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ABSTRACT

The present work relates to a hypothesis that correlates between the molecular weights and the application of
numerical techniques such as Newton-Raphson for the first time as an optimization tool to design water soluble
esters with potential anticancer activity in vitro and in vivo. The results obtained from this application suggested a
consistent and clear correlation between the experimental and numerical analysis results. However, further studies
are required to confirm this correlation.
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INTRODUCTION

Although thousands of potentially active anticancer
agents have been evaluated during the last 50 years,
howewer, there is always a constant need to develop new
anticancer drugs. Cancer is responsible for millions of
death worldwide and continues to remain one of the
leading cause of death each year. According to World
Health Organization (WHO), there were an estimated
15.270 million new cancer cases and 8.2 million cancer
death in 2017 compared to 12.7 million and 7.6 million
respectively in 2008.M

It is projected that the number of new cancer cases and
cancer death worldwide will rise to 21 and 13 million
respectively, by 2030. In the USA, there were an
estimated 1.7 million new cancer cases and over half a
million cancer death in 2016.1%!

With the advances in anticancer drug discovery and
development in the last several decades, more than 100
anticancer drugs have been approved by the FDA (7&8).
Broadly speaking; these drugs can be classified into two
basic categories: cytotoxic and targeted agents based on
their mechanism of action.®"! Howewer, it is well
established that the process of discovery and
development of nowvel drugs is known to be time-

consuming and expensive. On awerage, the standard
process of drug discovery and development to making
marketing takes 10-15 years. Furthermore, the average
cost of research and development of each effective drug
is estimated at $1.8 billion USD.®! Nevertheless, there is
always a constant need to dewvelop new anticancer and
new therapeutic agents.

In this context, it is not surprising that the development
of new strategies over the last decades has emerged to
make the process much rationale and efficient using new
approaches. Therefore, as a part of our recent efforts in
searching for safe, targeted, water soluble, with well
tolerable and effective pharmaceutical anticancer
compounds, and in order to cut short the process of drug
development, which is always described complex, risky,
expensive and time consuming, we synthesized some
free soluble esters of {(N-(4-amino-2-butynyl)}, and
fully characterized them by physico-chemical methods.

MATERIALS AND METHODS

1. Chemistry

Although comprehensive investigations about organic
compounds containing 2-butyne(X-CH2-C_C-CH2-X’
substitutes (usually amino groups) were carried out and
their biological activities as Muscarinic Receptors
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inhibitors were examined®*®!, however, nothing is
known about their anticancer activities. On the other
hand, there is a research work about the ester of 2-butyne
reported in Russian article™ in which X represents a
terephthalate or methacrylate group and X’ represents N-
morpholino or N-piprydino group. Howewer, these
compounds have been a target for an industrial usage as
substrate for the preparation of polymers and
copolymers.

Furthermore, upon searching in the literature during the
period between 1966 up to date, we found that there were
apparently several articles™ mentioned about the
chemistry of 2-butyne esters with similar structures to
our compounds, those listed in Table.l vide infra.
Nevertheless, no work found on anti-tumor activity of
esters were found in the literature, a part of fairly related
work on the three compounds containing an acetylenic

Table 1: The esters prepared inthis work.

nucleus (propargl group), which are considered to
possess antitumor activity.*?!

We, therefore, presenting in this paper the synthesis,
characterization and antitumor activity in vitro and in
vivo of some of these esters {N-(4-amino-2butynyl)}
with the general formula:

O

O-CH,- C=CH, — R-

Where R=H, methyl, ethyl, trimethylmethyl, cyclohexyl,
phenyl.
R =N-tertiary or N-quaternary analogous amino group

R -
Holl-, H=CoHsC or CgHS; D- { -
- XN N X=CH; or
CH3 — Y rd
O ! 1Y
X M-, Y=QorS
CH; -C
0-CH,- C=C-CH, -
CHCHa M-,  J¥=Oorg
/
H, (CHs)sC s
: 5 _
CﬁHll, CeH

1.1. Preparations of Esters

The {N-(4-amino-2-butynyl1)} esters were prepared by
the successive conwversions of propargyl alcohol into the
corresponding propargyl ester by a simple esterification
with a respective organic acid with or without organic
solvent. The propargyl ester was then converted into the
corresponding N-(4-amino-2-butynyl) ester by Mannish
condensation with paraformaldehyde, acetic acid or a
respective acid and Cu2CI2 (as a catalyst) in dioxane.

