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Abstract-h Calendula o~c~nalw mflorescences admlmstrated [3-3H]oleanolic acid denvatlves, 1 e the 
3-0-monogluconde and 3-0-monoglucuromde were assembled and thev metabolism and transport from 
mvolucre to flowers was demonstrated Besides the effective glycosylation to derlvatlves of Its own series, 
each of the administrated precursors undergoes hydrolysis to give free oleanolrc acid and then glycosylatlon to 
yield derlvatlves of the other series 

INTRODUCTION 

Our earher work reported the localization, structure 
and biosynthesis of oleanohc acid glycosides in 
Calendula oficmahs [l-3] Two series of these com- 
pounds, namely, derivatives of oleanolic acid 3-O- 
glucoslde (I) and oleanohc acid 3-O-glucuromde (F) 
have been found In the shoots and flowers the fol- 
lowing compounds are present 3-O-[gal(l + 4)glc]- 
oleanohc acid (II), 3-0-[gal-gal( 1 + 4)glc]-oleanohc 
acid (III), 3-0-[gal-gal( 1 + 4)glc- 1, glc-glc( 1 + 3)glc-l]- 
oleanohc acid (VI), 3-O-[gal( 1+4)glc-1, glc-glc- 
glc(l+3)glc-l]-oleanohc acid (VII), 3-O-[gal(l + 
3)glur]-oleanohc acid (D), 3-0-[gal( 1 + 3)glur]-28-0- 
glc-oleanohc acid (C), 3-0-[glc( 1 + 4)glur, gal( l--, 
3)glur]-oleanohc acid (B) and 3-O-[gal( 1 + 4)glur, 
gal(1 + 3)glur]-28-O-glc-oleanohc acid (A) 

Using [ 1-?Jacetate 121 and ‘?.J02 [3] the sequence 
of biosynthesis of both series of glycosldes m shoots 
was Investigated 

Since the largest quantity of oleanohc acid gly- 
cosides accumulates m l&ate flowers (2% of 
oleanohc acid by dry wt) an mvestigation of their 
biosynthesis m mtlorescences was undertaken usmg 
as precursors the radioactive oleanolic acid mono- 
glycosldes belongmg to both senes, 1.e 3-0-glucoslde 
and 3-0-glucuromde 

Oleanollc acld 
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Scheme 1 

RESULTS AND DISCUSSION 

The radioactive precursors were administrated to 
marigold mflorescences and subsequently the 
radioactivity was determmed m the free oleanohc 
acid, the unused precursor and the total glycosldes of 
each series Radioactlve oleanohc acid 3-0-glucoslde 
was admmlstrated for 4, 6 and 8 hr and after the 
selected time the flowers and mvolucre were analysed 
separately The mixture of glycosldes was separated 
by TLC, yielding m order of increasing polarity free 
oleanolic acid, glycosldes of series II, glycosldes VII 
and F and glycosldes of series I Subsequently gly- 
cosldes VII and F were separated (solvent system. 
ethyl acetate-acetic acid-water, 3 3 1) and added to 
the compounds of the respective series The radloac- 
tlvlty incorporated after admirustratlon of the 3-0- 
glucoslde 1s presented in Table 1 

Radioactivity was found not only m admuustrated 
precursor and its derivatives, 1.e glycosldes of senes 
II, but also m free oleanohc acid and m glycosldes of 
series I. This result indicated that glucoslde I was not 
only glycosylated to yield denvatlves of series II but 
it was also hydrolysed to give free oleanohc acid and 
then transformed to glycosldes of series I The total 
radioactivity of oleanohc acid derlvatlves mcor- 
porated mto mvolucres was at a maximum after 4 hr 
and then decreased This result suggests that a 
radioactive precursor absorbed by the mflorescence 1s 
transported from the involucre to the flowers In the 
flowers total radioactivIty increased contmually up to 
the end of the experiment attammg, after 8 hr, 74% of 
the total radioactivity 

In the mvolucre radioactlvlty of glucoslde I pre- 
cursor and its derivatives also attamed a maxlmal 
level after 4 hr. Radioactivity m oleanohc acid 
reached a peak after 6h1, which suggested that the 
process of hydrolysis of glucoslde I was delayed m 
relatton to the process of Its glycosylatlon The 
presence of radloactlvlty in glucuromdes after 4 hr 
suggested the glucuronidatlon of free oleanolic 
acid The further decrease of their radloactlvlty m- 
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Table 1 Incorporation of oleanohc acid 3-0-glucoside (I) into compounds by the inflores- 
cences of CaIendula ojicmahs 

Time of mcubatlon (hr) 

4 6 8 
Compound inv * fl inv fl mv fl 

Free oleanohc acid 35 2t 22 1 35 4 190 62 71 
Glucoslde I 27 4 41 72 19 9 57 219 
Glycosldes of series II 79 0 166 17 3 138 49 197 
Glycosides of senes I 69 31 140 80 16 24 

Table 2 IncorporatIon of oleanohc acid 3-0-glucuromde into compounds by mflores- 
cences of Calendula ofianahs 

*mv , Involucre, fl , flowers 
tnMol oleanohc acid/g fr wt 

dlcated the possibility of transport of these com- 
pounds mto the flowers 

In flowers the radloactlvlty of glucoslde I con- 
tinually increased, thus suggestmg its active transport 
from the mvolucre The radloactlvlty present in Its 
derlvatlves (series II), also Increased and at the start 
of the experiment was higher than that of the pre- 
cursor These results mdlcate that glycosldes of senes 
II may be the transport form from mvolucre to 
flowers The radloactivlty m free oleanohc acid 
decreased contmually durmg the experiment but the 
labellmg of the glucuromdes reached a peak after 
6 hr. On the basis of these results It IS dticult to 
decide whether free oleanohc acid 1s transported 
from the mvolucre to the flowers or d It IS formed m 
the flowers as a consequence of hydrolysis of 
glucoslde I 

