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Abstract—In Calendula officinalis inflorescences admimmstrated [3-’H]oleanolic acid derivatives, 1e the
3-O-monoglucoside and 3-O-monoglucuromde were assembled and their metabolism and transport from
involucre to flowers was demonstrated Besides the effective glycosylation to derivatives of its own series,
each of the administrated precursors undergoes hydrolysis to give free oleanolic acid and then glycosylation to

yield denivatives of the other series

INTRODUCTION

Our earhier work reported the locahization, structure
and biosynthesis of oleanolic acid glycosides in
Calendula officinalis[1-3] Two series of these com-
pounds, namely, derivatives of oleanolic acid 3-O-
glucoside (I) and oleanolic acid 3-O-glucuromde (F)
have been found In the shoots and flowers the fol-
lowing compounds are present 3-O-[gal(1— 4)glc]-
oleanolic acid (II), 3-O-[gal-gal(1— 4)gic]-oleanolic
acid (I11), 3-O-[gal-gal(1 = 4)glc-1, glc—glc(1 - 3)gle-1]-
oleanolic acid (VI), 3-O-[gal(1->4)glc-1, glc-glc-
glc(1 »3)glc-11-oleanolic acid (VID), 3-O-fgal(l—>
3)glur]-oleanohic acid (D), 3-O-[gal(1-> 3)glur]-28-0O-
glc-oleanolic acid (C), 3-O-[glc(l1>4)glur, gal(l—
3)glurl-oleanolic acid (B) and 3-O-[gal(1-4)glur,
gal(1 - 3)glur]-28-O-glc-oleanolic acid (A)

Using [1-"“Clacetate[2] and "*CO,[3] the sequence
of biosynthesis of both series of glycosides in shoots
was investigated

Since the largest quantity of oleanolic acid gly-
cosides accumulates 1n hgulate flowers (2% of
oleanolic acid by dry wt) an investigation of their
brosynthesis in inflorescences was undertaken using
as precursors the radioactive oleanolic acid mono-
glycosides belonging to both senes, 1. 3-O-glucoside
and 3-O-glucuromde

Oleanolic acid

Scheme 1

RESULTS AND DISCUSSION

The radioactive precursors were admnistrated to
mangold inflorescences and subsequently the
radioactivity was determined in the free oleanolic
acid, the unused precursor and the total giycosides of
each series Radioactive oleanolic acid 3-O-glucoside
was admimstrated for 4, 6 and 8 hr and after the
selected time the flowers and involucre were analysed
separately The mixture of glycosides was separated
by TLC, vielding 1n order of increasing polanty free
oleanolic acid, glycosides of series II, glycosides VII
and F and glycosides of series I Subsequently gly-
cosides 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 radioac-
tivity incorporated after administration of the 3-O-
glucoside 1s presented 1n Table 1

Radioactivity was found not only in administrated
precursor and 1its derivatives, 1.e glycosides of series
II, but also 1n free oleanolic acid and in glycosides of
series [. This result indicated that glucoside I was not
only glycosylated to yield derivatives of series II but
1t was also hydrolysed to give free oleanolic acid and
then transformed to glycosides of series I The total
radioactivity of oleanolic acid derivatives incor-
porated into mvolucres was at a maximum after 4 hr
and then decreased This result suggests that a
radioactive precursor absorbed by the inflorescence 1s
transported from the involucre to the flowers In the
flowers total radioactivity increased continually up to
the end of the experiment attaining, after 8 hr, 74% of
the total radicactivity

In the involucre radioactivity of glucoside I pre-
cursor and its derivatives also attammed a maximal
level after 4hr. Radioactivity 1n oleanolic acid
reached a peak after 6 hr, which suggested that the
process of hydrolysis of glucoside I was delayed in
relation to the process of its glycosylation The
presence of radioactivity in glucuromdes after 4 hr
suggested the glucuronidation of free oleanolic
acid The further decrease of their radiocactivity in-
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Table 1 Incorporation of oleanolic acid 3-O-glucoside (I) into compounds by the inflores-
cences of Calendula officinaiis
Time of incubation (hr)
4 6 8
Compound mv * fl mv fi nv fl
Free oleanohc acid 352% 221 354 190 62 71
Glucoside T 274 47 72 199 57 219
Glycosides of series II 790 16 6 173 138 49 197
Glycosides of series I 69 31 140 80 16 24
*mmv , Involucre, fl, flowers
+nMol oleanolic acid/g fr wt
dicated the possibility of transport of these com- compound and in other glycosides of senes I, but also

pounds into the flowers

In flowers the radioactivity of glucoside I con-
tinually increased, thus suggesting its active transport
from the involucre The radioactivity present 1n its
derivatives (series II), also increased and at the start
of the experiment was higher than that of the pre-
cursor These results indicate that glycosides of series
II may be the transport form from involucre to
flowers The radioactivity in free oleanohic acid
decreased continually during the experiment but the
labelling of the glucuromdes reached a peak after
6hr. On the basis of these results it s difficult to
decide whether free oleanolic acid 1s transported
from the mnvolucre to the flowers or if 1t 1s formed n
the flowers as a consequence of hydrolysis of
glucoside 1

