Biochemical Pharmacology, Vol. 26. pp. 2113-2116. Pergamon Press. 1977, Printed in Great Britain,

CELLS FROM RAT MARROW: SENSITIVITY TO EFFECTS
OF CERTAIN PENTACYCLIC TRITERPENOIDS*

MIKHAIL M. ANISIMOV, NINA (. PROKOFIEVA, LYUuBov 1. STRIGINA,
NATALYA S. CHETYRINA, NELLI G. ALADIINA and GEORGI B. ELYAKOV

Pacific Institute of Bio-organic Chemistry, Far East Science Centre,
USSR Academy of Sciences, Viadivostok-22, US.S.R.

(Received 1T April 1975; accepted 15 March 1977}

Abstract—Numerous pentacyclic triterpenoids were shown to inhibit protein biosynthesis in the cells
of rat marrow. The magnitude of the effect depends on the chemical structure of the triterpenoids.
Hederagenin glycosides with one carbohydrate chain at 0-3 possess the highest activity. Additional
presence of a second carbohydrate chain at C-28 or of a hydroxyl group at C-16 generally reduces
glycoside activity. Rat marrow cells differ in degree of sensitivity from the action of triterpene glycosides.
Cells of the erythroid series proved to be most sensitive.

Pentacyclic triterpenoids are widespread in the plant
kingdom [!-5]. Many of these compounds are
physiologically active and possess a broad spectrum
of medical and biological effects [1,2,6-10]. In the
rat marrow cells, certain triterpenoids inhibit the in-
corporation of ['*ClJalanine in the acid-insoluble
fraction [11]. This effect was used in the present work
to study the relationship between the chemical struc-
ture and biological activity of some pentacyclic triter-
penoids.

MATERIALS AND METHODS

The rat marrow cell suspension was prepared from
tibia and femur bones [12]. Incubation was per-
formed in the medium consisting of saline (NaCl,
95mM, KCI, 5mM, MgCl;-6H,0, 74mM, tris
buffer (PH 7.6) 10 mM; NaHCQ;, 2 mM}) and 5,5mM
of glucose. The relationship between the chemical
structure and physiological activity of triterpenoids
was examined by incubating the marrow cells in test
tubes for 3 hr at 37°, in a drum, at the rotation speed
of 720 rev/min [13]. The incubation mixture consisted
of a | ml cell suspension (about 40 x 10%), a 0.04 ml
aqueous ['*Clalanine solution with a total activity
of 0.4 uCi and a 0.1 m! water-alcohol solution of the
substances studied. Ethanol concentration in the incu-
bation medium did not exceed 0.5%.

After incubation, the reaction was terminated by
adding an equal volume of a 10% trichloracetic acid
(TCA). The residue was smeared onto membrane fil-
“ters and washed with 100ml of 5% TCA. Radioac-
tivity was determined in an end-type counter.

In some tests, the marrow cells were incubated for
60min in a buffer solution previously suggested for
cell isolation [12]. Following incubation, the cells
were washed three times with a cold buffer, layered
onto a saccharose gradient (1.4-2.0M) and centri-
fuged at 4,000 rev/min for 30 min at 4° on a “K-23”
centrifuge. Fractions {1 ml) were collected from the
gradient to count the number of cells. The cells of
each fraction were diluted with the medium up to

* Translated by Joseph C. Shapiro.

10ml and thoroughly mixed. Optical density of the
suspension was measured on a photoelectrocalori-
meter. A = 540nm. It was preliminarily established
that 1 0.D. of the cell suspension was equal to 20 x
10° cells estimated in Goryaev chamber. The protein
content was determined by the method of Lowry et
al. [14]. The ultra-violet and visible spectra were
recorded on a “Specord” instrument after precipitat-
ing the cells.

Compounds I-XVI and XVII-XXII were obtained
from the roots of the relict Far-Eastern Caulophyllum
robustum M. [15] and Platycodon grandiflorus
[16, 17], respectively.

RESULTS

As is apparent from Table |, caulosides A (VII),
B (XIV) and C (VIII) inhibit by SO per cent the incor-
poration of ['*Clalanine in the acid-insoluble frac-
tion of rat marrow cells maintained at concentrations
of 5, 70, and 7 ug/ml, respectively. Caulosides D (IX)
and E (X) in concentrations of up to 100 ug/ml lack
this effect. The progenin of cauloside E (XI) inhibits
incorporation of [!CJalanine by 50 per cent (conc.
100 pg/ml).

Compared with the effects of caulosides A (VII} and
C (VIII), those of hederagenin (I} and its derivatives
(II-VD) result in considerably less inhibition of
['*CJalanine incorporation in the acid-insoluble frac-
tion of rat marrow cells; in this case, complete inhibi-
tion is not attained. The acetate of cauloside C (XII)
also reveals less activity than cauloside C (VIII).

A somewhat different picture (Table 1) is observed
when examining the inhibiting effect of cauloside B
(XIV), its genin (XIII) and derivatives (XV-XVI): the
genin acetonide of cauloside B (XV) shows higher
activity than cauloside B (XIV).

