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Abstract-Three radloactlve precursors, [3-3H]-oleanohc acid and Its 3-0-monoglucoslde and 3-O-mono- 
glucuromde, were admmlstrated to ligulate flowers of Calendula oficwalrs The oleanohc acid was glycosyl- 
ated to the monoglucoslde and its denvabves faster than to the monoglucuromde and Its derlvatlves After 
admmlstratlon of each radloactlve monoglycosldes their hydrolysis to free oleanohc acid as well as further 
glycosylatlon was observed The 3-0-monoglucoslde was hydrolysed more extensively than the 3-O-mono- 
glucuromde and m both cases the 3-0-monoglucoslde and Its derlvatlves were formed faster than the 
derivatives of the 3-0-monoglucuromde 

INTRODUCTION 
The previous work on the biosynthesis of oleanohc 
acid glycosldes m Calendufa oficmalrs mfloiescences 
employmg the 3-0-monoglucoslde and 3-O-mono- 
glucuromde as precursors showed that both com- 
pounds were effectively absorbed by the mflores- 
cences Radloactlvlty was found in the mvolucres as 
well as, after a delay, in the flowers m free oleanohc 
acid and m glycosldes of both series as well as in 
unchanged precursor This result mdlcated the 
presence of active glycosldases and glycosylases m 
both the mvolucre and flowers However, these m- 
veshgatlons did not resolve the problem of which 
compound was the mam transport form from m- 
volucre to flowers and how it was metabohzed by the 
flowers themselves 

The aim of the present study was to examme the 
metabolism of radloactrve [f3H]-oleanohc acid and 
Its 3-0-monoglucoside and 3-0-monoglucuromde m 
isolated hgulate flowers of Calendula oficmalu 

RESULTS AND DISCUSSION 
In the present work the [3-3H]-oleanohc acid and its 

3-0-monoglucoslde and 3-0-monoglucuromde were 
used as precursors They were admmtstrated to 
Isolated hgulate flowers of Calendula oficmalrs After 
2, 4, 6 and 8 hr flowers were analysed and the 
radloactlvlty was determmed m free oleanohc acid 
and m oleanohc acid bound as the monoglucoslde (I), 
the monoglucuromde (F) and m the total glycosldes 
belongmg to each series 

Incorporation of radloactlvlty Into these com- 
pounds after admunstratlon of [3-‘HI-oleanohc acid IS 
presented m Fig 1 

Oleanohc acid was effectively absorbed by the 
flowers The radloactlvlty m oleanohc acid decreased 
contmually during the experiment The radloactlvlty 
was mcorporated mto all glycosldes of series I and II 
and increased durmg the perrod of the experiment 
On the other hand m glycosldes F and I, 1 e. m the 

precursors of both series, radloactlvlty was mam- 
tamed at more or less the same level However, m I It 
was much higher than m F This mdlcates contmuous 
glycosylatlon of oleanohc acid proceedmg at a steady 
rate. Glycosldes of series II were labelled three-four- 
fold more than the glycosldes of series I The 
radloactlvity incorporated into glycosldes of series II 
was lower than that mcorporated mto theu precursor 
(I), on the other hand, glycosldes of series I were 
more labelled than their precursor (F) Since the total 
radloactlvlty mcorporated mto the glycosldes does 
not compensate for the decrease of radroactlvlty m 
free oleanohc acid it 1s possible, that some 10% of the 
oleanohc acid undergoes degradation or transfor- 
matlon 

Incorporation of radloactlvlty mto different gly- 
cosides of oleanohc acid after admimstratlon of the 
3-0-monoglucoslde IS presented m Fig 2 

Durmg all the periods mvestlgated a decrease was 
observed m the radloactlvlty of the admrnlstrated 
precursor, 1.e m glucoslde I Simultaneously, the 
radloactlvlty m oleanohc acid Increased markedly and 
after 8 hr It exceeded that m glycoslde I This m- 
dlcates that admuustrated precursor 1s extensively 
hydrolysed to free oleanohc acid The process of 
glycosylatlon of glucoslde I proceeds at a much lower 
rate than the process of Its hydrolysis, berng most 
extensive during the first 2 hr Subsequently, the 
radloacttvlty present m glycosldes of series II was 
constant which 1s slmllar to the situation m these 
glycosldes after admmlstratlon of free oleanohc acid 
(Fig 1) Glucuromde F and Its derivatives, 1 e 
glucosldes of series I, are labelled less than gly- 
cosldes of series II Glucuromde F 1s less labelled 
than other compounds of this series which 1s slmdar 
to the results obtamed after admmlstratton of free 
oleanolic acid 

