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Abstract: Background: The lack of efficacious therapy for advanced melanoma and neuroblas-

toma makes new approaches necessary. Therefore, many scientists seek new, more effective, more 

selective and less toxic anticancer drugs.  

Objective: We propose the synthesis of the new functionalized analogs of 1-nitroacridine/4-

nitroacridone connected to tuftsin/retro-tuftsin derivatives as potential anticancer agents.  

Method: Acridine and acridone analogues were prepared by Ullmann condensation and then cycli-

zation reaction. As a result of nucleophilic substitution reaction 1-nitro-9-phenoxyacridine or 1-

chloro-4-nitro-9(10H)-acridone with the corresponding peptides, the planned acridine derivatives 

(10a-c, 12, 17-a-d, 19) have been obtained. The cytotoxic activity of the newly obtained analogs 

was evaluated against melanotic (Ma) and amelanotic (Ab) melanomacell lines and neuroblastoma 

SH-SY5Y by using the XTT method. Apoptosis and cell cycle were analyzed by flow cytometry.  

Results: Among the investigated analogs compound 12 exhibited the highest potency comparable 

to dacarbazine action for amelanotic Ab melanoma cells. FLICA test (flurochrome-labeled inhibi-

tors of caspases) showed that this analog significantly increased the content of cells with activated 

caspases (C+) among both neuroblastoma lines and only Ab melanoma line. Using phosphatidyl-

serine (PS) externalization assay, 12 induced changes in the Ab melanoma plasma membrane 

structure as the externalization of phosphatidylserine (An+ cells). These changes in neuroblastoma 

cells were less pronounced.  

Conclusion: Analog 12 could be proposed as the new potential chemotherapeutic against amela-

notic melanoma form especially. 

Keywords: Acridine, Acridone, Tuftsin, Retro-tuftsin, Melanoma, Neuroblastoma. 

1. INTRODUCTION

Cancer, which is mostly caused by a mutation of a
normal cell, is one of the most common malignant diseases 
obsessing mankind [1, 2]. Tumor cells resistance to many 
anticancer drugs is a huge concern for effective cancer che-
motherapy [3]. Hence, there is a high demand to develop 
new drugs with improved pharmacological properties, en-
hanced antitumor activity and lower toxicity. Acridines have 
attracted considerable interest because of their broad range 
of biological activity. Initially, acridine derivatives were  
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applied as pigments and dyes [4]. The first clinical applica-
tion of acridines was targeted against bacterial [5] and para-
sitic [6] infections. Their anticancer properties were discov-
ered in the 70s [7, 8]. Actually, the anticancer activity of 
acridine/acridone analogs has attracted incoming interest. To 
date, many derivatives of acridine were synthesized and 
tested for antitumor activity [9, 10]. 

One of the ways to effective delivery of drugs to the tar-
get site in the body is using carrier-drug conjugates, in which 
the active ingredient is bound by a covalent bond with a car-
rier, e.g. peptides [11]. One of such peptides is tuftsin 
(TKPR), natural tetrapeptide, present in the peripheral blood 
of humans and other mammals, where it stimulates certain 
white blood cells [12]. The activity of tuftsin is generally 
directed towards the activation of non-specific elements of 
the immune system. 

The published manuscript is available at EurekaSelect via http://
www.eurekaselect.com/openurl/content.php?
genre=article&doi=10.2174/1573406414666181015145120
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Although a lot of acridines/acridones and tuftsin analogs 
were prepared, attempts for new derivatives are still made. 
More effective anticancer drugs with lower side effects still 
leaves something to be desired. From this reason and taking 
into account our experience in the synthesis of compounds 
containing molecules of various mechanisms of action as 
acridine/acridone derivatives and current literature overview, 
we propose the synthesis of the new functionalized analogs 
of 1-nitro-acridine/4-nitroacridone connected to tuftsin/retro-
tuftsin derivatives. 

