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Abstract—The radioactive precursor, [3-*H]}oleanolic acid-3-0-mono-['*C]glucoside was administrated to isolated
cells obtained from the leaves of Calendula officinalis. The radioactivity of the precursor was incorporated into fractions
containing free oleanolic acid, individual glucosides, glucuronide F and other glucuronides. The ratio of *H:*C
radioactivity in these fractions indicated that glucosides were formed in a process involving direct glycosylation of the
precursor, whereas the glucuronides were formed from oleanolic acid released by hydrolysis of the precursor. Dynamics
curves showed that glucoside II formed by direct glycosylation of the precursor was intensively transformed to other

derivatives,

INTRODUCTION

From the previous work [ 1, 2] on the labelling dynamics
of oleanolic acid glycosides belonging to series I and IT in
Calendula officinalis (marigold) flowers after adminis-
tration of the 3-O-monoglucoside (a precursor of series IT)
and the 3-O-monoglucuronide {precursor of series I) of
oleanolic acid, it was evident that glycosylation to yield
the glycoside of the opposite series must proceed after
hydrolysis of supplied precursor to oleanolic acid.
However, it was not elucidated to what extent the supplied
monoglycoside is transformed into derivatives of its own
series and how much is synthesized from free oleanolic
acid. The resolution of this problem was the aim of the
present investigation using the cells from the leaves of
Calendula officinalis instead of ligulate flowers. The
flowers of Calendula officinalis are not the best experimen-
tal material due to the fact that some oleanolic acid
glycosides appear in the flowers as the result of their
transportation from the shoots. Our preliminary investi-
gation [3] showed that after administration of radioactive
acetate free oleanolic acid and both series of its glycosides
were well labelled in isolated marigold cells. As the
precursor in the present study the [3-*H]oleanolic acid-3-
O-mono-{1*C]glucoside was used. It was expected that
examination of the >H:'*C ratio in the glycoside derivat-
ives would allow a correlation between glycosylation and
hydrolysis of administrated precursor.

RESULTS AND DISCUSSION

As a first step in the present work the quantity of
oleanolic acid, both free and bound in monoglucoside 1,
glucoside VII, other glucosides and glucuronides, was
determined. The results are presented in Table 1. They
confirmed earlier results [3] showing that the quantity of
glucuronides was more than twice the quantity of
glucosides.

1n some of our previous investigations [4, 5] we found
that different triterpene compounds could be partially

Table 1. The quantities of free oleanolic

acid and oleanolic acid bound in glucosides

and glucuronides in cells (10 g) 1solated
from the leaves of Calendula officinalis

Oleanolic acid

Fraction ug %
Free oleanolic acid 14.8 84
Glucoside 1 79 45
Glucoside VII 6.8 38
Other glucosides 357 20.1
Total in glucosides 504 284
Glucuronide F 159 9.0
Other glucuronides 96.2 54.5
Total in glucuronides  112.1 63.2
Total in all fractions 1773 1000

destroyed during the TLC on silica gel and hydrolysis
procedures. In the same manner TLC separation of
oleanolic acid glycosides gave some interfering com-
pounds showing similar R, values. About 9% of tritium
and 89, of carbon radioactivity were located in these
artefacts as shown in Table 2.

The major part of the tritium radioactivity was found at
the level of oleanolic acid due to non-enzymatic hydrolysis
of the precursor. The radioactivity due to carbon which
was located on the level of oleanolic acid and glycosides of
both series must arise from degradation of the sugar
moiety of the administrated precursor. It corresponds to
the quantity of freed oleanolic acid. In further exper-
iments this amount of radioactivity was considered as the
control level.

The principle experiments were connected with the
labelling dynamics of different glycoside fractions. The
amount of radioactivity was determined for all individual
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Table 2. Radioactivity in the artefacts formed during TLC of
the 3-0-[**C]glucoside of [3-*H]oleanolic acid and their lo-
cation at the R values of oleanolic acid and its glycosides.

