Szabolcs Mayer, et al. Medical Research Archives vol 10 issue 3. Medical Research Archives

RESEARCH ARTICLE

Vinca Hybrids with Antiproliferative Effect

Authors
Szabolcs Mayer, Péter Keglevich* and Laszl6 Hazai

Affiliation
Department of Organic Chemistry and Technology, Budapest University of Technology and Economics,
H-1111 Budapest, Gellért tér 4., Hungary

Corresponding author
Péter Keglevich
E-mail: keglevich.peter@vbk.bme.hu

Abstract:

Vinca alkaloids used in anticancer therapy are the well-known vinblastine and vincristine as
classical antitumor agents. These dimeric molecules consist of two monomers, vindoline and
catharanthine, which have no particular activity on their own. The goal in our research work was to
obtain derivatives of one of these, vindoline, resulted in molecules with important antiproliferative
effect. This type of derivatives were hybrids; vindoline was conjugated with several
pharmacophores with and/or without linkers. Pharmacophores were amino acid esters, steroids,
triazoles, and flavones. In several cases, the synthesized compounds showed on some cell lines an
even better effect than vinblastine.
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Introduction
Vinblastine (1) and vincristine (2) used in the
anticancer therapy as classic tubulin inhibitors.
They are Vinca alkaloids isolated from the
roseus,

periwinkle  Catharanthus which

H,CO . OCOCH,4
| H - OH

R COOCH,
vinblastine (1) R = CH3
vincristine (2) R = CHO

Fig.

Although a number of efforts have been made
to prepare new and less toxic molecules [1, 2],
apart from some new derivatives as the fluorine
substituted vinflunine, the ring-contracted
vinorelbine, or the amide vindesine [2, and
references cited therein], in the oncology no
real breakthrough has happened yet.

Combination therapy, as cocktails of drugs,
e.g. vinblastine (1), is a known and widespread
option in the clinical practice. The concept of
molecular hybridization, which started two
decades ago, was thoroughly and
comprehensively reviewed in all aspects [3, 4].
In short, the most common forms of hybrids are
two distinct  pharmacophores  coupled
covalently with or without spacers/linkers; the
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contains in addition their building blocks, i.e.
the monomers vindoline (3) and catharanthine
(4); the former (3) is present in largest
quantities in the plant (Fig. 1).

1.

former allow a non-rigid connection between
the parts of the structure. Hybrid molecules
may provide opportunities for beneficial
change in  Dbioavailability, = membrane
penetration, drug-drug interactions, or drug
resistance, etc.

Typical examples were presented in the area of
tubulin polymerization inhibitors by Passarella
and in Ref [5]. The different indole alkaloids

vindoline  (3), anhydrovinblastine and
vinorelbine  were coupled with the
pharmacophores  N-desacetylthiocolchicine

(a), podophyllotoxin (b) and baccatin 11l (c)
through two types of spacers (Fig. 2) resulting
in hybrids 5a-c, 6a-c, and 7a, 7b.
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6a, n=2, 8
6b, n=2
56¢, n=2

7a, n=2
7b, n=2

Fig. 2.

Although all three molecules (a-c) alone have
anticancer effects, N-desacetylthiocolchicine
() has several other biological -effects,
podophyllotoxin  (b) presents antimitotic
activity with strong toxicity, baccatin Il (c) is
closest to the real anticancer effect, as the
precursor of paclitaxel. From the compounds
synthesized 5a (n=2) and 5c (n=8) vindoline
hybrids proved to be more potent than the
controls during the antiproliferative studies
investigated on human cancer cell line A549.

As a well-known example for hybrids without
linker, was the phomopsin-Vinca conjugates.
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HsCO OCH,

The tripeptide side chain (Pro-lle-Asp) of
antimitotic phomopsin A was built directly in
the catharanthine nitrogen atom  of
anhydrovinblastine and vinorelbine (Fig. 3) as
a quaternary salt (8), however, the cytotoxicity
of the new derivatives against KB cell lines did
not reach the values of control vinblastine (1)
or anhydrovinblastine [6].

Substituted the vindoline ring with rather
simple vindoline-like structures (9a-e) none of
these compounds was active in the term of
tubulin polymerization inhibition [7].
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8, A=vindoline, n=1,2; R=H, benzyl H,CO

9, A=vindoline-like structures, a-e,
n=1, 2; R=H, benzyl

H s .
H,COOC Vindoline

10, R=OMe (a), lle-OMe (b), lle-Asp-(OBn), (c)

Pro-lle-Asp-(OBz),

Fig. 4.

