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SUMMARY

Tine isehiotridinc-based pyrrohizidimne alkaloids lasiocarpine ansd hnehiotrine us-eve nsetabo-
lized in vitro by rat liver microsomes to one mains chloroform-extractable and w-ater-soluble

pyrrohic derivative, which us-as isolated annd idemitified as dehydroheliotridinne (6 , 7-dihydro-

7a-hydnoxy-1-hydroxymethyl-5H-pyrrolizinne) by chromatography amid nnuclcar magnetic
resonamnce arid mass spectroscopy. Onsly trace amounnis of this metabolite uvere formed from

tine N-oxides of lasiocarpine or inchiotrinne, annd it uvas riot formed fnons supinuinse.

I NTROI)UCTION

The hepatotoxicity of pyrrohizidimne alka-
bids lists beers ascribed to tine suction of ann
“active” mctabolite uvhich is produced in
tine liver and ushich sometimes escapes unto
the circulatinsg blood, causing lesions ins

other organs, sucis as the lung amid kidnseys
(1-4). Products of metabolic inydrolysis,
iuydroxylationn, amsd N-oxidations of these

alkaloids us-eve isolated by Danns (in ref. 1),
but tinesc metabolites retained a 1 , 2-deisy-

dropyrnolizidinne ninug and us-crc less toxic
thans tine parenst alkaloids (1). More recently,
it has beers show-ni that pyrrolic derivatives

are produced in vivo and in vitro (3, 4). In
the present study it us-as found thirst onuc
nsainu usater-soluble arid chloroform-extract-
able p\-rrohic metabolite uvas produced from
the huehiotnidinie-based alkaloids lasiocarpinie
amid ineliotninue by rat liver microsomes in

n’ilro. Thus mctabohite svas isolated amid iden-

tifled as deinydroheiiotnidinue (6 ,7-diiuvdro-

7a-inydroxy- 1 -inydroxynsetinyl-5H-pyrrohi-

zinse).

MATERmALS ANt) METHOI)S

Enzyme preparations. Homogenates (20 %

in 0.154 �i KCI) us-eve prepared from the

livers of adult male vats ansd censtnifuged for

10 mini at 15,000 X q, amid tine supermsrstrsnst
fractiomss (combined microsomal amid soluble
fractions) uvere used sis “microsomal prepa-
ratiomns.” Sucin microsomrsl preparationis usene
made both from the livers of untreated rats
amid from those of rats treated with three

daily doses of SO mg of sodium pinennobarbital
per kilogram of body useigint, administered
by imntraperitonseal inj ectionn.

Reaction mixtures. Incubation mixtures

comntaimmed 0.02 M KH2PO1 adjusted to pH
7.5 usith 1 N XaOH, 5 m�t MgSO1, 10 �M

MnuCi2, 10 flLM glucose 6-pbnosphnate, 0.1
mM NAI)P, 5 or 10 miii alkaloid, previously

nneutraiized ssitin dilute HC1, sinnd micro-
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somal preparation equivaiennt to onne-iualf

the total finsal volume, w-hicis us-as usually
0.5 ml. The mixtures us-crc incubated at 37#{176}
us-ith shaking. Incubation was conducted for

10 mm for chemical assay (3, 5) arid for 60
mm for analysis by thin-layer chsromatogra-
phy. The plates (silica gel G) us-crc developed
ins chloroform-methanol-ammonia (0.SS0 sp.

gr. ; 85 :14 : 1 by volume) (solvent 1). Both
samples of the reaction mixtures and cinloro-
form extracts of these mixtures were sub-
jected to thin-layer chromatographic ansaly-
sis. The chromatograms were sprayed with
Ehrlich’s reagent.