The following esters are selected from the group above
and comprising:

L2= {N-(4-morpholino-2-butnyl)} acetate

L4= {N-(4-morpholino-2-butynyl)} benzoate

L6= {N-(4-morpholino-2-butynyl)} formats

L9= {N-(4-diethylamino-2-butynl)} acetate

L12= {N-(4-diphenylamino-2-butynl)} acetate

L18= {N-(4-morpholino-2-butnyl)} pivalate

L20=N, N’-{(4, 4-piprazino)-bis-(2-butynl)} diacetate
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L22= {N-(4-morpholino-2-butynl0} cyclohexyl MB-231, MAXF SK-BR-3); pancreatic(PAXF 1657L),
carboxylate and renal cancer(RXF SN12C). Non-PDX-derived cell

lines were either kindly provided by the NCI (Bethesda,
2.Biology MD), or were purchased from ATCC (Rockville, MD)
2.1. Cell lines DSMZ (Branuschweig, Germany), or JCRB (Japanese

A panel of tumor cell lines consists bladder(BXF
RT112); colon(CXF COLO205); gastric(GXA MKN45);
head and neck(HNXF CAL-27); non-small cell
lung(LXFA 526L,LXFL-529L); breast(MAXF MDA-

Table 2: Authenticated cell lines used for the study.

Collection of Research Biosources Cell Bank, Japan)m
whereas, LXFA 526L, LXFL 529L and PAXF 1657L
were established at former Oncotest GmbH in Freiburg
(Table 2).

CellLine STR
# Ttype name origin Analysis
1 Bladder BXF RT1R DSMZ authentic
2 Colon CXF COLO 205 NCI authentic
3 Gastric GXA MKN45 JCRB #0254 authentic
4 Head &Neck HNXF CAL-27 DSMZ authentic
5 Lung LXFA 526L Xenograft, Freiburg authentic
6 Lung LXFL 529L Xenograft, Freiburg authentic
7 Mammary MAXF MDA-MB-231 ATCC authentic
8 Mammary MAXF SK-BR-3 ATCC,HTB-30 authentic
9 Pancreas PAXF 16571 Xenograft, Freiburg authentic
0 Renal RXF SN12C NCI authentic

JCRB: Japanese Collection of Research Biosources
ATCC : American Type Culture Collection, Rockville, MD, USA
NCI: National Cancer Institute, Bethesda MD, USA.

DSMZ : Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany.

2.2. Cell Culture

Cell lines were routinely passaged once or twice weekly
and maintained in culture for up to 20 passages. All cells
were grown at 37°C in a humidified atmosphere with 5%
CO, in RPMI 1640 medium (25 mM HEPES, with L-
glutamine, #FG1385, Biochrom, Berlin, Germany)
supplemented with 10% (w/v) fetal calf serum (Sigma,
Taufkirchen, Germany) and 0.1 mg/mL gentamicin (Life
Technologies, Karlsruhe, Germany).

2.3. Anti-Cancer Assay

A modified propidium iodide (PI) based monolayer assay
was used to assess the anti-cancer activity of the test
articles.” Briefly, cells were harvested from exponential
phase cultures, counted and plated in 96 well flat-bottom
microtiter plates at a cell density of 6,000 to 12,000
cells/well dependent on the cell line’s growth rate. After
a 24 h recovery period, to allow the cells to resume
exponential growth, 10 pl of culture medium (4 control
wells/cell line/plate) or of culture medium with test
articles were added. The 8 compounds were applied at
ten concentrations in half-log increments to 0.3 (V/v).
After four days of treatment, cells were next washed with
200 W PBS to remove dead cells and debris, then 200 pi
of a solution containing 7 pg/ml propidium iodide (PI)
and 0.1% (wv/v) Triton X-100 was added. After an

incubation period of 1-2 hours at room temperature,
fluorescence (FU) was measured using the Enspire
Multimode Plate Reader (excitation A =530 nm,
emission A = 620 nm) to quantify the amount of attached
viable cells.