In this work, we synthesized a series of tuftsin/retro-
tuftsin analogs with acridine and acridone derivatives con-
taining isopeptide bond between -amino group of lysine and 
carboxyl group of aliphatic amino acids such as Gly, -Ala, 
and Val. The newly synthesized tuftsin/retro-tuftsin com-
pounds (10a-c, 12, 17a-d, 19) were evaluated for their anti-
cancer activities against Ab and Ma melanoma cells and neu-
roblastoma SHSY5Y. In the past decades, a steady increase 
in the incidence of malignant melanoma has been observed. 
The patients diagnosed with early-stage malignant melanoma 
are cured by primary surgical treatment but for individuals 
with metastatic melanoma, there is no satisfactory systemic 
chemotherapy. A similar situation occurs with neuro-
blastoma. Melanoma lines differ e.g. the level of melano-
genesis that changes many biological features. Cells with 
hypomelanization have a higher rate of growth and are easy 
to culture in vitro in comparison to melanotic form [13]. 
Thus in our model, we used pairs of biological forms of the 
melanoma: amelanotic Ab, melanotic Ma and the neuroblas-
toma SHSY5Y: cholinergic DC, dopaminergic NC, to com-
pare the chemosensitivity of biological variants of the exam-
ined tumors. The lack of efficacious therapy for advanced 
melanoma and neuroblastoma makes new approaches neces-
sary. 

2. EXPERIMENTAL

2.1. Chemistry 

All chemicals and solvents were of reagent grade and 
were used without further purification. The reactions were 
monitored by TLC on Sigma-Aldrich F254 silica gel pre-
coated plates. The following solvent systems (by vol.) were 
used for TLC development: CHCl3-MeOH (3:1, v/v) (A), 
CHCl3-MeOH (9:1, v/v) (B), CHCl3-MeOH-NH3 (7:1:0.01, 
v/v/v) (C), CHCl3-MeOH-NH3 (5:1:0.01, v/v/v) (D). MS 
spectra were recorded on matrix-assisted laser desorption/ 
ionization-time on flight mass spectrometry (MALDI-TOF 
MS, Biflex III Bruker). The detection was carried out using 
UV and ninhydrin. 

1
H and 

13
C NMR spectra were measured 

in dimethyl sulfoxide (DMSO) or CD3OD solutions with a 
Varian Unity 500 Plus spectrometer, using TMS as an inter-
nal standard. Chemical shifts ( ) are given in ppm. Multiplic-
ity is indicated as follows: s, singlet; d, doublet; t, triplet; q, 
quartet; m, multiplet; br, broad. Conditions of chroma-
tographic HPLC separation and detection of the examined 
compounds (10a-c, 12, 17a-d, 19): column - Poroshell EC-
C18 (3.0x150 mm), 2.7 m, Agilent Technologies; column 
temperature - 40 

o

C; injection volume - 2 L; flow rate - 0.4 
mL/min; eluents: (A) 0.1 % HCOOH in water, (B) 0.1 % 
HCOOH in ACN/MeOH (1:1, v/v); gradient program: 0 min. 
90% (A) 10% (B), 20 min. 0% (A) 100% (B), 30 min. 0% 

(A) 100% (B); post time - 10 min; UV-Vis detection; wave-
lengths UV: 254 nm; Vis: 580 nm; peak width > 0.1 min
(2s); ESI MS detection.

Tuftsin and retro-tuftsin derivatives 1, 2a-c and 3 were 
prepared according to the method described previously [14-
17]. The general preparation of 1-nitro-9-phenoxy acridine 
(8) and 1-chloro-4-nitro-9(10H)-acridone (15) was described
in the literature [18-20].

2.1.1. General Procedure for the Synthesis of Acridine with 
Tuftsin/Retro-Tuftsin Derivatives 10a-c and 12  

A mixture of 1-nitro-9-phenoxyacridine (8) (0.12 mmol) 
and tuftsin or retro-tuftsin derivatives (1, 2a-b, 3) (0.24 
mmol) in phenol was stirred at 50°C for 24 h under argon 
atmosphere. After completion, a solution of ethyl acetate (5 
mL) was added and the mixture was extracted with 5% KOH 
(5 mL x 4). The organic phases was dried with anhydrous 
MgSO4, and filtered. After evaporation of the solvent, the 
reaction mixture was purified using preparative thin layer 
chromatography (TLC) in solvent B to obtain compounds 
9a-c, 11. 