Large-scale preparation. To obtains suffi-
cient pyrrohic metabohite for identification,
mixtures of 5 ml each were prepared using

la.siocarpine as substrate, and a microsomal
preparation was made from the liver of a rat
treated with sodium phenobarbital. After
incubation at 37#{176}for 30 mm, the mixtures
uvere extracted with chloroform, and tine

pooled extracts were reduced in volume ansd
applied to a preparative thin-layer chroma-
tography plate. After development of tine

plate and location of tine metabohite by a
marker channel, the band of silica gel cons-
taming tine metabolite usa.s scraped off arid
eluted with methanol. The resultinig metina-
nol solution was evaporated to drynsess, arid
the metabolite us-as taken up in methylene

chloride. For measurement of the mass spec-

trum, a drop of this solutions us-as evaporated
inn a tube for direct entry into tine ma�ss

spectrometer (Hitachi Perkins-Elmer, RMU
6D). For measurement of the nuclear nnrsg-
netic resonance spectrum, tine remaimsimig
solution was evaporated arid taken up in

deuterochloroform. The spcctrunn uvas meas-
ured with a Vanians HA-100 spectrometer
amid a Variann C-1024 computer arid recorded

as tine average of 222 scans.
1)etection of quaternary inetabolites. Inscu-

bation mixtures of 5 ml each, similar to

tinose of the large-scale preparations, us-eve

prepared usiisg 10 mM lasiocarpinue, iselio-
tnine, or supinine as substrate. After inncubrs-
tion for 1 hr at 37#{176},each mixture us-as ex-

tracted with cisloroform, arid the extracts
uscre dried over Na2SO4 and evssporated to
snnall volumes (X extracts). Tine aqueous

residues us-eve saturated usitin XaHCO3 amid

KC1 arid extracted furtiner, usinng cinloroform

containing 5 % metinansol. Tine extracts uvere

dried over Na�SO4 and evaporated to small
volumes (V extracts). Portions of the X

and }T extracts us-crc analyzed by both thin-
layer and paper chromatography. The thin-
layer chromatograms were developed a.s

described above, annd the paper chsromato-
grams svere developed ins 1-butamsol--acetic
acid-water (80 : 3 : 17 by volume) (solvent
2). All chromatograms wene sprayed with
Ehurlich ‘s reagenut.

RESULTS

Tine three alkaloids lasiocarpinne, inehio-
tnine, and supinnimse, their respective N-ox-

ides, and the amino alcohol isehiotnidinse
usere incubated uvitin rat liven microsomes,
arid tine products of tine neactionns us-eve

analyzed by tine chemical assay for tine pro-
ductioms of pyrvohic derivatives. Pyrrohic
compounds us-eve formed readily from the
alkaloids, but nnot from tine N-oxides or

huchiotnidine. Values founid, expressed as mi-
cromoles of pyrvole produced per gram of
liver, us-ct uveigint, in 30 mini, were 5. 2 from
lasiocarpine, 1.2 from hehiotnine, and 1.4

from supininc. Tine use of microsomes from
rats previously treated with sodium phnemso-
barbital increased tine rate of production of

pyrroles from the alkaloid esters 4-5-fold.
Housever, there us-as still rio detectable trans-

formation of the N-oxides or heliotridine.
Tiuins-layen cinromatographsic analysis of

reactions mixtures conntaimiing lasiocanpinse
shouved the presence of three Einnlich-posi-
tive spots, usith R� values of 0.45 (A), 0.07

(B), and 0.0 (C). Tine major spot (A) mad
an R�0- identical uvitin that of ann authentic
sample of delnydroinehiotnidine (compounsd

I), and both gave a purple color uvith tine
Eiurhichu reagemst. Co-cisromatograplny of spot
A usith authsenntic deinydroineliotnidinse gave
a sinngle, discrete spot. Mixtures comstaimsinsg
incliotninue as substrate yielded pyrrohic dc-

rivatives that mad R� values arid colors
similar to those of lasiocarpinne, but the
amounsts of erschu us-crc considerably smaller.
Several pink-mauve spots us-crc obtained
frons chnloroform extracts of mixtures incu-
bated uvith supinimse, but tiueiv R� values
svcve differennt fvonuu tinose obtainned frons
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lasiocarpi mie arid inehiotrinne. Trace announsts
of purple, Einrlich-positive nusitemial (I?�.

