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Abstract-Dihydroruine (I(-hydroxyglucosylharmaline). a partially characterized phenolic dihydro-fl-carboline, 
called YC2. and gentisate-2,5-di-B-D-glucoside have been isolated as minor components of Pryanunt harmala. 
Harmol, 5- and 6-hydroxytryptamine are reported for the first time from P. harmala. 

INTRODUCTION 

Previously we reported the isolation and charac- 
terization of ruine [l] (8-hydroxyglucosylharmine) 
from both seedlings and callus derived from roots 
and hypocotyls of Peganum harmala. The pres- 
ent paper deals with a detailed investigation of 
other secondary metabolites found in P. harmala 
seeds, seedlings and callus. 

RESULTS AND DKXUSSION 

The major P-carboline alkaloids which are 
known to occur [Z] in Peganum harmala, harmine, 
harmaline and harmalol, are also the major alka- 
loids in the seeds, seedlings and callus grown on, 
auxin-deficient medium [3]. Careful examination 
by TLC of methanolic extracts of callus [3] and 
the other plant material showed the presence of 
several minor components (Table 1). 

Callus was grown on two media [3] which dif- 
fered by the presence or absence of the auxin 2,4-D. 

Callus grown on auxin-deficient medium produced 
all the secondary metabolites reported here but 
callus grown on medium containing auxin pro- 
duced only gentisate glucoside. 

Harm01 has not previously been reported in P. 
harmala. It is possible that harm01 could have been 
produced artefactually by aerial oxidation of har- 
malol during extraction but this was excluded by 
the presence of harm01 in the roots of differen- 
tiated callus i.e. from callus grown on auxin-defi- 
cient media crushed directly onto a TLC plate, and 
in extracts prepared rapidly at O-4”. Dihydroruine 
(8-hydroxyglucosylharmaline) and the partially 
characterized alkaloid “YC2” are both new alka- 
loids. Dihydroruine is found in callus grown under 
conditions which favour the accumulation of har- 
maline, i.e. in callus grown in the light. YC2 had 
a UV spectrum typical of a phenolic dihydro-fl- 
carboline, but could not be dehydrogenated, in 
marked contrast to other dihydro-/?-carbolines. Its 

Table I, New natural products from Pegar~urtl hurrda 

Seeds Seedlings 
Callus grown on medium with 
Auxin No auxin 

Harm01 
Dihydroruine 
“YC2” 
5-Hydroxy- 

tryptamine 
6-Hydroxy- 

tryptamine 
Gentisate 2,5-p- 

diglucoside 

+ 
+ 
+ 

trace 

+ 

+ 

All plant material was derived from seeds supplied by the Jardin Botanique de la Ville. Dijon. 
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i-Hqdroxq- 
tryptamine 

h-Hqdroxp- 
trytamme 

Table 2. Propertics of 5- and &h)droriytr! ptamine from P~yjuwr~~ i~trrfwlu 
____ 

C‘olour on TLC 
with sprays i \ (nmi 

R, :X100* /I-DMAR-i- HB salt:: (M&HI R, 
~_____ 

36 Purple Purple 775 (300, sh) 6 mm 
19 Blue Bright 35 (270 sh) 6 min 54 set 

green t-cd 

* CHCI,, McOH~-NH, (10:4:1) developed under N. in the dark. 
i- I g/)-dlmeth~laminobcntaldehqde !n 25 ml II) M H?I, 75 ml MeOH. 
: I g Fast Blue BB salt (diwotized I-hcn~o)lamrno-7.S-dict~~~~~~ nnilinc) 111 IO ml McOH 

polarity indicated a glycoside, but it was rcsistant 
to acid hydrolysis. in contrast to ruine and dihy- 
droruine. Neither 5-nor 6-hydroxytryptamine have 
been found in P. I~~~mula before. The major isome 
is 6-hydroxytryptamine. Traces of 5-hydroxytryp- 
tamine could be detected only on callus grown on 
medium containing no auxin. 5- and 6-hydroxy- 
tryptamine were distinguished from one anothcl 
by comparison with standards and on the basis of 
the properties listed in Table 2. 