Gherbovet et al. [8, 9] tried to design the
phomopsin A peptide in other vinblastine
derivatives (Fig. 4), e.g. 7’-homoanhydro-
vinblastine in different positions and with
different spacers (10, 11). Compounds 10a,b
showed similar activity as vinblastine on
tubulin inhibition, saturated derivatives 1la
and 11b were more active than enamines and
have shown comparable effect with control
vinblastine (1). The 12 ring-opened derivative
and its some intermediates did not presented
significant microtubule inhibitory activity on
KB, MCF7 and MCF7R cell lines [10]. Some
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OCH3
Br

OCHj3

NH, H;CO NH»
9a Br 9b

9d

Hséaoc “Vindoline

11, R=Pro-OMe (a), Pro-lle-OMe (b), Pro-lle-Asp-(OBn), (c)

0 /Ar

13, Ar=Cl-, OH-, MeO-phenyl, naphthyl

of compounds 13 presented selectively strong
cytotoxic activity on human tumor cell lines
KB, Hep-G2, LU-1 and MCF7, comparable
with  vinblastine  even  better  than
anhydrovinblastine [11].

Moreover, several vinblastine derivatives were
evaluated containing, e.g. an octapeptide chain
coupled in position 17 [12] with very strong
activity against prostate cancer or vintafolide
[see 2 and reference cited therein] conjugated
through a spacer with folate coupled with a
pentapeptide showing important anticancer
effect in ovarian cancer treatment, however,
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this big molecules really cannot be considered
hybrids.

Results and Discussion

The aim of our work was to find molecular
hybrids with one component of a Vinca
alkaloid coupled with known and often used
pharmacophores. So thus, the anticancer
vinblastine and one of its building blocks, the
inactive vindoline were selected.

The first vinblastine derivatives, which can be
considered as hybrid molecules contained an
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amino acid, especially tryptophan, were
conjugated with an oligoarginine cell-
penetrating peptide chain [13]. Vinblastine was
coupled with tryptophan methyl ester by the
method of Bushana Rao [14] at the position 16,
while the 17-OH was desacetylated. After
hydrolysis of the tryptophan ester group the
molecule was coupled with octaarginine chain
(Fig. 5) resulting in the two epimers 14(R) and
15(S) separated.

H R= -NH-Arg-(Arg)g-Arg-CO-NH, H
15(S)

The antiproliferative activity of the compounds
was investigated on HL-60 sensitive and
resistant leukemia cells and on HeLa cells, too.
The activities of conjugates 14 and 15 (ICso:
0.97-1.26 uM) were comparable with those of
vinblastine sulfate control (ICso: 1.26
uM), however, conjugates were effective also
on the resistant cells. Remarkable result is that
compound 14(R) preferentially destroys the
mitotic spindle in the case of cancerous HelLa
cells resulting the inhibition of cell cycle.

In the following, it was obvious to examine
how the effect would change after the removal

Copyright 2021 KEI Journals. All Rights Reserved

Fig. 5.

of one of the structural parts. For the rather
simple chemistry and the reduced costs the
vindoline monomer, which occurs most
extensively in the plant, was investigated. The
synthesis was similar to the previous method
[15]. Although the antitumor effect of the
obtained compounds 16(R) and 17(S) (Fig. 6)
was significant, they did not reach the activity
of the derivatives shown in Figure 5 above. On
cell lines HL-60, MDA-MB-231 (ICsp: 10-15.1
uM) and MCF-7 (ICso: 5.1-6.4 uM) the effect
of the two epimers was almost the same, on
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C26 and P388 tumor cell lines the epimer 17(S)
proved to be more effective.
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R1
H-(Arg)g-NH, H-(Arg)g-NH>

16(R 17(3)

Fig. 6.

The effect of conjugates on the tumor growth
was studied in vivo by using two tumor models.
P388 and C26 cells were injected
subcutaneously into mice. Conjugate 17(S)
exhibited a tendency to inhibit the tumor
growth, while 16(R) had essentially no
inhibitory effect. It is interesting to mention
that 17(S) - under these conditions - was
slightly, but not significantly more influential
than vinblastine. In contrast, in the treatment of
C26 colon carcinoma with the two isomers
essentially no change in the tumor volume was
observed.

Several modified vindoline structures were
also synthesized [16], saturated derivatives at
positions 14,15 obtained by catalytic reduction
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HaCO

18b, R'=H, Br; R?>=-(S/R)-Trp-OMe

(18a) and 14,15-cyclopropano derivatives
(18b) prepared with Simmons-Smith reaction.
Among these only 18a (R!=H, R?= -(S)-Trp-
OMe) saturated compound showed moderate
activity (1Cso: 27.5 uM) on HL-60 cells, so thus
the carrier peptide side chain was not built in
the molecule.

New vindoline amino acid hybrids were
synthesized containing spacer between the two
pharmacophores [17]. The spacer was built
into the positions 10 and 17 of vindoline
skeleton. So thus, 10-aminovindoline by
acylation with succinic anhydride followed
amidation with (L)- and (D)-tryptophan methyl
ester resulted in hybrids 19 and 20 (Fig. 7).

https://esmed.org/ MRA/mra/



https://esmed.org/MRA/mra/

Szabolcs Mayer, et al.