The dynamics of mcorporatlon of radloactlvlty mto 
different glycosldes fractions, using 3-0-glucuromde 
(F) as the precursor, was investigated after 2, 4 and 
8 hr In contrast to the previous results with the 
3-0-glucoslde as the precursor, the first samphng time 
was at 2 hr and the 6 hr sample was omitted The 
results are presented in Table 2 

After admmistratmg the 3-O-glucuronide a con- 
tmous increase m radloactlvlty m both parts of the 
mflorescences was observed However the radloac- 
tlvlty mcorporated mto the flowers was lower than 
that incorporated mto the mvolucre in the same time 
In the mvolucre, radloactlvlty incorporated as 
glucuromde F after 2 hr, was present not only m ttus 

compound and in other glycosldes of series I, but also 
in glycosldes of series II and particularly m free 
oleanohc acid (nearly 40% of the total) This indicated 
that m the mvolucre glucurolllde F was hydrolysed 
better than glycoslde I and that the process of 
hydrolysis of glucuromde F dominated the process of 
Its glycosylatlon to the glycosldes of series I 

Radloactlvlty mcorporated into free oleanohc acid 
reached a peak at 4 hr and subsequently decreased, 
probably as the result of its transformation mto gly- 
cosldes of both series m which the radioactlvlty con- 
tinually increased Radloactlvlty in the administrated 
glycoslde F decreased at the beginning of the 
experiment presumably as the result of mcreased 
hydrolysis It then rapidly increased, probably as a 
result of a slowmg down of the processes of 
hydrolysis and glycosylatlon Tlus result shows that 
the rate of hydrolysis of the 3-0-glucuromde IS espe- 
clally higher at the beginning of the experiment 

In the flowers, after admmlstratlon of glycoslde F 
to the mflorescences most of the radloactlvlty (85%) 
was m free oleanohc acid after 2 hr, whereas the total 
amount of radloactlvlty m both series of glycosides 
was low Tlus result suggested that oleanohc acid can 
be transported from the mvolucre to the flowers as 
the free compound and then transformed mto gly- 
cosldes of both series m the flowers This conclusion 
was also supported by the increased level of radioac- 
tlvlty observed in oleanolic acid It was interesting to 
note that m the mvolucre as well as m the flowers a 
delay occurred m the blosynthesls of glycosldes of 

Compound 

Time of mcubatlon (hr) 
2 4 8 

mv * fl mv fl mv fl 

Free oleanohc acid 7 6t 45 13 3 06 82 09 
Glucuromde F 46 03 36 03 140 16 
Glycosldes of series I 48 01 55 06 12 2 06 
Glycosides of series II 32 04 10 9 11 20 4 35 

* mv , Involucre, fl , Bowers 
t nMo1 oleanohc acid/g fr wt 



series I m comparison to glycosldes of series II, in NaB”H4 The 3-0-glucoside was synthesized by reaction of 
spite of admuustratlon of the direct precursor tetra-acetylbrormde glucose with radIoactive oleanohc 
glucuromde of glycosldes of series I This result did acid[4], whereas the 3-0-glucuromde was obtamed by reac- 
not indicate the transport of glucuromde F from tion of the acetylbronude of glucuromc acid with radIoactive 
mvolucre to flowers and did not exclude the transport oleabohc acid using slightly moddied condltlons The 3-0- 
of glycosldes of series II glucoside had a sp act of 2 5 x lo5 cpmlmg and the 3-0- 

Analysis and comparison of the results of mcor- glucuromde had a sp act of 9 x lo5 cpm/mg 
poration of 3-0-monoglucoslde (I) and 3-O-mono- Admmrstratlon of radloacttve precursors and fractIona- 
glucuromde (F) by mangold mtlorescences mdlcate tlon of plant matenal The soln of radioactive precursor m 
the followmg conclusions 5% EtOH-Hz0 was admuustrated to marigold mflorescences 

The 3-0-glucoslde 1s absorbed and metabolized in through the stems after 2, 4, 6 and 8 hr Subsequently 
mflorescences better than the 3-0-glucuromde After mflorescences were separated mto mvolucres and flowers 
admuustratlon of both precursors to mflorescences and each part was analysed separately Individual parts were 
the mcorporatlon of radloactlvlty into free oleanohc ground with dry NatSOd and extracted twice with cold 
acid and into glycosldes of both series was observed MeOH and twice with hot MeOH To the methoanohc 
m mvolucres as well as m the flowers Glucoslde I 1s extract one-third vol of H20 was added, the MeOH was 
prlmardy glycosylated to derivatives of its series and chshlled and the aq residue was extracted x 4 with n-BuOH 
to a lesser extent hydrolysed to free oleanohc acid m to obtam the crude fraction of glycosldes 
mvolucres and flowers Glucuromde F IS more Preparatloe chromatography The crude glycosldes were 
effectively hydrolysed to free oleanohc acid than separated by TLC on Kleselgel G-60 (Merck) w&h the 
glycosylated to derlvatlves of its series In addltlon to solvent system CHCl,MeOH-Hz0 (61 32 7) Individual 
effective glycosylatlon to derivatives of its series compounds were punfied In systems described earher [3] 
each of the admuustrated precursors undergoes gly- Radloactwtty measurement Radioactivity of eluted 
cosylatlon to derivatives of the opposite series This compounds was measured m toluene-based scmtillator at an 
indicates that formation of the opposite series of etliclency of 48% 
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