Additional reagents which will distinguish 
between 5- and 6-hydroxyskatoles 143 give corres- 
pondingly the same colour reactions with 5- and 6- 
hydroxytryptamines. The occurrence of 6-hydroxy- 
tryptamine in P. hurmalu is of interest as it is a 
possible intermediate in the synthesis of the p-car- 
bolinc alkaloids. It was found only in plant matcr- 
ial derived from seed supplied from Di_ion. This 
strain may be exceptional as seed contains 6-hy- 
droxytryptamine and ruine (X-hydroxyglucosylhar- 
mine). neither of which are present in seed from 
Pakistan or from naturalized P. htrvmalu from 
South Australia. 

While callus grown on medium containing 
auxin does not produce alkaloids rl~~ /IOCY~. it can 
efficiently convert exogenous tryptamine to 5..hy- 
droxytryptamine [S], harmaline to dihydroruine 
[S] and harmine to ruine [I]. The structural 
assignments of 5-hydroxytryptamine and dihy- 
droruine reported here are based on material thus 
prepared. 

Gentisate glucoside is produced in variable 
amounts by callus grown on both media. In the 
absence of a parent peak its identification as genti- 
sate-2,5-di-P-i>-glucoside is tentative. The possihi- 
lity that it is a p-D-glucosyl derivative of this can- 
not be excluded. 

(;~~~t~trl. TLC R:IS carrlcd out on Merck silica gel plates (Cat. 
No. 5711 and 5711). .4 Facts and Method 400 Gas Chromato- 
graph was used for GLC. The column wab acid washed Diato- 
port S. 60 SO mesh. coated with S”,, OF-i. \vith own temp. at 
X5 detector and inlet at 765 MS measured on an Atlas MS- 
YW mass spcctrometcr, usmg 3 direct inlet system. 

P/U/II mrrvritri. Seed of P. /I~~VJJW/U gas donated I>! the dxec- 
tar of the Jardin Botanquc dc Ia Ytlle. Diion, Dr. D. L.il~grcn 
of Adelaldc and Dr. A. Kamahl l’rom Pakistan. 

t \/rrrc~riofl irift/ i.drrio~f of fwrurcil prorlut~~.s. Seeds uerc 
ground with wnd and I!tOH~ H,O (7:?1; the extract IVES fil- 
ter& conccntr;ltcd, and chl-omato_er~iplIcd as for extracts 01 
calls / 3 1. Seedlings wxc atractcd in the same mamw as 
~111~s L3~j. IHal-mint. harmnl~nc. harmolot. harmol and ruinc 
wxc isolated and ldentllied as descrihcd prcviousll L.31. 

I)llli,t/i~,~rfifl[~. MeOH c\tracts from callus were chromato- 
graphed b! TLC‘ and dowloped \bith <‘HCl, MeOH (2: I ). 
Dih!drorulne (R, 0.i) v,as clutcd \\~th hlcOH H,O HCOZH 
(X9: IO: 11 and rc-chrolnatuyraphcd 11 ith CHC I, VcOH NH, 
(20:X: I). then again v.ith CH(‘I, McOH (?:I). Dihydro- 
wine could not hc cr)stallizcd. UV spectrum: i.,,,,, 11 m 
(MeOH f OH ) 255 Ish). (MeOH + H ’ ) 760. 335 (shl, 360. 
-100 (bh). Dih>droruinc rcadil; OYI~ILU~ in ax to ruine (coTLC. 
L’V spectrum) [I]. Zcctylatton of dihydroruine (Ac10 pjri- 
dine1 gaw a ylloa. major product (RI 0.6: CHCI, McOH. 
9: I) L+ hich could not lx crqstallizcd but could bc con\erted to 
ruine tctra-xetatc [I] (m.m.p.) b) aerial oxidation or hq 
liell~dro~cnation I\ ith 5”,, Pd on C‘aCO,. 

