ, mp 1045-105”), [alp-24 5 (CHCl,, 

CO 57), (lit [S], [alAo- 15”), FDMS m/z 361 (M+), ‘HNMR 

(CDCI,) 2 76,3 04 (2H, dd, J = 16 Hz), 2 98 (2H, d, J = 1 2 Hz), 

3.65 (3H, s), 3 99, 4 20 (2H, ddd, J = 6, 6, 11 Hz), 7.25 (5H, s), 
’ % NiWL ~.Cc,oCl.>). 2fi Cl. M 6,. 11. S. 4.29,. 110 8,. 4.5 5,. V 8,. 54.4, 
54. X_. 67 9;. f& I.7 E q. l-27 3,. CL% 2. t?%l2,_ 134.8,. I.7 10,. 174.2 
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Abstract-Piperme contents of greenhouse-grown Piper nzgrum plants were analysed Only traces of alkaloid were 
detected m leaves and young shoots, more slgmficant quantities (cu 0 03%) occurred m the root Remarkably high 
amounts of plperine (ca 0 2%) were found, however, m mature, fully differentiated shoots reaching the contents of 
commercially available white or black pepper of lower quality 

Piperme (E,E- 1 -N-plperoyiplperldme), the pungent prm- 
clple of pepper, occurs m the fruit of PIper nigrum and 

related species, e g P longum or P clusu [ 1 J This alkal- 
oid has also been found occasionally m other parts of 
plperaceous plants, e.g m stems of P chaba [2] and m 
the wood of P novae-hollandiae [3]. In general, however, 
the assoclatlon of pepper seeds and piperme IS so charac- 
terlstlc that it IS widely believed that vegetative parts of 
pepper are devoid of this substance 

Our interest m this questton arose from plans to study 
the biogenesis of piperme. We soon became aware that It 

*Author to whom correspondence should be addressed 

was extremely dltficuli, tf not impossible, to achieve 

flowering and fruitmg of P nzgrum plants m the green- 
house at our northern geographlcal latitudes It was thus 
decided to analyse vegetative plant parts for the eventual 
accumulation of piperme. For this purpose, roots, young 
and mature shoot segments, and young and mature 
leaves, respectively, were extracted indlvldually with 
CHCl, In addition, commercially avadable samples of 
black and white pepper kernels were worked up as 
references Qualitative analyses by reversed-phase 
HPLC, based on comparison of R,s and spiking with 
authentic material, revealed that the extracts from root 
and shoot tissues contamed slgndicant amounts of pipe- 
rme as the mam or almost exclustve component Extracts 
from mature shoots m particular closely resembled those 