To a mixture of derivatives 9a-c, 11 in N,N-
dimethylformamide (DMF) (1 mL) diethylamine (DEA) (0.4 
mL) was added. The mixture was left for 1h at room tem-
perature. After completion, evaporation of the solvent fol-
lowed by purification with preparative TLC in solvent C or 
D was done to obtain derivatives without the 9-fluorenyl-
methoxycarbonyl (Fmoc) group. Then, these derivatives 
were suspended in MeOH saturated with hydrochloric acid 
in diethyl ether (Et2O). Evaporation of the solvent followed 
by purification with preparative TLC in solvent C or D, pro-
vided the corresponding product 10a-c, 12. 

2.1.2. General Procedure for the Synthesis of Acridone 
with Tuftsin/Retro-Tuftsin Derivatives 17a-d and 19 

To a mixture of 1-chloro-4-nitro-9(10H)acridone (17) 
(0.12 mmol) and tuftsin or retro-tuftsin derivatives (1, 2a-c, 
3) (0.24 mmol) in anhydrous DMF (3 mL), anhydrous trieth-
ylamine (TEA) (0.48 mmol) was added. The mixture was
stirred at room temperature for 24 h under argon atmosphere.
After completion, evaporation of the solvent followed by
purification with preparative TLC in solvent B was done to
obtain derivatives 16a-d, 18.

To a mixture of derivatives (16a-d), (18) in DMF (1 mL) 
DEA (0.4 mL) was added. The mixture was left for 1h at 
room temperature. Evaporation of the solvent followed by 
purification with preparative TLC in solvent C or D, pro-
vided the corresponding derivatives without the Fmoc group. 
Then, the mixture of derivatives was suspended in MeOH 
saturated with hydrochloric acid in diethyl ether (Et2O). 
Evaporation of the solvent followed by purification with 
preparative TLC in solvent C or D, provided the correspond-
ing product 17a-d, 19. 

2.2. Biological Studies 

2.2.1. Transplantable Melanomas 

The original transplantable melanotic melanoma (Ma) 
was derived from a spontaneous melanoma of the skin that 
had appeared in a bred of a golden hamster in 1959 [21]. The 
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amelanotic melanoma line (Ab) originated from the Ma form 
by a spontaneous alteration. The loss of pigment was accom-
panied by changes in many biological features of Ab line - 
faster tumor growth rate, shorter animal survival and 
changes in ultrastructure of the cells. Once established, these 
melanomas possessed a considerable degree of phenotypic 
stability over decades of passaging [21]. Since their discov-
ery, each melanoma line is maintained in vivo by consecu-
tive, subcutaneous transplantations of tumor material every 
21 (Ma) or 11 (Ab) days. This melanoma model is known as 
Bomirski hamster’s melanomas. The experiments’ proce-
dures were approved by the Animal Ethics Committee at 
Medical University of Gdansk and conducted in accordance 
with National Health and Medical Research Council’s guide 
for the care and use of laboratory. 

Melanoma cells were isolated for each experiment from 
solid tumors by a non-enzymatic method [13]. The suspen-
sion consisted of 95 - 98% viable cells (estimated by trypan 
blue test). Melanoma cells were cultured in an RPMI me-
dium (Sigma-Aldrich) supplemented with 10% of FBS (fetal 
bovine serum; Sigma-Aldrich) and antibiotics (0.05 mg 
streptomycin and 50 U penicillin per 1 mL; Sigma-Aldrich). 
Each independent experiment was performed on the cells 
isolated from a single tumor. 