l’C2. Yc‘7 isolated (K, 0.17: CH<‘l, MzOH NH,. 10:4: I) 
from aurin-dclicicnt callus hati a hi-ight !ello\\ Iluorcscence. 
and on TLC pInta ga\c a red to purpte colour v ith diuotizcd 
sulphanilic acid (c\ccss HNO1 rcmo\cd \blth ammonium sul- 
phamatcl. IJV yxxlrtlm: i,,, ~ nm (h1cOH1 165, 330: (McOH i 
H ’ I 265. iS0: (McOH + OH I ?hO. Treatment nith PuaBH, 

gave a non-fluorescent phenolic product (red colour with Fast 
Blue BB salt and a ~rcd brown colout- with acidic xanth)drol). 
II\’ spcctrllm: /,,, \ nm (McOH) 270. ‘790 (sh). Yc‘: could be 
regenerated bq heating this pl-oduct M ith formaldehyde solu- 
tion. Insuliicicnt YC‘Z was ohtnincd to attempt cr~stalliration. 
It \%a? rcGstant to acid hydrolysis. and to dehvdrogrnation 
either h) aerial oxidation or usln_g S”,, Pd on C’aCO,, YC2 
reacted with Ac,O pql-idine. but the mam. aqua-fluorescing. 
qellow product LXBS non-phcnolic (no reaction with Fast Blue 
BB halt) and still quite polar I/<, 04 with CHCI,3 MeOH NH, 
10:5: I). 
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medium to which tryptamine had been added [SJ. It was crys- 
tallized as the creatinine. SO,. 

6-Hycir~o.~ytr~ptamine. Extracts from seeds (0.1 g) or from 
callus (40g) were chromatographed as described for the isola- 
tion of hydroxytryptamines from callus [3], Attempts to crys- 
tallize h-hydroxytryptamine as the creatinine, SO, were unsuc- 
cessful. The parent peak was mass matched (Found 176.0945; 
C,,H,,N20 requires 176.0949). 

Grntisarr-2,5-di-B-D-glucosidr. Callus (37 g) grown on auxin- 
containing medium was freeze-dried and extracted exhaustively 
with MeOH. The concentrated extract, diluted to MeOH-H,O 
(9:l) was exchanged on DEAF-Sephadex A-25 (OH- form, 
equilibrated in EtOH-HZO. 9: I). Fractions were eluted with 
EtOH HZ0 (9: I), EtOH-HZOm HCO,H (44: 5: I) and EtOH-m 
H,@HCOZH (81:9:10). The last fraction was neutralized with 
(NH&CO,. The yellow oil remaining after evaporation and 
sublimation of the- NH,COZH was chromatographed by TLC 
(CHCl,-MeOH-NH,, 9:9: 1). A colourless oil (50mg) was 
obtained from the blue fluorescent band (Rs 0.6). Fluorescence 
soectrum I..... nm (MeOH) excitation 315. emission 440; UV 
spectrum: ;:,I, nm (MeOH + OH-) 226 (sh), 305; (MeOH + 
H+) 229 (sh), 315. Prominent peaks in the MS show the frag- 

mentation of a dihydroxybenzoic acid [6]: rnjc 154 (M+, 5976). 
136 (100) 108 (25). X0 (22) 52 (19). Minor peaks attributable to 
a hexose moiety [7] appear at rnjr 162, 149. 144. 73 and 60. The 
whole spectrum is consistent with a phenolic hexoside with a 
vanishingly small true molecular ion peak [S]. The aglycone. 
gentisic acid, was obtained by hydrolysis with fi-o-ghicosidase 
in 0.05 M citrate buffer, pH 4.9 overnight and identified by com- 
parison with standard gentisic acid (m.p. and m.m.p.). The glu- 
coside could also be hydrolysed by 2M HCl at 80’. Using 

DEAE-Sephadex A-25 to neutralize the reaction and to absorb 
the aglycone, the presence of o-glucose in the unexchanged 
solution was demonstrated by the action of D-glucose oxidase 
shown by the peroxidase mediated conversion of tyramine to 
a fluorescent biphenyl [9]. 
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