0.45) usi’re obtainned from chuloroformun cx-

tracts of nnixtures incubated with lsssiocar-

I)inse N-oxide, hnehiotrinne V-oxide, amid india-
tnidinue. This imudicated onuly a very snnall
amount of coniversioni to pyrrolic substances,

as thuns-layen cinromatographuy us.sis about 5

times more senisitive tinams tine cisennical

assay for the detections of dehydroluehiotri-

dine.
A sannI)ie of nsetaboiite A was isolated

by l)repavative tiuini-layer cinromatogrsij)hny
from larger n-eaction nnixtunes, ins uvinich

la.siocarpinse us-as incubated uvitin a microso-
nial preparations from a rat thirst mad beers

treated uviths sodium phensobarbital. The
idenntity of thus mctssbolite uvitlu deinydro-

inchiotridimse (compound I) uvas established
by means of ma.ss timid nsuclear magnetic

resonansce specta. Tine major peaks itt tine
mass spectrum of autinenutic deinydrohnehio-
tridinie are as follouss: m/e 153, 136, 135,
134, 122, 118, 117, 107, 104, 94, 90. Tine
mass spectrum of tine mctabolite as recov-
ered from the thins-layer chnromatogvrsphy
plate contained all tinese peaks at similar
relative initerisities, except thirst m/e 117
uva.s much more intense than ins tine best
refercnuce spectrum. Other spectra of dehy-

drohehiotnidine also conntainncd ann intense
peak at m/e 1 17, tine relative peak initensi-
ties apparently varyinug uvith tine connditions

of mea.surememst and tine purity of tine
sample. A continuous background of low--
intennsity peaks usas show-n to be due to

substanuces extracted from tine silica gel of
the thin-layer chromatography plate. Sub-
traction of a spectrum due to tinese sub-

stances, obtainsed inn a blank runs, from thirst
of the extract constainning the metrsbolitc

gave a residual spectrum us-inich corntained
no peaks with more thnann 10 % instensity that
userc not pncsenst in the referenuce ��pectrum
of dehydroheliotnidinne. The nuclear mag-
mietic resonance spectrum of authcnstic dehy-
drohehiotridinse ins dcuterocinloroform at cons-
centrationns below- 2 % consists of broad
multiplets in the #{244}= 2.3 annd #{246}= 4.0 regionis,
us-luich are due to the H-6 arid H-S protons,

respectively; two strong lines nnear S = 4.5,
us-hicis are the iminuer lines of au AB system

due to thne slightly nonequivalent H-9 pro-

tomis ; a four-hinne nunultiplet, S = 5. 13, due to
H-7; anud tss-() doublets, S = 6.12 amid 6.4$
(.1 = 2.5 cps), ushiicin are due to tine I)Yrrohic

j)rotonss, H-2 annd H-3. At iniginer comicemitna-
tionns, tine H-9 protomns are of equal chemi-
cal shift, �5 = 4.6. The spectrtnnns of tine
nunetabohite sinoused tine doublets S = 6.12

annd 6.4$, tine nsultipiet S = 3.13, tine strong
lines mnessr S = 4.5, amid the broad nnultiplets
near S = 2.5 arid 4.0.

Tine optical purity of tine metaboiite usas
riot established. Houvever, simnce tine conufigu-
ratiomu sit C-7 is appsirenstlv retsninned durinng
tine chuennicsil oxidations of hehiotnidine to

dein�-drohneliotridimse (6), it is reasonsrsble to

assunnne that it is sslso retainued during tine
metabolic formations of conspounnd I fromnn

inehiotridinne-brssed alkaloids.
Amnother scaled-up reactions mixture corn-

tainninng inehiotrine as sunbstrrste us-as extracted
us-itis chloroform, rsnnd tine extracts uvere ania-
lvzcd by thins-layer and paper cinromatogra-
phy to obtain evidence for tine identifiers-
tion of a possible componuenst of nsetabohite
S1)Ots B amid C. Paper chromatography of