2.2.2. Neuroblastoma 

Neuroblastoma SH-SY5Y is a cloned subline of SK-N-

SH of human neuroblastoma originally established from the 

bone marrow biopsy of a neuroblastoma patient in the early 

1970s. Human SH-SY5Y neuroblastoma cells, between 10th 

and 25th passage, were used for the experiments. Cells were 

seeded at a density of 4 x 10
3
 cells/cm

2
 on 25 cm

2
 tissue cul-

ture flask in DMEM medium (Sigma-Aldrich) with 10% 

FBS (Sigma-Aldrich) and antibiotics (0.05 mg streptomycin 

and 50 U penicillin per 1 mL; Sigma-Aldrich). Cholinergic 

differentiation of DC variant was obtained by combined ad-

dition of 1 mM/L dibutyryl cAMP (cAMP; Sigma-Aldrich) 

and 0.001 mM/L all-trans-retinoic acid (RA; Sigma-Aldrich) 

for 48 hrs [22]. At this time the medium has been replaced 

for the medium without differentiating agents and tested ana-

logs were added and culture was continued for the next 72 

hrs. Cell line was purchased from the American Type Cul-

ture Collection (ATCC).  

2.2.3. Analogs Treatment 

New synthesized analogs at concentrations of 0.1-150 
M were used. All the solutions used in the experiments 

were prepared with a suitable cultivation medium for the cell 
lines and the main stock was dissolved in water containing 
5% of dimethyl sulfoxide (DMSO) (Sigma-Aldrich). For 
induction of death, thecells were incubated in the media 
without (spontaneous death) or with analog for 48 and/or 72 
hrs at 37

o
C. After that time, the cells were harvested and 

used for analysis. 

2.2.4. Cells Viability Assay (XTT) 

The cell viability was determined by XTT assay (Roche 
Diagnostic, USA), which measures the cells ability to reduce 
tetrazolium salt XTT (2,3-bis- (2-methoxy-4-nitro-5-
sulfophenyl)-2H-tetrazolium-5-carboxanilide) to water-

soluble formazan product. Cells were seeded at a density of 
5x10

3
 neuroblastoma, Ab melanoma and 50x10

3
 Ma mela-

noma cells into 96-well plates with suitable cultivation me-
dia. After 24 hrs, the media were exchanged and the cells 
were stimulated with the appropriate concentrations (0.1; 1; 
10; 20; 40; 50; 100; 150 M) of the tested analogs for 48 and 
72 hrs. Orange-colored formazan product was quantified at 
450 nm in a microplate reader (Multiscan FC, Thermoscien-
tific USA). Cells proliferation was normalized with respect 
to the non-treated control (100%) and the half maximal in-
hibitory concentration IC50 was estimated For analogs where 
IC50 was not possible to be determined, the percentage of 
living cells after treatment with 150 μM concentration was 
calculated. 

2.2.5. Apoptosis Determination by Flow Cytometry 

Melanoma cells were seeded in 6-well plates at concen-

tration of 200 x 10
3
/well and 500 x 10

3
/well for Ab and Ma 

lines respectively. Neuroblastoma cells were seeded at den-

sity of 10
5 

in 25 cm
3 

culture flask. Cells were cultured with-

out (control, spontaneous death) and with 100- M analog 12. 

The acridine 7 as a basic acridine for analog 12 synthesis has 

also been tested at IC50 (15 M) for Ab melanoma and 100 

M for Ma melanoma lines. Cells were cultured for 48 

and/or 72 hrs. For the tumor cells death analysis two tests for 

the apoptosis estimation have been chosen: test for the detec-

tion of cells with activated caspases (FLICA test) and An-

nexin-V_FITC binding to the phosphatidylserine (PS) pre-

sented in the outer phospholipids layer of the plasma mem-

brane (PS externalization), propidium iodide (PI) DNA stain-

ing as a marker of apoptotic bodies. Cells were analyzed 

using a flow cytometry method. After incubation, the cells 

were analyzed using a C6 flow cytometer (Becton Dickinson 

Immunocytometry Systems, USA). After gating out small-

sized (e.g. noncellular debris) objects, 10 000 events were 

collected from each sample. Results were analyzed off-line 

using Cyflogic v.1.2.1 software. 