14C 3H

Band cpm % cpm %
Glucoside 1

Starting material 69504 920 130111 910
Oleanolic acid 2410 31 9490 70
Glucosides

1L, IT1, VI, VII 1102 1.5 1714 1.2
Glucuronides 2584 34 1181 0.8
Total 75600 1000 142496 1000

Radioactivity apphed to TLC plate: '4C—84000 cpm; *H—
157 200 cpm.
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Fig. 1. Thedynamics of incorporation of [®H] radioactivity into
oleanolic acid and its glycosides after incubation with the 3-0-
[14C]gtucoside of [3-*H] oleanolic acid.

glucosides, glucuronide F and for the total other glucuro-
nides. The results presenting incorporation of tritium
radioactivity into both series of glycosides are shown in
Fig. 1. Tritium radioactivity of administrated precursor
(glucoside I) decreased constantly during the experiment.
The process of precursor hydrolysis to [3-*H]oleanolic
acid and [!*C]glucose is responsibie for this decrease.
Hence, as was expected, the radioactivity in free oleanolic
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acid increased accordingly. The total tritium radioactivity
in glucosides increased, but at a higher rate from 4 to 6 hr
than from 6 to 8 hr. In glucoside II (3-O-[gal(1 - 4)gic]-
oleanolic acid), the derivative of glucoside 1, in radioac-
tivity increased up to 6 hr and then decreased, reaching
after 8 hr a lower level than after 4 hr. This showed that
giucoside IT was actively metabolized to successive deriva-
tives, i.e. glucoside IIT (3-O-{gal-gal(1 — 4)gic]-oleanolic
acid) and glucoside VII (3-O-{gal(l — 4)glc-1,glc-glc-
glc(1 - 3)glc-1]-oleanolic acid [6]. The radioactivity in
glucoside III increased 1.3 times during 8 hr, but a much
higher increase was observed in its derivative, glucoside VI
(3-O-[gal-gal(1 -» 4)glc-1,glc-gle(1 — 3)glc-1]-oleanclic
acid), into which three-fold more radioactivity was in-
corporated after 8 hr than after 4 hr. Giucoside V1 is the
‘transport glucoside’ which in the marigold plant 15
transported from leaves to roots [ 7]. Synthesis in isolated
cells from the leaf is hence very intensive and because
isolated cells have no possibility of transportation of their
metabolites, glucoside VI is accumulated in them. The
amount of tritium radioactivity in all glucuronides (A, B,
C, D) except F increased constantly. In glucuronide F
radioactivity decreased 1.2 times during the course of the
experiment.

The incorporation of carbon radioactivity into both
series of glycosides is shown in Fig. 2. The labelling curves
for the administered precursor, total glucosides and
individual glucosides were very similar to those observed
with tritium radioactivity and they confirmed our con-
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Fig. 2. The dynamics of mcorporation of [**C] radioactivity
into the glycosides of oleanolic acid after ncubation with the 3-0-
[**Clglucoside of [3-H] oleanolic acid.



Oleanolic acid glycosides 1n Calendula officinalis

Table 3. Changes in the 3H: !*C ratios in the fractions of
free oleanolic acid and its glycosides obtained from the

1solated cells after incubation with the 3-O-
[4Clglucoside of [3-*H]oleanolic acid.
3H:14C ratio

Fraction 4hr 6hr 8hr
Oleanolic acid — — —
Glucoside 1 1087 1089 10.89
Glucoside II 1087 1080 1123
Glucoside II1 1055 1060 11.11
Glucoside VI 1033 1048 1088
Glucoside VII 1037 1050 10.86
Mean 1n glucosides 1060 1065 11.03
Glucuronide F 3335 4007 4420
Glucuronides A, B, C,D 32,10 3886 43.72
Average 1n glucuronides 3252 3930 4383

clusions drawn from the tritium radioactivity results. The
total carbon radioactivity of glucuronides was constant,
whereas radioactivity in glucuronide F decreased rapidly.
The different profiles of the tritium and carbon radioac-
tivity curves for the glucuronides changes the 3H:'4C
ratios in these compounds. The *H:*4C ratio in different
glycoside fractions is shown in Table 3.