Among the triterpenoids from Platycodon grandi-
florus, platycodoside C (XVI) in concentrations of
25 ug/ml inhibits incorporation of [*CJalanine in the
acid-insoluble fraction of rat marrow cells by 93 per
cent and possesses the highest activity (Fig. 1). As
for other compounds from this plant, they possess
considerably less activity (XVII, XIX-XXII).
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Table 1
-
General structure /é
>
| LG AL TCo0R,
ale’, “Ra
5077 e
HOH,C ™
R Concn. pg/mi for
No Compo R R R R
pound ' 2 K 4 150% inhib:tion
I Hederagenin H H H H 20
I Hederagenin diacetate Ac Ac |H H 35
oI Hederagenin methyfester H H CH, H >100
Iy Hederagenin 3'23_diacetate Ac Ac |CH; H >100
methyl ester
y 23-O-methylhederagenin methyl | H CH; |CH, H 60
ester
R -
y1 Acetonide of hederagenin = ><CH3 H H | >100
R,- CH;
y I Cauloside A L-Arg 2» H iH H 5
yII | Cauloside C 0-GlciEe2l-ara |H |4 H 7
< Cauloside D L-Arg Z» H |-~Gle-Gle-Rha|H >100
X Couloside E 0-6letZo2t-ara % |H  [-Gle-Gle-Rha|H | >100
X1 Cauloside E progenin v H H -GLc H 100
X1 Cauloside C acetate Ac [H H 20
AcO
OAC
CHZOAC
Q o
QAC
At gac
X1 Caulophyliogenin H H OH 75
XIY | Couloside B L-Ara %» H o |H OH 70
pavs Acetonide of caulophyllogenin 10
COOH
' ~OH
|
HiC 077
hiC 0
XVT |Caullofiliogenin y-—lacton >100

XyII Platicodigenin

XyIl Platicodoside C
R.=Gle, R,=Ara —Rha — Xyl —Glc

With increased concentrations of cauloside B (XIV)
in the incubation mixture, those substances that pos-
sess maximum absorption at 272 and 414 nm and are
precipitated by a 10%, perchloric acid pass from the
cells to the mixture. With cauloside B (XIV) concen-
trations of 30 and 50 ug/ml, 50 and 100 per cent of
the substances, respectively, are observed in the mix-
ture. In this case, ['“Clalanine incorporation in the
cell acid-insoluble fraction is inhibited by 15 and 44
per cent, respectively (Fig. 2).

The results of our investigations showed that cen-
trifugation of suspensions of rat marrow cells cause
the formation of three cell zones in the linear gradient

CHLOR,

XIX Platicodogenin R=R,*R,=H

XX Acetonide of platicodogenin
R, =R,=C(CH,),, R, =H

XXI Pentaol

R=H
XXIT Pentgol acetate R=Ac

of saccharose density. The cells in zone IIl (upper
zone) decompose when cauloside B (XIV) acts on this
.suspension (Fig. 3).

DISCUSSION

One of the important problems in the study of tri-
terpenoids is the investigation of the relationship
between the chemical structure and physiological ac-
tivity of these compounds. With respect to this, it
should be noted that caulosides D (IX) and E (X)
differ from caulosides A (VII) and C (VIII) in the
presence of an additional carbohydrate chain at C-28;
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Fig. 1. Effects of 1-platycodoside C (XVIII), 2-platycodi-
genin (XVII), 3-platycodogenin acetonide (XX), 4-platyco-
dogenin (XIX), 5-reduced platycodoside (XXI) and 6-pen-
taol acetate (XXII) on incorporation of [!*CJalanine in
acid-insoluble fraction of rat marrow cells (experimental
conditions are described in Methods Radioactivity is
expressed in counts/100 sec. Average values for three mem-
brane filters.

at the same time, these glycosides show no inhibiting
effect for the concentrations tested (Table 1). A similar
regularity is observed in the study of antimicrobial
and cytotoxic activities of these compounds. [9, 18].
Triterpenoid glycosides containing hederagenin [15]
or oleanolic acid [19] as aglycons and incorporating
two carbohydrate chains at C-3 and C-27 or C-3 and
C-28 generally show very low physiological activity
[20,21].

Like caulosides D (IX) and E (X), platicodoside C
(XVIII) also has two carbohydrate chains C-3 and
C-28. However, unlike caulosides, it shows high
physiological activity (Fig. 1). This property of plati-
codoside C (XVIII) is probably caused by the specific
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Fig. 2. Effect of cauloside B (XIV) on incorporation of

['#CJalanine in acid-insoluble fraction of rat marrow cells

(I) and hemoglobin content in culture medium (2). Radio-

activity is expressed in counts/100 sec. Average values for
3 membrane filters.
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Fig. 3. Effect of cauloside B (XIV), conc. 50 ug/ml, on dis-

tribution of suspension of rat marrow cells in saccharose

gradient. Experimental conditions are described in
Methods.

structure of the aglycon, which differs from hedera-
.genin with respect to the presence of additional func-
tional groups [ 16, 17]. Besides, substitution of carbo-
hydrate chains in platicodoside C (XVIII), in C-3 and
C-28, for hydrogen (XVII) leads to a considerable
lowering of activity (Fig. 1).

