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A B S T R A C T

Thirteen novel NO-releasing derivatives of betulinic acid (BA) bearing two types of NO-donors (nitrates

and furoxans) were synthesized and evaluated for their antitumor activity. The results showed that

furoxan-based derivatives exhibited higher antitumor activity than nitrate-based derivatives, with

compounds 11a and 11b displaying promising potency against B16 cell lines and HepG2 cell lines

(IC50 < 1 mmol/L). We supposed that NO-releasing amount of these derivatives which can be detected by

Griess method may contribute more to their antitumor activity. As a result, furoxan-based derivatives

released larger amount of NO than that of nitrate-based derivatives, which partially explained the higher

anti-tumor activity of the former.
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1. Introduction

Nitric oxide (NO) is a multifunctional molecular involved in a
variety of physiological and pathological processes. Generated by
nitric oxide synthase (NOS) from oxidation of L-arginine, NO binds
to its primary receptor, the soluble guanylylcyclase, leading to the
synthesis of the signal transducer cGMP [1,2]. Also, NO could be
produced from nitrogen oxides such as nitrite and nitrate, which
can serve as storage pools for NO when enzymatic activity of NOS is
suppressed [3]. Besides the wide implications of NO derivatives in
the treatment of vascular disorders [4], NO level or NOS activity
was observed to be correlated with clinical tumorigenesis [5–8].
Particularly, cell survival signaling is significantly affected by the
level of NO. Generally, NO is considered to promote tumor
angiogenesis at low concentration, however, it contributes to
apoptosis in tumor cells at high concentration [9–11].

Given the fact of the high-active property of NO, NO donors,
including organic nitrates, furoxans, metal-NO complexes, S-
nitrosothiols, sydnonimines, diazeniumdiolates (NONOates), and
NO-drug hybrids, with the controllable NO-releasing property are
attractive substitutes for NO [12]. More specifically, conjugation of
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NO donors to tissue targeting compounds could achieve organ-
delivery effect. In practical application for anticancer research, it is
more feasible to generate novel NO-drug hybrids by linking various
NO donors to a parent compound (with anti-tumor activity) to
display the synergistic anti-tumor activity.

Betulinic acid (BA) is a natural pentacyclic triterpene with anti-
tumor [13] and anti-HIV activities [14,15], and so on. It was
reported that BA exhibited selective toxicity to varieties of tumor
cells but not normal tissues, which can be an ideal lead compound
for anticancer treatment [16]. In the present study, based on the
principle of pro-drug, we designed a series of novel NO-BA hybrids
which 3-hydroxyl group and 28-carboxyl group of BA were chosen
to be coupled with NO donors, nitrate and furoxan, respectively.
Considering that increasing the electron density in A-ring of BA can
improve its anti-tumor activity, therefore, we selected an oxime
group in C-3 position of BA to be a parent compound, along with 3-
O-derivatives. In addition to investigating the effect of different
length and structure of the linker which attaches BA and NO donor,
we also considered the fact that tumor cells display the character of
‘‘addicted nitrogen’’ and increase the transfer rate of amino acids,
as a result, we supposed that introducing amino acids into the
target compounds may enhance their selectivity to tumor cells.
Consequently, we introduce amino acids into the linker of BA and
furoxans.

Totally, 13 NO-BA hybrids were successfully synthesized, with
their structures characterized by IR, 1H NMR and MS. The in vitro

anti-tumor activities were determined in mouse melanoma B16
 Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Synthesis of compounds 1, 2, 3 series. Reagents and conditions: (i) Jones, 0 8C; (ii) Br(CH2)nBr; (iii) AgNO3; (iv) NH2OH�HCl.

Scheme 2. Synthesis of compounds 6, 8, 9, 10, 11 series. Reagents and conditions: (i)

HO-R-OH, NaOH; (ii) Boc2O; (iii) DCC/DMAP; (iv) TFA; (v) oxalyl chloride; (vi) Et3N.
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cells and hepatocellular carcinoma HepG2 cells, respectively.
Importantly, compounds 11a and 11b showed significantly
stronger cytotoxicity against both B16 cells and HepG2 cells than
BA itself. Our data suggested that coupling NO donors to BA is a
promising approach to generate highly active anti-tumor com-
pounds.

2. Experimental

The general route for BA derivatives coupled with nitrates is
outlined in Scheme 1. BA was first oxidized to 1 by Jones’ reagent,
then, reacted with dibromoalkane in the presence of K2CO3 in DMF
to give the corresponding C-28 esters (2a–d). 3a–d were obtained
from the reaction of 2a–d and AgNO3 in the dark. Subsequently,
3a–d and hydroxylamine hydrochloride were dissolved in pyri-
dine. The solution was stirred for 24 h at 50 8C, giving the target
compounds 4a–d.

Considering the less reactivity of C-28 carboxyl, oxalyl chloride
was used to activate BA, giving compound 10. Then, the reaction of
10 and furoxan intermediates 9a–g led to the target compounds
11a–g. The general route is outlined in Scheme 2, among which 6a–
g were derived from 5 (obtained as previously described) [17] and
the corresponding diols. Subsequently, 6a–g reacted with glycine
protected by di-tert-butyl dicarbonate (Boc2O), giving 8a–g. Then,
8a–g were treated with trifluoroacetic acid (TFA), affording 9a–g.

15a and 15b, furoxan-based derivatives of BA at C-3 position,
were also synthesized in this study. The general route is outlined in
Scheme 3. BA was treated with succinic anhydride to prepare
compound 12, then, reacted with 6b to get 13. Subsequently, 13
reacted with 14a or 14b respectively in the presence of 4-
dimethylamino pyridine (DMAP) and 1-ethyl-(3-dimethylamino-
propyl)-carbodiimide hydrochloride (EDCI) to generate target
compounds 15a or 15b.