tine Y extracts sisouved tine presence of

Ehrlicis-positivc spots of R� 0.21 (mauve)
amid 0.50 (spot D; mauve, becoming (lark
gray onn standing), as usell as a small amoumut

of dehydrohehiotnidine (confirmed by thin-

layer chnromatogrrsphic rsnnalysis) thirst po-
lymerized on the origin. The RF of spot D,
its color, and change in color us-eve identical

us-itin tinose given by N-[6 , 7-dihnydvo-7a-

inydroxy-1-(5H-pyrrolizinio)]metinylhcliotnimne
chloride (compound II) (7). Metabolite D
rind authentic compound II also sinoused
identical RF values and colors on thin-layer

chromatograms developed ins methannol (R�

0.11) arid in solvcnst 1 (R� 0.0), rslthoughn inn
tine latter instance the spot could be dis-
placed to form a crcscenit above other sub-
stances bound more firmly at the origins. Of

tine nsamsy pyrrohic amid diinydropyrrolizinne

derivatives us-c have prepared chemically

froni the alkaloids, suonse except conupounnd
II amid related qurstennnary substansces derived
from otiner alkaloids inas an RF value uvithnins
tine range 0.3-0.6 uvhcn churonnatographued on
paper usinng solvcnnt 2.

Extraction amid analysis performed in a
similar mariner on incubation mixtures cons-

taininng lasiocarpinne anud supinnirue as sub-



Cl-I3 Cl-I3

\ /

_______HO CH1O-CO-C-CH-CH3

OH OCH3

dehydroheliotrine

/

ALKYLATION CH3 CH3

HO CH 0 CO-C-CH-Cl-13

KIX� - OH OCH3
I#{174}

HO CH2

(II)

METABOLnSM OF PYRII0LnzIDINE ALKALOI1)S 405

Fun. 1. Possible nmechanism for the metabolism of heliotrine to dehydroheliotridine

strates gave evidence suggestimig tine forma-
tion of qurstennuany derivatives from these

alkaloids, but such metabolites insiu’e mnot yet

been completely chnaractcnized.

DIscUSSmoN

The mrsinn extractable j)yrnohic metabolite

produced by rat liver nnicrosomes from tine
ineliotnidinse-ba,sed pyrrohizidinne alkaloids la-

siocarpinic arid heliotninne uvas idenntifled as

dehydroineliotnidiric (I). This metrsbohite us-as
riot produced from supinine, ann ester of
supinsidine (1, 8). Tine �)yrrolic substances
derived from supinimne differed frons tine

j)roducts of tine ineliotnidine-based alkaloids
iii RF values, ins the colors- of tine Einrhich-

positive spots- on chromatograms, rimnd in
tine rate of colon developnnennt ins the cinemi-
cal assay (9).

No pyrrolic derivatives us-crc detected by
chemical assay of inscubation nnixtures corn-

taming the alkaloid N-oxides, evens us-men
the microsomal pneparationns used us-crc tinose
from livers of rats treated us-itin sodium

phuenobrsrbitssi, ushnich is knnosvnu to induce

inigin levels of activity of tine microsomal

mixed-functions oxidases (10) arid markedly
inucneased the rate of productions of pyrrohic

compounuds from lasiocanpimie anud huchiotninc.
Thii� stnonglv suggests that the N-oxides are
mnot imntcrmediates ims the reaction(s) by
usiuich tine alkaloids are conivented meta-
bohicahhv into pyrrohic derivatives. ?slrsttocks
(3) founid that “metabolic I)�rnoles” us-eve

formed from retrorsine N-oxide us-lien inncu-
bated for 2-5 inn witis rat liven slices. Houv-
even, Danin (inn ref. 1 ) sisouved that foilouvinsg

initnapenitonseal administrations of huehiotninse
N-oxide to vats, 2.7 % of tine dose us-as

excreted as inchiotrinse, amid a further 2.7 %
a.s inehiotnidimne trachnelanthate. Thus, in tine
us’hole rat, at least, N-oxide is reduced back

to tine tertiary ba.se, and if tinis reductions
occurs inn tine liver, tine reduced alkaloid so

formed could be tue origins of the pyrrolic
connpounsds formed during inscubationn of
alkaloid N-oxide with liver slices. Tine trace
amounts of dehnydrohneliotnidine shnousn by
cinromatography to iuave beens formed from
lasiocarpinse N-oxide and inehiotrinue N-oxide