The dynamacs of incorporation of radioactivity mto
different glycosides fractions, using 3-O-glucuromde
(F) as the precursor, was investigated after 2, 4 and
8hr In contrast to the previous results with the
3-O-glucoside as the precursor, the first sampling time
was at 2hr and the 6hr sample was omitted The
results are presented in Table 2

After admunistrating the 3-O-glucuronide a con-
tinous increase 1n radioactivity m both parts of the
inflorescences was observed However the radioac-
tivity incorporated into the flowers was lower than
that incorporated nto the involucre in the same time
In the involucre, radioactivity 1incorporated as
glucuromde F after 2 hr, was present not only 1n this

n glyc051des of sertes II and particularly in free
oleanolic acid (nearly 40% of the total) This indicated
that 1in the involucre glucuronide F was hydrolysed
better than glycoside I and that the process of
hydrolysis of glucuromde F dominated the process of
its glycosylation to the glycosides of series I

Radioactivity incorporated mto free oleanolic acid
reached a peak at 4 hr and subsequently decreased,
probably as the result of its transformation into gly-
cosides of both series in which the radioactivity con-
tinually increased Radioactivity in the admimistrated
glycoside F decreased at the beginning of the
experiment presumably as the result of increased
hydrolysis It then rapidly increased, probably as a
result of a slowing down of the processes of
hydrolysis and glycosylation This result shows that
the rate of hydrolysis of the 3-O-glucuromide 1s espe-
cially higher at the beginning of the experiment

In the flowers, after administration of glycoside F
to the inflorescences most of the radicactivity (85%)
was m free oleanolic acid after 2 hr, whereas the total
amount of radioactivity in both series of glycosides
was low This result suggested that oleanolic acid can
be transported from the involucre to the flowers as
the free compound and then transformed into gly-
cosides of both series in the flowers This conclusion
was also supported by the increased level of radioac-
tivity observed in oleanolic acid It was interesting to
note that in the nvolucre as well as 1n the flowers a
delay occurred in the biosynthesis of glycosides of

Table 2 Incorporation of oleanolic acid 3-O-glucuronide into compounds by inflores-
cences of Calendula officinahs

Time of incubation (hr)

2 4 8
Compound my * fl mv fi mv fl
Free oleanolic acid 7 6% 45 133 06 82 09
Glucuronide F 46 03 36 03 140 16
Glycosides of series I 48 01 55 06 122 06
Glycosides of series 11 32 04 109 11 204 35

*1nv , Involucre, fi, lowers
t nMol oleanolic acid/g fr wt
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sertes [ in comparison to glycosides of series I, in
spite of admmstration of the direct precursor
glucuromde of glycosides of series I This result did
not indicate the transport of glucuronide F from
mvolucre to flowers and did not exclude the transport
of glycosides of series 11

Analysis and comparison of the results of mcor-
poration of 3-O-monoglucoside (I) and 3-O-mono-
glucuromide (F) by marnigold nflorescences indicate
the following conclusions

The 3-O-glucoside 1s absorbed and metabohzed in
inflorescences better than the 3-O-glucuromde After
admimstration of both precursors to inflorescences
the incorporation of radioactivity into free oleanolic
acid and 1nto glycosides of both series was observed
in mvolucres as well as in the flowers Glucoside I 1s
primarily glycosylated to derivatives of 1its series and
to a lesser extent hydrolysed to free oleanolic acid in
involucres and flowers Glucuromde F 1s more
effectively hydrolysed to free oleanolic acid than
glycosylated to derivatives of its series In addition to
effective glycosylation to derivatives of its series
each of the admimistrated precursors undergoes gly-
cosylation to derivatives of the opposite sertes This
indicates that formation of the opposite series of
glycosides proceeds after hydrolysis of precursor to
free oleanolic acid Radioactive compounds are
translocated from involucre to flowers The transport
form can be free oleanolic acid or glucosides of series
II.

EXPERIMENTAL

Preparation of radwactwe precursors [3-'H]Oleanclic
acid was obtamed by reduction of 3-keto oleanohic acid with

NaB’H, The 3-O-glucoside was synthesized by reaction of
tetra-acetylbromide glucose with radioactive oleanolic
acid[4], whereas the 3-O-glucuromide was obtamed by reac-
tion of the acetylbromide of glucuronic acid with radioactive
oleabolic acid using shghtly modified conditions The 3-O-
glucoside had a sp act of 25x10°cpm/mg and the 3-O-
glucuronide had a sp act of 9 x 10° cpm/mg

Admunstration of radioactive precursors and fractiona-
tion of plant maternial The soln of radioactive precursor in
5% EtOH-H,0 was administrated to marigold inflorescences
through the stems after 2, 4, 6 and 8 hr Subsequently
inflorescences were separated into mvolucres and flowers
and each part was analysed separately Individual parts were
ground with dry Na,SO. and extracted twice with cotd
MeOH and twice with hot MeOH To the methoanolhc
extract one-third vol of H,O was added, the MeOH was
distilled and the aq residue was extracted x 4 with n-BuOH
to obtamn the crude fraction of glycosides

Preparative chromatography The crude glycosides were
separated by TLC on Kieselgel G-60 (Merck) with the
solvent system CHCl;-MeOH-H,O (61 32 7) Individual
compounds were purified in systems described earher[3]

Radioactivity measurement Radioactivity of eluted
compounds was measured 1n toluene-based scintillator at an
efficiency of 48%
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