2.2.7. Activated Caspases 

We used FLICA test (flurochrome-labeled inhibitors of 

caspases) to estimate the cells containing activated caspases 

[23]. The idea of this method is based on the fact that fluoro-

chrome-labeled inhibitors of caspases covalently react with 

reactive enzymatic center of activated caspase. We used 

FITC labeled pan-inhibitor of caspases VAD-FMK which 

detects the most active caspases in the cell. After 48 and 72 

hrs, the cells were collected and 1x10
6
 cells from each ex-

perimental point were incubated with 5 μM FITC-VAD-

FMK (CaspACETMFITC-VAD-FMK, Promega, USA) for 

30 min at room temperature in the dark, washed and resus-

pended in PBS. 

2.2.8. Phosphatidylserine (PS) Externalization Assay 

The early apoptotic change of the plasma membrane 
structure as PS externalization - was determined by Annexin 
V-FITC (BD Pharmingen, USA) according to the manufac-
turer’s instructions. The staining allows determining popula-
tions of viable (An-/PI-) and with PS externalization (An+; 
sum of early An+PI- and late apoptotic An+PI+) cells. 

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

Dzierzbicka
Notatka
the cells

Dzierzbicka
Podświetlony

Dzierzbicka
Notatka
.

Dzierzbicka
Podświetlony

Dzierzbicka
Notatka
2.2.5.1  or without number because it is the detailed description of the test mentioned in 2.2.5

Dzierzbicka
Podświetlony

Dzierzbicka
Notatka
2.2.5.2  or without number because it is the detailed description of the test mentioned in 2.2.5

Dzierzbicka
Podświetlony

http://mostwiedzy.pl


4    Medicinal Chemistry, 2018, Vol. 14, No. 00 Gensicka-Kowalewska et al. 

 

 

Fig. (1). Structure of tuftsin (1, 2a-c) and retro-tuftsin (3) deriva-

tives. 

2.2.9. Sub G1 Phase – Apoptotic Bodies 

Damaged cells as cells with a reduced DNA content (loss 
of DNA from permeabilized cells due to apoptotic DNA 
fragmentation; apoptotic bodies) were evaluated by the cell 
cycle analysis method [24]. Using the nucleic acid dye 
propidium iodide (PI) apoptotic cells were represented by a 
sub G1 region of cell cycle histogram. Ethanol-fixed 1x10

6
 

cells were resuspended in 1 mL of staining solution 
(RNaseA 200 g/mL and PI (5 g/mL in PBS), incubated for 
30 min in 37°C, in the dark. 

2.2.10. Statistical Analysis 

The statistical analysis was performed using the data 
analysis software system STATISTICA version 12, StatSoft 
Inc. (2016). Nonparametric Mann-Whitney U test with the 
Bonferroni correction; p-value lower than 0.05 (for one pair) 

 And 0.025 (for two pairs) were considered statistically 
significant. Data are expressed as mean ± SD.  

3. RESULTS AND DISCUSSION  

3.1. Chemistry 

The synthesis of adequate protected tuftsin and retro-
tuftsin derivatives (1, 2a-c, 3) Fig. (1) was performed ac-
cording to the method described in the literature [17] by us-

ing mixed anhydride method with isobutyl chloroformate 
and N-methylmorpholine (NMM) in anhydrous DMF.  

The synthesis of acridine linked to tuftsin/retro-tuftsin 
derivatives (10a-c, 12) was carried out according to the reac-
tions presented in Scheme 1. It was started from the Ullmann 
condensation reaction of the potassium salt of o-
chlorobenzoic acid 4 and m-nitroaniline 5 in the presence of 
copper at 125

o
C to give N-(3’-nitrophenyl)anthranilic acid 6, 

which was refluxed in POCl3 to afford the  9-chloroacridine 
derivative 7. Then, acridine 7 was converted by the reaction 
with phenol to stable 1-nitro-9-phenoxyacridine 8 [18]. As a 
result of nucleophilic substitution reaction, 1-nitro-9-
phenoxyacridine 8 with the corresponding peptides (1, 2a, 
2b or 3) in phenol gave analogs (9a-c, 11). Next, compounds 
9a-c and 11 were selectively deprotected with DEA and were 
dissolved in MeOH and performed to the corresponding hy-
drochloride (10a-c, 12) by using HCl in anhydrous Et2O.  