HO CHOH

CH3 CH3
\/

CH

HO CH2-O-CO-C-CH-CH3

K�X� OH

heliotrine

dehydroheliotridine(I)

/
HYDROLYSIS



406 JAGO ET AL.

1 Unpublished observations. press.

by tine nsicrosomai Pnei)ninatiomns may also
have arisen inn this usav.

A possible mechannism for tine formation

of dehydroinehiotnidirnc frons heliotninnc amid
la.siocarpinsc would be deinydrogemnation of
the hehiotnidinue fonmed by isydnolysis of

tinese alkaloids (1). However, as the rate of
formation of dehydvohneiiotnidinc from india-

tridine uva.s very muds low-cr thnans that from
either lasiocanpinse on isehiotnine, it seemn�

unlikely that the amimno alcoinol is ann inter-

mediate in tine cornvensiomu of heiiotnidinse-
based pyrrohizidimne alkaloids into dehydro-
heliotridinne.

A more likely pathnwsty for its metabolic
formation is by hydrolysis of deinydroalka-

bids. Evidence for the formations of dehy-

droalkaioids uva.s provided by the identifiers-
tion of metabolite D from hehiotninse as a

salt of the quaternany compound II. Thus

compournd, ushich is relatively stable, is

formed readily in vitro by interaction be-
tuveen dehydrohsehiotvine arid inchiotninse (12).
Dehydrohehiotninsc and dehydrola.siocarpine,

on the other hand, sine extremely labile ins
aqueous solution (11), and inydrolyze spots-
taneously to give dehydrohueliotnidine and

other, a.s yet unidentified products.’ They
are also highly reactive alkylating agents

(4, 11). We have found thirst they combine
readily with tertiary amimnes, includinug tine

parent alkaloid, and that quaternnany cons-
pounds such as II are formed as ann alkaloid
undergoes chemical conversion to the de-
inydroalkaloid (7, 12). Although dehydro-
ineliotnidine is also an alkylating agent (4,
12) and thus is potentially able to act as a
precursor for the metabolically j)roduced

(luaternnany compound II, it does riot react
with hchiotrine at a sufficient rate to be a

precursor of II under the conditions used in
the present us-ork.’

It therefore seems likely thnat, in the
metabolism of hehiotrine, tine alkaloid is

first converted by the microsomal enzymes
of liver to dehydroheliotrinne. The deinydro-
alkaloid then either alkylates suitable accep-
tors, suchi as unchanged hehiotninue, proteins,

and possibly nucleic acids, tinat are suffi-

cienitlv close to the site of its formationn, or

rsipidly undergoes inydrolysis to deinydro-

inehiotridinse (Fig. 1). Tisus, the main cx-

tractable pyrrolic metabolite recovered us-as
the relatively stable deinydroheliotridinne.
Tine nesults suggest a similar sequenuce of

reactions during the metabolism of lasiocar-

pine amid supininne. Dchydrohucliotnidinse is
silso a major component of the pynrohic

denivsitives excreted in tine urine fohlous-imng
adminiistration of lasiocarpine or hehiotninie

(4). Apart from compounnd I, the other
major Ehrlich-positivc spot on tinimn-layer
ciuromrstograms of the uniextracted reactions
mixtures occurred at tine origin. Probably a

lange proportion of this consisted of pyrrohic

derivatives bound to micnosomal or soluble
proteins (3).

These metabolic processes apparently oc-
cur in plant cells also, as the quaternnsiry

compound II has been detected in extracts
of Heliotropiu;n europaeum (7).
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