The unchanged 3H:'*C ratios in the glucosides in
comparison to the administered precursor proves that
glucosides are formed in isolated cells by the pathway of
direct glycosylation of the precursor. The *H: *C ratio in
glucuronides was much higher and increased during
incubation. This shows that glucuronides are synthesized
by secondary glycosylation of oleanolic acid freed during
hydrolysis of the precursor. [!*C]Glucuronic acid is
formed from ['*C]glucose but the radioactive material is
considerably diluted by endogenous glucuronic acid.

Our results allow us to draw the following conclusions.
[3-*H]Oleanolic acid-3-0-mono-['*C]glucoside is effec-
tively absorbed and metabolized by isolated cells from
Calendula officinalis leaves. Hydrolysis of the precursor
gives [3-*H]oleanolic acid and [!*C]glucose while direct
glycosylation of precursor yields glucosides II, I1I, VI and
VII. The free oleanolic acid undergoes subsequent glyco-
sylation to produce glucuronides. [**C]Glucose freed
during hydrolysis of the precursor can be used after
oxidation to [**CJglucuronic acid or epimerization to
[**C]galactose for further glycosylation reactions.
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EXPERIMENTAL

Isolation of cells. This procedure and conditions of adminis-
tration of precursor were described previously [8].

Isolation of oleanolic acid and us glycosides and their quantitat-
ive determination in isolated cells. Compounds were separated by
TLC as described earlier [6] and their quantity was determined
by measurement of oleanolic acid by GLC on an SE-30 column.

Preparation of the radioactive precursor. The 3-O0-
[**Clglucoside of [3->H]oleanolic acid was synthesized by
reaction of tetraacetylbromide ['*C]glucose with [3-
*H]oleanolic acid [9]. The obtained precursor had a specific
activity of *#C 0.27 mCi/mmol and *H 2.93 mCi/mmol. The ratio
of 3H:'*C was 10.85.

Administration of the radioactive precursor. The soln of radio-
active precursor in 5 %, EtOH-H,0 was admimistrated to isolated
cells of marigold leaves for 4, 6 and 8 hr.

Extraction and preparative chromatography. The crude fraction
of oleanolic acid and its glycosides was obtained by extraction of
cells several times with hot MeOH. The crude fraction was
purified and separated into individual compounds by TLC in
systems described earlier [6].

Radioactivity measurement. The radioactivity of compounds
was measured 1 a scintillation counter and calculated by the use
of simultaneous equations as 1n Gilbert’s method adapted to two
beta-emutters (*H and '*C) [10].

REFERENCES

1 Ciborowski, P, Wukomrski, B, Zdrojewski, W and
Kasprzyk, Z. (1983) Phytochemustry 22, 107.

2. Szyja, W., Witkomirski, B. and Kasprzyk, Z. (1983)
Phytochemustry 22, 111.

3. Kasprzyk, Z. and Auguscniska, E. (1983) Wissen. Zeit. EM A-
Univers. Greifswald 32, 107.

4. Kasprzyk, Z. and Wojciechowski, Z. (1968) Roczniki Chemii
42, 1463.

5. Wutkomurski, B. and Kasprzyk, Z (1981) 9th Conference on
Isoprenoids. Abstract of papers p. 18.

6. Kasprzyk, Z., Janiszowska, W. and Sobczyk, E. (1973) Acta
Bioclhum. Polon. 20, 231.

7. Jamszowska, W. and Kasprzyk, Z. (1974) Acta Biochim.
Polon. 21, 415.

8 Augusciiska, E. and Kasprzyk, Z. (1982) Acta Biochim.
Polon. 29, 7.

9. Janiszowska, W., Witkomirski, B and Kasprzyk, Z. (1980)
Pol J. Chem. 84, 2147.

10. Fox, B. W. (1976)Techmgques of Sample Preparation for Liquid
Scintillation Counting in  Laboratory Techniques 1n
Biochemistry and Molecular Biology, Vol. V, 226-227. North-
Holland, Amsterdam.