19

H

N\
Hsco-(S)-Trp—”/ﬁ( Vindoline

0]
21
H

N
H3C0-(R)-Trp—”/\n/ > Vindoline

(o)
22
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OCH;
o}

H
. N_
‘N Vindoline
H

23 o
(0]

17-Desacetylvindoline
H
N—(R)-Trp-OCH,

24 f0)

Fig. 7.

Similarly, 21 and 22 were prepared by
chloroacetylation of 10-aminovindoline and
after alkylation of (L)- and (D)-tryptophan
methyl esters of the 10-chloroacetamido-
vindoline, hybrids 21 and 22 were obtained
containing a shorter and less flexible spacer.
Position 17 of vindoline was coupled also by
the same procedure mentioned above, from 17-
desacetylvindoline and epimers 23, 24 were
synthesized also. The antiproliferative activity
of compounds obtained was investigated on

0

i

N

Fig. 8.

Further pharmacophores were also investigated
[17]. Vindoline (3) was coupled with the well-
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human gynecological cancer cells: HeLa, SiHa
cervical, and MCF-7, MDA-MB-231 breast
cell lines. On SiHa cells the control vinblastine
was rather resistant (ICso: 14.42 pM), however,
compound 23 proved to be more effective than
vinblastine (ICso: 6.01 pM). Compound 24
showed moderate activity on all of the
investigated cells. The vindolines coupled on
position 10 proved to be inactive.

anticancer
benzyltriazole derivative (Fig. 8), with a longer

known pharmacophore  N-
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and with a shorter spacer, resulting 25 and 26,
respectively. The synthesis was carried out in
accordance with the mentioned before and in
the literature presented, i.e. propargylation and
then the correspondent click reaction. The
obtained derivatives 25 and 26, however, did
not show significant activities.

A special group of hybrids were steroid
derivatives, containing e.g. S5a-
dihydrotestosterone and 19-nortestosterone

Hybrid 30 showed the highest cell number
decreasing activity especially on colon cancer
(COLO 205) and melanoma (SK-MEL-2, SK-
MEL-5), displaying significant tumor cell
inhibiting effect. The other compounds
exhibited only low or moderate antitumor
activity.

Triphenylphosphine (TPP) containing hybrids
represent an interesting area [19, 20], i.e. the
TPP moiety may act as a carrier group
promoting the cellular and mitochondrial
accumulation of the molecule in question. So
thus, TPP was coupled to vindoline into the

Copyright 2021 KEI Journals. All Rights Reserved

Medical Research Archives vol 10 issue 3. March 2022

Page 8 of 11

which have anticancer activity [18]. The
compounds were prepared with the known
methods presented above. Vindoline (3) was
coupled into the position 10 via an amino group
(27, 28) and into the position 17 (29, 30) by
acylation of the 10-amino and the
desacetyleted 17-hydroxyl group, respectively.
Acylation took place with succinic anhydride
developing the spacer (Fig. 9).

o

H
N
o Vindoline

28

Fig. 9.

position 17 through an acyl linker with
different chain lengths (Fig. 10). The
antiproliferative activity of compounds 31 and
32 was quite similar. The 50% growth
inhibition (Glso/uM) data show that the
compounds are very effective on several cell
lines, including colon, melanoma, ovarian and
breast cancer (Gls<0.5 M), however,
compound 31 shows an outstanding value
(Gl50=0.066 M) on cell line HOP-92 (non-
small cell lung cancer).
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Fig. 10.

An important group of hybrids formed with
flavones; this type of compounds can be
similar to flavone alkaloids [21]. Vindoline and
chrysin were coupled with different positions,
to the 10 and/or 17-position of vindoline
substituting the 7-hydroxy group of chrysin
with or without spacer. In addition, 5,7-
Disubstituted chrysin containing two vindoline
skeleton was also prepared. Nevertheless, only
one of the compounds prepared proved to be
effective. In the case of 33 the value of Glso
was below 1.5 uM on cell lines of non-small
cell lung cancer (HOP-92), CNS cancer (SNB-
75), melanoma (LOX IMVI), renal cancer
(A498 and CAKI-1), prostate cancer (PC-3)
and breast cancer (MCF7).
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Conclusion

Vindoline was coupled with several types of
synthetic and natural pharmacophores directly
or through a spacer resulted in new type of
antitumor hybrids containing Vinca alkaloids.
The antiproliferative activity of some
compounds proved to be comparable to the
effect of vinblastine, even exceeded of that.
Experience from previous research has shown
that it is worthwhile to continue the synthesis
of Vinca hybrids, especially by conjugating the
vinblastine molecule itself instead of the
vindoline, which can be rather considered as a
model. In addition, the study of the toxicity of
the most prominent molecules may decide the
further trends in the research of anticancer
hybrids. The use of further synthetic and/or
semisynthetic Vinca alkaloids in building up
the hybrid structures would be the scope of this
anticancer project.
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