2.4. Calculation of IC50 and IC70

ICs, and IC;, values were calculated by 4 parameters
non-linear curve fit using Oncotest Warehouse Software.
For calculation of mean ICs, and IC,, values the
geometric mean was used.

2.5. Data Evaluation

An assay was considered fully evaluable if the following
quality control criteria were fulfilled:

- Z’-factor calculated within the assay plate >0.5.12%)

- Fluorescence intensity of >500 U from the untreated
control wells, equivalent to a control/background ratio
>3.0

- Coefficient of variation in the growth control wells
<30%

2.6. Sigmoidal Concentration Response Curve
Drug effects were expressed in terms of the percentage
of the fluorescence signal, obtained by comparison of the
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mean signal in the treated wells with the mean signal of
the untreated controls (expressed as T/C-value [%]):

T [%] =

C mean fluorescence signal

mean fluorescence signalqi.qqup

100

control group

Sigmoidal concentration-response curves were fitted to
the data points obtained for each compound using 4
parameters non-linear curve fit (Oncotest Data
Warehouse Software). IC values are reported as absolute
and relative ICsy and absolute IC,, values. The absolute
IC5, value reflects the concentration of the test
compound that achieves T/C=50%. The absolute 1C;,
value gives the concentration of the test compound that
achieves T/C=30%.

2.7. In Vitro Anti-Cancer Activity

The in vitro anti-cancer activity of some selected ester
compounds was investigated in vitro in a panel of 10
human cancer cell lines by using a 2D monolayer assay.
Results are summarized for compound L4 in Table
3A&B giving the absolute and relative IC50 and IC70 as
well as all individual measurement points.

2.8. In Vivo Anti-Cancer Activity

BDF1 male mice 5 weeks old were used in group of 8
animals. Cells were implanted s.c. in a volume of 0.5 ml.
The three concentrations 200,100 and 50 mg/kg were
given i. Pat day 1 and continued for 9 days. The
anticancer activity was estimated according to NCI
tumor panel screening method. !

2.9. Acute Toxicity Study
The single dose toxicity study of L4 was examined in
mice and guinea pigs.

Table 3: Invitro activity of L4 in 10 tumor cell lines.

A. IC values [0.3%/ViV)]

2.10. In Vitro Effect of Mutagenicity

Test strains of Salmonella typhimurium TA1530 and
TAL1537 were used to test the mutagenic effect of these
compounds using concentrations up to a dose of 50
ug/ml.

2.11. Numerical Technique Optimization

We have adopted the Newton-Raphson (N-R) method!?®!
as the most suitable numerical technique to test our
hypothesis about correlation between molecular weight
of a chemical compound and its anticancer activity.

The aim of the current study is to investigate whether
there is a possible relation between the anticancer
activity of the ester compounds obtained both in vitro
and in vivo and applying a mathematical model using the
optimization method of Newton-Raphson (N-R) as a tool
to confirm the anticancer activity obtained on these
esters. Up to our knowledge, such technique was not
used before and we are the first to use this application in
this study.

3. RESULTS AND DISCUSSION

The series of ester compounds showed marked
anticancer activity against most of the cell lines used
(1C50 ranging from 0.016 - 0.242 ug/ml), howeer, the
most active of these compounds was L4, as can be
noticed in Table 4 and Fig.2.

L4/ Exp. Unit Abs. Abs.