Cauloside B (XIV) is almost ten times weaker in
activity than cauloside A (VII), and it differs from
cauloside A (VII) in the presence of hydroxyl group
at C-16 («). The results of these studies are in agree-
ment with previously published data [9, 18]. Hence,
the hydroxyl group at C-16 considerably reduces the
physiological activity of the glycoside.

In all the cases studied, the glycosides reveal higher
activity than their aglycons and acetates. Most of the
genin derivatives, with the exception of the genin ace-
tonide of cauloside B (XV), show lower activity than
the starting glycosides. The inhibiting effect of these
derivatives attains a definite value and remains on
the same level despite increased concentration of
those substances. This is possibly associated with the
fact that not all marrow cells, but only their indivi-
dual populations, are sensitive to the action of genin
derivatives.

The literature shows that the rat marrow cell sus-
pension consists of a heterogeneous cell population,
which includes cells of the erythroid series [22].
Saponins, in turn, possess high haemolytic activity,
ie., they cause lysis of erythrocytes with subsequent
release of hemoglobin [6]. Based upon this fact, we
thought it would be interesting to separate the above
suspension into several fractions in order to study
cell sensitivities in individual fractions to the effect
of cauloside B (XIV). We have shown that, as a result
of centrifugation in a saccharose density gradient, rat
marrow cells are distributed over three zones. Zone
III is enriched by cells of the erythroid series, since
they are destroyed by ammonium chloride [23]. Joint
incubation of a cell suspension with cauloside B (XIV)
for 60 min leads to cell decomposition in zone III
(Fig. 3); as a result, the hemoglobin (Fig. 2) containing
['*CJalanine appears in the culture medium. Hence,
the inhibiting effect of cauloside B (XIV) is to some
extent caused by the lysis of cells of the erythroid
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series. With increased concentrations of the glycoside

in

I,

the cells of the leucocytary series in zones I and
protein biosynthesis is suppressed, though without

noticeable cell decomposition.

REFERENCES

. K. Hiller, M. Keipert and B. Linzer, Pharmazie 12, 713
(1966).

. N. Basu and R. P. Rastogi. Phytochemistry 6, 1249
(1967).

. Y. Nagai, O. Tanaka and S. Shibata, Tetrahedron 27,
881 (1971).

. D. E. Burke and P. W. Le Quesne, Phytochemistry 10,
3319 (1971).

. 1. Yosioka, R. Takeda, A. Matsuda and I. Kitagawa,
Chem. pharm. Bull., Tokyo 20, 1237 (1972).

. E. Schlosser and G. Wulfl, Z. Naturf. 24b, 1284 (1969).

. S. Hiai, H. Oura, K. Tsukada and Y. Hirai, Chem.
pharm. Bull., Tokyo 19, 1656 (1971).

. A. R. Shcherbanovsky, Rastit. resursy 7, 133 (1971).

. M. M. Anisimov, L. L. Strigina, S. I. Baranova, A. L.
Kulga and N. S. Chetyrina, Antibiotiky 9, 834 (1972).

. M. M. Anisimov, N. I. Suprunov and N. G. Proko-

fieva, Rastit. resursy 8, 378 (1972).

11

12.

13.

14.
15.
16.
17.
18.
19.
20.
21.

22.

M. M. ANISIMOV et al.

. M. M. Anisimov, N. G. Prokofieva, T. A. Kuznetsova
and N. V. Peretolchin, fzv. Akad. Nauk SSSR, Ser.
biol. 1, 137 (1971).

R. A. Menzies, G. D. Press and B. L. Strehler, Biochim.
biophys. Acta 145, 178 (1967).

M. M. Anisimov, N. G. Prokofieva and E. N. Kostina,
Evolutsiya vegetativnykh funktsii, p. 64. WNauka,
Leningrad (1971).

O. H. Lowry, N. G. Rosebrough, A. L. Farr and
R. J. Randall, J. biol. Chem. 193, 265 (1951).

L. I. Strigina, N. S. Chetyrina and G. B. Elyakov,
Khim. prirodn. soyedinenii 5, 552 (1970).

G. B. Elykov and N. G. Aladjina, Izv. sib. Otdel. Akad.
Nauk SSSR 15, 148 (1970).

G. B. Elykov and N. G. Aladjina, Tetrahedron Lett.
35, 3651 (1972).

M. M. Anisimov, E. B. Fronert, L. I. Strigina and
N. S. Chetyrina, Farmak. Tox. 37, 211 (1974).

G. M. Frolova, Yu. S. Ovodov and N. 1. Suprunov,
Khim. prirodn. soyedinenii §, 614 (1971).

R. Tschesche and G. Wulff, Z. Naturf. 20b, 543 (1965).
M. M. Anisimov, E. B. Fronert, G. M. Frolova and
N. I. Suprunov, Izv. Akad. Nauk SSSR, Ser. biol. 4,
590 (1973).

E. A. Peterson and W. H. Evans, Nature, Lond. 214,
824 (1967). -

. L. N. Markaryan, Lab. Delo 3, 177 (1969).