The synthesis of acridone with tuftsin/retro-tuftsin de-
rivatives (17a-d, 19) was carried out according to the reac-
tions presented in Scheme 2. 1-Chloro-4-nitro-9 (10 
H)acridone 15 was obtained by cyclization of the anthranilic 
acid 14, which was prepared from the Ullmann condensation 
of the potassium salt of o-chlorobenzoic acid 4 with 5-
chloro-2-nitroaniline 13 in isoamyl alcohol, in the presence 
of a catalytic amount of copper dust. Acridone analogs (16a-

d, 18) were obtained on the basis of nucleophilic substitution 
reaction of 1-chloro-4-nitro-9 (10H) acridone 15 with tuft-
sin/retro-tuftsin derivatives (1, 2a-c, 3) in anhydrous DMF, 
in the presence of triethylamine. The protecting groups were 
removed by DEA and MeOH/HCl to obtain compounds 
(17a-d, 19).  

3.2. Biological Assays 

As targets for the new analogs action estimations, we 
chose neuroblastoma and melanoma cells, tumors with not 
satisfactory therapies results. Melanoma and neuroblastoma 

 

Scheme 1. Synthesis of acridine derivatives (10a-c, 12). 
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are not homogenous types of tumors, they have different 
biological variants. Thus the effectiveness of a potential 
chemotherapeutic estimated at one form not always causes 
the same effects on others. Nowadays, oncology is looking 
for individual therapies against the biological types of a tu-
mor. Melanoma and neuroblastoma develop from normal 
cells (melanocytes, neurons) of the same embryonic origin – 
neuroectoderm. SH-SY5Y is a neuroblast-like cell line of the 
dopaminergic phenotype (NC variant; SH-SY5Y-NC; 
mainly uses the neurotransmitter dopamine) but can be dif-
ferentiated to cholinergic phenotype in vitro (DC variant SH-
SY5Y-DC; mainly uses the neurotransmitter acetylcholine). 
The Bomirski hamster melanomas model has two basic 
forms: melanotic Ma (produces melanin) line and amelanotic 
Ab (lack of melanin production). The cytotoxicity of the 
synthesized analogs was estimated by XTT test and the apo-
ptotic death features as the caspases activation and plasma 
membrane changes (phosphatidylserine, PS, externalization) 
were analysed.  

3.2.1. Cells Viability Assay (XXT) 

As shown in Table 1 only analog 12 decreased cells vi-

ability in concentrations that allowed to estimate the IC50 

doses as 61 μM, 96 μM, 48 μM, for Ab melanoma, NC and 

DC forms of SH-SY5Y neuroblastoma respectively. Among 

Ma melanoma cells incubated with the highest (150 μM) 

dose of analog 12 about 60% were still alive (mitochondrial 

activity was not inhibited). Analog 10b seemed to influence 

Ab melanoma line but only at the highest dose - 50% of cells 

have inhibited mitochondrial activity. Analog 17b at 150 μM 

dose influence mitochondria in 40% and 50% of Ab mela-

noma and SH-SY5Y-DC cells respectively. Thus, for further 

examination of tumor cells death, analog 12 has been cho-

sen. The 9-chloro-1-nitroacridine 7, precursor for the tested 

analogs, was especially active against Ab melanoma line 

(IC50 15 μM). Its IC50 doses against SH-SY5Y neuroblas-

toma were 51 μM, 36 μM for NC and DC forms respec-

tively. 

3.2.2. The Dying Cells Plasma Membrane Structure 
Changes  

Compound 12 induces changes in the Ab melanoma 
plasma membrane structure as the externalization of phos-
phatidylserine (An+ cells). After 48 hrs 54% of Ab mela-
noma cells were An+, significantly more than in control cells 
incubated without 12 but this value did not increase signifi-
cantly after additional 24 hrs (data not shown in Table. 2, 
Fig. 2A). Though Ma melanoma after additional 24 hrs has 
only 34% An+ cells (data not shown) almost the same as 
after 48 hrs (Table. 2). After 72 hrs incubation with 12 about 
14% of both neuroblastoma have changes in the plasma 
membrane structure, two folds more than in cells incubated 
without 12 (Table. 2, Fig. 2B). 

