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We studied the effects of four synthetic amides of betulonic acid containing amino acid
fragments (d,l-α-alanine, β-alanine, and their methyl esters) on the rate of growth and
metastatic dissemination of transplantable Lewis lung carcinoma in C57Bl/6 mice. The
test compounds were administered intragastrically in a single dose of 500 mg/kg. 3-
[-oxo-20(29)-lupen-28-oilamino]-propionic acid suppressed primary tumor growth (by
26%) and decreased the number of lung metastases (by more than 2 times). Antitumor
and antimetastatic activity of triterpenoids decreased after methylation of the amino acid
fragment in betulonic acid.
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New lupane derivative were recently synthesized.
These bioactive compounds are characterized by a
wide range of pharmacological effects. Semisynthe-
tic derivatives of betulinic and betulonic acids are
lupane triterpenoids with antiviral, antibacterial,
and antitumor properties [8,11]. Betulinic acid deri-
vatives differ from natural cytostatics by low toxi-
city and selectivity of action on tumor cells [10].
New derivatives of betulonic acid synthesized at
the Novosibirsk Institute of Organic Chemistry con-
tain fragments of long-chain amino acids and pep-
tides at C-28 and exhibit antiviral activity relative
to human immunodeficiency virus type 1 and her-
pes simplex virus [4,5]. Previous experiments on
cultured tumor cells of human melanoma and epi-
dermal carcinoma showed that introduction of

amino acid fragments into the molecule of betulinic
acid (C-29) potentiates the cytotoxic effect of this
compound [9]. Our studies showed that betulonic
acid derivatives with α- or β-alanine fragments at
C-28 are characterized by low toxicity after intra-
gastric administration (mean lethal dose >5000 mg/
kg) and produce an antioxidant effect in mice with
toxic hepatitis [6]. These compounds decrease the
severity of necrotic and dystrophic changes in the
liver and kidneys of rats under conditions of com-
bined cytostatic treatment [7]. It was interesting to
evaluate whether betulonic acid derivatives exhibit in
vivo antitumor and antimetastatic properties. We stu-
died the effects of betulonic acid derivatives with
fragments of α-alanine, β-alanine, and their methyl
esters on the growth and metastatic dissemination of
transplantable Lewis lung carcinoma in C57Bl/6 mice.

MATERIALS AND METHODS

We used amides of betulonic acid containing frag-
ments of amino acids (α-alanine, β-alanine) and
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their methyl esters at C-28: 2-[3-oxo-20(29)-lupen-
28-oilamino]-propionic acid (compound 1), 3-[3-
oxo-20(29)-lupen-28-oilamino]-propionic acid (com-
pound 2), methyl ester of 2-[3-oxo-20(29)-lupen-
28-oilamino]-propionic acid (compound 3), and
methyl ester of 3-[3-oxo-20(29)-lupen-28-oilami-
no]-propionic acid (compound 4, Fig. 1). The test
compounds were synthesized at the Laboratory of
Medical Chemistry (Novosibirsk Institute of Orga-
nic Chemistry) [3].

The experiments were performed on 50 male
C57Bl/6 mice obtained from the vivarium of the
Institute of Cytology and Genetics. The animals
were maintained in a vivarium under standard con-
ditions. All experimental manipulations were con-
ducted according to the European Convention on
Humane Care and Use of Laboratory Animals.

The suspension of Lewis lung carcinoma cells
was transplanted into the thigh muscle (6×106 cells
in 0.1 ml physiological saline). Ten days after trans-
plantation the animals were divided into 5 groups
(10 mice per group). During this period the size of
the primary tumor reached 1 cm3. The test com-
pounds were administered intragastrically in a sin-
gle dose of 500 mg/kg (aqueous Tween 60 solution,
ICN; 0.2 ml per 10 g body weight). Control ani-
mals received an equivalent volume of aqueous
Tween solution. Tumor size was measured in 3 per-
pendicular planes daily over 10 days after treatment
with the test compounds. The animals were killed
by cervical dislocation after 10 days. The lungs
were fixed in neutral formalin. Metastatic nodes
were counted under a binocular loupe. To estimate
the area of metastases, the lung tissue was treated
by the standard histological method on a MICROM
automatic system (Zeiss) and stained with hemato-
xylin and eosin. Histological examination of sam-
ples was performed to determine the volume den-
sity of metastases (ratio of the area of metastases
to section area) [1]. The antitumor effect of triterpe-
noids was studied by changes in primary tumor
growth over 10 days after treatment with the test
compounds. The index of tumor growth inhibition
(TGI) was calculated as the ratio of the difference

Fig. 1. Structural formulas of betulonic acid amides.
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between the average tumor size in control and trea-
ted mice to tumor size in control animals [2].

The results were analyzed using Statistica 6
software. The differences were significant at
p<0.05.

RESULTS

Table 1 shows the dynamics of primary tumor growth
in mice over 10 days after administration of the test
compounds.

Comparative study showed that the test com-
pounds inhibit the growth of Lewis lung carcinoma.
Tumor growth delay was most pronounced over the
first 4-6 days. Betulonic acid derivatives with frag-
ments of amino acids had a persistent and signifi-
cant effect. For example, compounds 1 and 2 inhi-
bited tumor growth by 40-45 and 35-43%, respec-
tively, compared to the control. Methyl esters of
these triterpenoids were less active (compound 3)
or their activity varied in a range surpassing the
interval corresponding to significant difference from
the control group (compound 4).

Index TGI was estimated for each compound.
TGI for betulonic acid amides (compounds 1 and
2) reached 26-28% (Fig. 2). For compounds 3 and
4 TGI was lower over the first days, but than under-
went significant variations, which made impossible
to make final conclusion about the effectiveness of
these compounds.

Examination at low magnification showed that
compound 2 twofold decreases the number of meta-
static nodes in the lungs. Other triterpenoids had
little effect on this parameter (Table 2). Morpho-
metry of histological samples showed that com-
pound 2 has a strong antimetastatic effect mani-
festing in a 3-fold decrease in the volume density
of metastases. Another carboxylated amide (com-
pound 1) tended to decrease this parameter. How-
ever, the number of metastatic nodes was relatively
high in animals of this group. Compounds 3 and 4
exhibited no antimetastatic activity.

Our results show that 3-[3-oxo-20(29)-lupen-
28-oilamino]-propionic acid inhibits tumor growth
rate and metastatic dissemination in mice with trans-

TABLE 2. Effect of Single Treatment with Betulonic Acid Amides on the Number and Volume Density of Lung Metastases
in Mice with Transplantable Lewis Lung Carcinoma

Number of nodes 16.70±2.82 14.90±1.17 8.40±2.04* 14.80±2.68 11.70±3.97

Volume density, % 3.4±1.0 1.4±0.3 1.1±0.3* 2.4±0.8 6.7±1.7

Parameter of metastatic
dissemination

4321

Compound
Control

plantable Lewis lung carcinoma. Antitumor and
antimetastatic activities of the test drugs after intra-
gastric administration decrease after methylation of
the amino acid fragment in betulonic acid, which
was probably associated with lower rate of methyl
ester metabolism in the liver.

This study was performed within the frame-
work of the Integration Program of the Siberian
Division of the Russian Academy of Sciences (N
146) “Development of Medicinal and Prophylactic
Drugs for Medicine. Fundamental Bases and Their
Realization”.
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