Cell Line no. IC50 IC70

BXF RT112 QA147T7-P1456452-7T % yly 0.012 0.012
CXF COLO 205 QA1478-P1456096-7 % fufv 0.013 0.014
GXA MKMN45 QAT1479-P1457204-T Sofulv 0.022 0.028
HMXF  CAL-27 QA1480-P 14574057 Sofulv 0.017 0,020
LxFA 526 QA1481-P1457434-7T % fyly 0.023 0.025
LXFL 529 QA1482-P1456819-T %ofulv 0.016 0.021
MAXF MDA-MB-231 QA1483-P1457463-7T %iviv 0.017 0.021
MAXF SK-BR-3 QA1484-P1456297-7 %fufv 0.013 0.014
PAXF M657 QA1485-P1456127-7 %fulv 0.016 0.019
RXF SN12C QA1486-P1457492-T Sofulv 0.012 0.013
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B. Test/Control values [%] at each test concentration

L4/ Exp. Test/Control (%) at Drug Concentration [%(v/v)]
Cell Line no. 95E06 30E05 95E05 30E04 OSE04 30E03 95E03 30E02 9502 30E(L
BXF RTLL2 QAL4TT-P14564527 9% 97 101 9% 9 B % 0 2 3

CF COLO205 QA1478-P1456096-7 97 98 100
GXA  MKN4S QA1479-P1457204-7 97 100 100
HNXF - CAL-27 QA1480-P14574057 97 98 102
LFA 526 QAL481-P1457434-7 101 100 9%
DFL 529 QA1482-P1456819-7 106 102 106

MAXF  MDA-MB-231 QA1483-P14574637 109 100 113

103 103 104 100 6 8 7
00 9 10 9 2% 7 7
o9 % B % 7 4 3
02 103 9 100 12 6 10
02 10 9 & 17 U4

02 15 100 97 12 4

MAXF SKBR-3  QAL484-P1456297-7 95 96 97 00 98 97 9% 1 12 12
PAYE 1657 QA1485-P1456127-7 99 103 100 104 100 099 9 17 17 15
RXF  SN12C QA1486-P1457492-7 93 92 93 96 9 92 90 3 5 5
1201 BXF RT112
100- CXF COLO 205
GXA MKN45
;5 801 HNXF CAL-27
=~ 60- © LXFA526
& 8 LXFL 529
= 407 © MAXF MDA-MB-231
20- ¥ MAXF SK-BR-3
= PAXF 1657
O 10e 105 102 101 1po - RXFSNi2C

Fig 1: The dose-response curves for L4.

The in vivo anticancer activities of eight compounds
were tested in B16-melanoma. The results indicated that
only one of these esters (L4) showed relevant activity at
doses 200, 100 and 50 mg/kg and the Test/Control (T/C)
values were 141 and 141 and 124%, respectively,
whereas other compounds showed no in vivo activity in
B16- melanoma. The in vitro activity of L4 compound
was therefore, confirmed when tested in vivo using B16
melanoma at both 100 and 200 mg/kg.

Further, the acute toxicity study of L4 compound was
examined in mice and guinea pigs using more than one
route. The LD50 values of this compound was
determined to be 550 mg/kg intra peritoneal inmice; 730
mg/kg and 460 mg/ kg in guinea pigs using oral route
and intra peritoneal respectively. In addition, the
genotoxicity of L4 compound was studied in Salmonella
typhimurium TA1530 and TA1537 and it was found that
L4 compound is not mutagenic up to a dose of 50 pg/ml.

It is evident from Table 4 that these compounds which
showed variations in their molecular weights amongst
each other showed different activities to the cancer cell
lines used in the present study. For example, compound
L6 with molecular weight 175 showed the best activity

against mammary MAXF MDA-MB-231 cell line only;
while compound L9 with molecular weight 183 showed
the best activity against Gastric GXA MKN 45 cell line
only. Whereas, compound L4 with a molecular weight of
268 exhibited a potential activity against all the cell lines
used.
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Table 4: Inhibitory Concentration (ICsg) [Lg/ml] of compounds with different molecular weights in 10 different
tumor cell lines.