3.2.3. Caspases Activation 

Analog 12 significantly increased the content of cells 
with activated caspases (C+) especially in Ab melanoma line 
and DC cholinergic form of SH-SY5Y. After 48 hrs about 
32% of Ab melanoma cells were C+ (Table 2, Fig. 2A). In 
the same culture condition after 72 hrs among Ma melanoma 
was only about 10% of cells with activated caspases, similar 
to the control without 12 (Table 2) and it did not change after 
additional 24 hrs (data not shown). After 72 hrs incubation 
with 12, there was about 27% and 16% C+ cells among DC 
cholinergic and NC dopaminergic cells respectively (Table 
2, Fig. 2B). 

 

Scheme 2. Synthesis of acridone derivatives (17a-d, 19). 
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Table 1. Analogs influence on melanoma and neuroblastoma cells viability by XTT assay. Melanotic (Ma) and amelanotic (Ab) 

melanoma cells and dopaminergic (NC) and cholinergic (DC) neuroblastoma SHSY5Y cells were used as targets. Values 

are means ± SD from at least 3 experiments. IC50 - half maximal inhibitory concentration; ne analog not estimated. 

Melanoma Neuroblastoma SHSY5Y 

Melanotic 

(Ma Line) 

Amelanotic 

(Ab Line) 

Dopaminergic 

 (NC Line) 

Cholinergic 

(DC) Line 

% of Viability 

with 150 μM 
IC 50 [μM] 

% of Viability 

with 150 μM 

IC 50 

[μM] 

% of Vi-

ability with 

150 μM 

IC 50 

[μM] 

% of Viabil-

ity with 150 

μM 

Name of 

Analog 

48h 72h 48h 72h  48h 72h 72h 72h 72h 72h 

10a 102.1±10.6 93.6 ± 14.5 - - 129±40 
117.5 ± 

35.9 
- 69.9±8.6 - 63.6±5.1 

10c  161.5±36.1 137.4±12.6 - - 110.9±25.4 91.3±14.2 - 97.6±8.2 - 76.8±11.8 

10b  111.4±1.7 100.4±10.1 97.5±34.8 -  50.2±20.9 - 95.6±0.6 - 88.3±8.3 

17a 113.7±32.7 91.3±24.2 - - 74.6±28.9 88 ± 15.9 - 110±8.6 - 111.3±2.8 

17c 80.3±4 76.2±12.2 - - 58.8±10.5 78.4±11.7 - ne - ne 

17b  83.4±4.2 77.2±4.4 - - 76.5±22.4 60.4±25.4 - 71.6±0.6 - 48.9±4.8 

17d  79±1.4 85±10.3 - - 99.2±27.6 92.1±14.3 - ne - ne 

12 59.9±23 58.5±32.2 80.1±31.6 61±41.1 - - 95.5±5.8 - 48.3±6.8 - 

19 117.7±23.2 73.4±8.4   110.3±26 97.1±4.7  ne  ne 

7 65.4±20.7 48.5±14.2 14.3±13.3 3.4±3.2 - - 51±8.9 - 36.2±4.5 - 

Dacarbazine 71.8±17.4 69.4±10 - 68.5±20.9 47.5±9.7 - ne ne ne ne 

Cisplatine ne ne ne ne ne ne 2.5±0.6 - 1.8±0.9* - 

* According to observed cells morphology changes test has been finished after 48 hrs. 

 

Table 2. Percentage of the melanotic Ma and amelanotic Ab melanoma cells; dopaminergic NC and cholinergic DC variant of SH-

SY5Y neuroblastoma cells with apoptotic death features as activated caspases and phosphatidylserine (PS) externalization 

after incubation without (control) and with analog 12 (+12; 100 M). The basic compound analog 7 has also been tested 

against melanoma lines at concentrations: 100 M for Ma line and IC50 for Ab line. Values are means ± SD. Statistical 

analysis by U Mann-Whitney test; * Statistically significant increase in comparison to values without analog 12 (control). * 

Statistically significant lower sensitivity of Ma line in comparison to Ab line. 3-5 for Ma melanoma, neuroblastoma and 6-

8 experiments for Ab melanoma have been done. ne - not estimated.  