3. Results and discussion

The anti-tumor bioactivities of these compounds were deter-
mined in vitro by MTT assay against HepG2 and B16 cells. Taxol
was selected as positive control. The data were calculated and
presented as IC50 values in Table 1. We observed that the majority
of NO-BA hybrids were bioactive with growth inhibitory effect on
both HepG2 cells and B16 cells. Among them, most nitrate-based
derivatives of BA lost their anti-tumor activity compared with BA
and the positive control taxol, which is in consistent with our
previous report on NO-pentacyclic triterpene hybrids. Herein, we
speculate that the NO releasing kinetics from nitrate donors might
result in a low concentration, which in turn protects the tumor cell
from apoptosis.
As shown in Table 1, most furoxan-based derivatives of BA
displayed higher cytotoxicity than BA, while only compound 11g
exhibited slightly weaker potency against B16 cells. And the most
promising candidates as potential alternative drugs were 11a and
11b, which showed comparable cytotoxicity against both HepG2
and B16 cells to the positive control (taxol). This preliminary result
indicates that oxygen in the linker (11g) cannot potentially
increase the antitumor activity of BA. The antitumor activity of
compounds with branched linker are inferior to those with straight
linker with the same number of carbons, which can be explained
by the fact that 11c and 11e are less potent than 11b and 11d,
respectively. Considering the overall anti-tumor activity at
different concentrations, to prolong the length of the linker failed
in improving the anti-tumor activity of these derivatives against
B16 cells, which can be interpreted by the fact that 11a, 11b, and
11d weakened the potency in turn. However, it did not show
obvious structure and activity relationships (SARs) among these
derivatives against HepG2 cells. Additionally, the triple bond
derivative 11f can slightly enhance the cytotoxicity only at high
concentration. Further SARs are required to be certified in this series.



Scheme 3. Synthesis of compounds 12, 13, 15 series. Reagents and conditions: (i)

succinic anhydride; (ii) EDCI/DMAP; (iii) DCC/DMAP.

Table 1
IC50 values of target compounds against B16 cell lines and HepG2 cell lines.

Compd. IC50 (mmol/L) Compd. IC50 (mmol/L)

B16 cell

lines

HepG2 cell

lines

B16 cell

lines

HepG2 cell

lines

4a 95 >100 11e 3.36 2.99

4b >100 >100 11f 3.74 1.36

4c 8.44 >100 11g 6.16 1.68

4d 12.43 –a 15a –a 2.65

11a 1.57 0.76 15b 24.75 1.93

11b 1.96 0.67 BA 3.95 15.3

11c 2.17 2.52 Taxol 0.94 0.41

11d 3.43 1.38

Note: IC50, the minimum concentration of compounds to inhibit 50% of tumor

growth.
a Not be calculated with IC50 value.
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In order to identify whether the amount of NO released by these
NO-BA hybrids is the major impact factor of the anti-tumor
activity, we measured the in vitro NO-releasing amount of these BA
derivatives by Griess method. As shown in Fig. 1, the amount of NO
released by the furoxan-based derivatives is generally higher than
that of nitrate-based derivatives, especially some furoxan-based
derivatives, such as 11b (242 mmol/L) releases more than twofold
of NO compared with 4a (94 mmol/L) and 4b (95 mmol/L), which is
consistent with the anti-tumor activity of the corresponding
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Fig. 1. NO2
� concentrations which represent the quantity of NO were determined by

Griess assay in vitro. Griess reagent could combine with NO2
� and form the

chromophore after 10 min at 37 8C, the absorbance then was measured at 540 nm.
derivatives. Thus, furoxan-based derivatives possessing high
cytotoxicity can be partially explained by the fact that higher
level of NO contributes to the anti-tumor activity.

Taking the above results into account, we synthesized new
furoxan-based derivatives modified at C-3 position of BA.
Unfortunately, both 15a and 15b resulted in poor antitumor
activity. Especially, the antitumor activity of 15b (furoxan-based
derivative at C-3 position) was obviously inferior to that of 11a–g
(furoxan-based derivatives at C-28 position) against B16 cells.
Thus, we conservatively speculated that C-28 position of BA was
favorable to be modified with furoxan, which may afford more
active compounds with anti-tumor activity.

4. Conclusion

In summary, we have designed and synthesized thirteen novel
NO-releasing derivatives of BA coupled with nitrates and furoxans.
The anti-tumor bioactivities of these derivatives were determined
by the MTT assay in vitro against HepG2 and B16 cells. Nitrate-
based derivatives of BA resulted in poor activity against both
HepG2 cells and B16 cells, while the majority of furoxan-based
derivatives enhanced the anti-tumor activity of BA, which consists
with our hypothesis. Subsequently, we detected the NO-releasing
amount of these derivatives to investigate whether it affects the
antitumor activity of these derivatives. As a result, furoxan-based
derivatives indeed released larger among of NO than that of nitrate
derivatives, which may partly explain the higher antitumor
activity of furoxan-based derivatives—high concentration of NO
contribute to the antitumor activity. Among all these BA
derivatives, compound 11a and 11b showed promising antitumor
activity (IC50 < 1 mmol/L), which were comparable to that of the
positive control. Further research is ongoing to illustrate more
SARs, and we believe our finding will be of value for further
utilization of BA derivatives in the therapeutic interventions of
some cancers.
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