Cell Lines & ICsy (ug/ml)
Compounds BXF C%XLFO GXA 'éﬁf': LXFA | LXFL ':\AAADiF MSAK>_<F PAXF Fg’i:: Molgcular Geo.Mean Geo.Mean
RT112 205 MKN45 27 526L 529L MB-231 BR-3 1658 12 weights abs.1Cs, abs. 1C;
L6 0.178 0.209 0.274 0.137 0.179 0.137 0.089 0.177 0.173 0.183 175 0.167 0.235
L9 0.3 0.108 0.03 0.254 0.234 0.111 0.18 0.215 0.3 0.232 183 0.211 0,273
L2 0.09 0.118 0.171 0.081 0.12 0.05 0.117 0.098 0.121 198 0.102 0,129
L15 0.034 0.037 0.04 0.021 0.034 0.062 0.014 0.033 0.013 | 0.035 211 0.022 0.029
L13 0.3 0.3 0.3 0.14 0.3 0.135 0.076 0.156 0.113 0.3 213 0.190 0.296
L18 0.094 0.081 0.131 0.052 0.097 0.038 0.028 0.045 0.044 | 0.087 239 0.063 0.095
122 0.08 0.068 0.03 0.126 0.068 0.038 0.032 0.041 0.044 | 0.099 258 0.071 0.130
L4 0.012 0.014 0.028 0.02 0.025 0.021 0.021 0.014 0.019 | 0.013 268 0.015 0.018

To analyze the results of the current study and to find out
if a correlation exists between the molecular weights and
the anticancer activity of any given compound, the
Newton-Raphson (N-R) method of optimization®! is
adopted as an optimization tool. This technique, which is
up to our knowledge is not used before in a study similar
to our research, has been considered as an optimization
technique in many engineering oriented researches. For
instance, the N-R is used for optimization of molecular
mechanic calculation.”® It is also used for optimization
of vibration problems®?”!, and for partial differential
correction of digital image correlation.*®!

We have adopted the N-R method because we assumed
that it is the most suitable numerical technique method
for optimization. Further, achieving an inhibitory
concentration value of 0.00001 pg/ml is the optimal
result that all cancer research centers are targeting. So
the first step in our assumption was to calculate the
optimum molecular weight depending on the N-R
technique followed by calculation of the molecular
weights for all the tested ester compounds (Table 5).
These results are plotted in Fig. 2, where the values of
the optimized results are very close to the best molecular
weights obtained from the experimental results. The only
result that showed a deviation is that of the cell line
(PAXF SK-BR-3).

Table 5: Results for 10 tumor cell lines showing the best chemical compounds obtained defined by their
molecular weights, and the corresponding optimum molecular weight.

Tumor Cell Lines
MW BXF CXF COLO GXA HNXF LXFA | LXFL | MAXF MDA- MAXF PAXF RXF
RT112 205 MKN45 CAL-27 526L 529L MB-231 SK-BR-3 SK-BR-3 | SN12C
Best Molecular Weight (Experimental) 268 268 268 268 268 268 211 268 211 268
Optimum_Molecular Weight (N-R_method) 268.02 268.03 269.03 268.05 2682 | 268.01 210.1 268.03 268.02 268.04

It is evident from figure 2 that there are marginal
differences in the values of the molecular weights of
these compounds (Experimental) and those obtained
using the optimization tool (Optimized), however, such
minor differences are not clearly shown in this figure.
Therefore, to elucidate more these differences we
considered another scale and plotted the results of Table
5 again as shown in figure 3. In fact the range bounded
by the dash lines in figure 2 is considered in figure 3.
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Fig. 2: Results for 10 tumor cell lines and the corresponding optimum molecular weights calculated using a
numerical optimization method.
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Fig. 3: Results for 10 tumor cell lines and the corresponding numerical results close to the region of optimum
molecular weights.

CONCLUSION between the experimental part represented by the
We would like to highlight that, from our point of view, anticancer activity and the results of numerical analysis.
the marginal difference in the results obtained from Therefore, initially we can postulate that this application
applying the mathematical model with those obtained can be used as a tool to design new anticancer products.
experimentally is a considerable finding. It is basically However, additional studies are required to confirm this
demonstrating a consistency and clear correlation correlation.
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