Changes m the radloactlvlty of different oleanohc 
acid glycosldes after admuustratlon of radloactlve 
3-0-monoglucuromde are presented m Fig 3 
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Fig 1 Radloactivlty incorporated mto free oleanolic acid 
( x ), glucoslde I (0), glycosldes of series II (denvatives of I) 
(El), glucuromde F (0) and glycosldes of series I (derivatives 

of F) (W) after admlmstratlon of [3-‘HI-oleanohc acid 

As m the case of admmlstratton of both previous 
precursors the radloacfivlty of precursor glucurontde 
F decreased However, its decline was lower than 
that observed when free oleanohc acrd and glucoslde 
I was used as precursors This mdlcates that the two 
first precursors are either metabolically more active 
or better absorbed compounds than glucuromde F In 
the flowers glucurotude F was metabohzed mostly to 
glycbsldes of series I This process proceeded faster 
during the first 6 hr, and then stabdlzed after 8 hr The 
hydrolysis of glucuromde F to free oleanohc acid 
proceeded m parallel to glycosldatlon to derivatives 
of series I This process 1s slower than both the 
hydrolysis of I and also the process of glycosylation 
to series I The radloactlvlty m oleanohc acid m- 
creased for 6hr but subsequently It stabdlzed, sug- 
gesting the partial utdizatlon of oleanohc acid for the 
synthesis of glycosldes of series II Labelhng of 
glucoslde I and its derivatives remained at a low 
level, but contmually increased during the experi- 
ment 

The present results on the dynamics of labelhng of 
oleanohc acid glycosldes m marigold hgulate flowers 
after admuustratlon of three precursors indicate the 
followmg conclusions Llgulate Culendula oficmahs 
flowers are able to absorb and metabohze all three 
precursors From administrated precursors free 
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Fig 2 Radloactlvity mcorporated mto free oleanollc acid 
( x ), glucoslde I (0), glycosldes of senes II (O), glucuromde 
F (0) and glycosldes of series I (m) after admuustratlon of 

glucoslde I 
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Fig 3 Radloactlvlty incorporated mto free oleanok acid 
( x ), glucoslde I (0) glycosldes of senes II (Cl), glucuromde 
F (0) and glycosldes of series I (m) after admmlstratlon of 

glucuromde F 
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oleanollc actd and all glycostdes are formed but 
different rates of mdtvrdual reacttons are observed 

The administrated oleanohc actd undergoes gly- 
cosylatton to both monoglycosrdes (I and F), I e to 
precursors of both series The glycosylatton of 
oleanohc acid to glucosrde I predommates over that 
of glucuromde F Each of the monoglycostdes 1s 
further glycosylated to members of its own series and 
the rate of the reacuon increases during the pertod of 
the experiment The fact that glycostdes are more 
extensively labelled than the glucuromdes, m spite of 
theu smaller quanttty, confirms the results obtained 
for leaves of marigold by Jamszowska [l] and m- 
dtcates faster metabolism of glycostdes of series II in 
compartson to metabohsm of glycostdes of series I If 
the precursor admuustered to flowers was glucostde I, 
very rapid hydrolyses was observed Its hydrolysis 
dominated over its further glycosylatton to glycostdes 
of series II By analogy to the admmistratron of 
oleanohc acid, the level of syntheses of glycostdes of 
series I was low 

After admunstratton of glucuromde F as precursor, 
its hydrolyses was also observed However, thts 
process was less extensive than hydrolysis of 

glucostde I. When mflorescences were used as the 
experimental material, faster hydrolysis of F was 
observed in the mvolucre, probably as the result of 
higher acttvrty of the appropriate glycostdase 

The results obtained allow the quanhtattve deter- 
mmatron of the processes occurrmg m flowers after 
admmlstratton of precursors The metabolism of gly- 
cosylahon to glycostdes of the opposite series must 
proceed after hydrolysis to oleanohc acid The rate of 
glycosylatron of oleanohc acid dominates over its 
glucuromdatton Addition of glucose or glucuromc 
acid determines the sequence of further glycosylatton 
steps to yield other glycostdes 

EXPERIMENTAL 
Logulate flowers of Calendula oficmahs var Radio were 

used for investigation All procedures of extraction, m- 
cubatlon and chromatography were the same as described m 
previous work 
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