Percentage of Cells with/in 

Activated Caspases PS Externalization Sub G1 
Cells 

Incubation 

Time in hrs 

Control  + 12 +7 Control  + 12 + 7 Control   +12 +7 

Melanotic  

Ma melanoma 
48 9.8.±8.8 9.8±2.4** 4.2±2.8** 28.8±8.8 32.7±8.9** 19.6±6.7 16.0±7.7 14.9±13.3 17.5±5.5 

Amelanotic  

Ab melanoma 
48 9.9±5.6 31.5±7.1* 15.3±4.9* 24.7±11.6 54.2±9.6* 33.4±11.4 16.5±7.1 41.3±8.8* 17.5±5.2 

Dopaminergic  

SH-SY5Y-NC  
72 7.1±2.6 16.2±8.4* ne 7.8±4.6 13.3±3.8 ne 0.8±0.1 1.6±0.5 ne 

Cholinergic 

SH-SY5Y-DC 
72 8.8±2.1 27.2±2.7* ne 7.4±2.3 14.5±5.4* ne 1.2.±0.5 1.4±0.5 ne 
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Fig. (2). Flow cytometric analysis of amelanotic Ab melanoma (A) and cholinergic SH-SY5Y-DC (B) cells with externalized phosphatidyl-

serine (Annexin V test) and with active caspases (FLICA test). Density plots and histograms of a representative experiment. The plots are 

divided into quadrants containing: lower right An+PI- early apoptotic, upper right An+PI+ late apoptotic. The marker C+ in histograms 

pointed cells with activated caspases. 
 
3.2.4. Damaged Cells in Sub G1 Phase 

The content of cells in sub-G1 illustrates the effective-
ness of analog 12 on the examined cells (Table 2). More than 
40% of Ab melanoma and only 15% of Ma melanoma cells 
treated for 48 hrs with 12 located in sub G1phase as apop-

totic bodies. After an additional 24 hrs these values were 
54% and 33% respectively (data not shown). Analog 12 does 
not increase the content of neuroblastoma cells in sub G1 
phase significantly although other features of apoptosis (ex-
ternalization of phosphatidylserine, activation of caspases) 
have been observed.  
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CONCLUSION  

In conclusion, we first report the evaluated series of new 

tuftsin/retro-tuftsin analogs combined with acridine/acridone 

derivatives for their anticancer activities against amelanotic 

Ab and melanotic Ma melanoma cells and two forms of 

SHSY5Y neuroblastoma: DC cholinergic and NC dopa-

minergic. Analog 12 induces apoptotic changes as caspases 

activation and externalization of phosphatidylserine in the 

plasma membrane in the examined cells. Among the tested 

lines, amelanotic melanoma cells were especially sensitive to 

analog (acridine linked retro-tuftsin) 12 action. We suspected 

that the tuftsin recognized by cell-surface receptors would 

increase the new drugs action against tested tumor lines. 

Adding retro-tuftsin increased the entering of 12 into the 

cells that we checked for Ab cells under the fluorescence 

microscope. But except for the increased incorporation of 12 

to Ab, the cells we observed decreased the activity of it in 

comparison to 7. Tuftsin recognizes its receptor neutropilin 

(NRP) and activates some signaling ways and associates 

with a variety of coreceptors thus it could influence cell bi-

ology through the different signaling pathways. NRP pres-

ence has been documented in melanoma as in neuroblastoma 

cells. The expression of NRP seemed to be connected with 

the melanoma progression and aggressiveness [25,26]. Ex-

cept for the influence of tuftsin through the receptor, there 

are also other observations of its capacity to interact directly 

with DNA thus it reduced the acridine binding to DNA. High 

NRP1 expression inhibited the action of oncogene-targeted 

(BRAF) therapies in melanoma. To sum up, it is very diffi-

cult to explain why adding retro-tuftsin to acridine 7 de-

creased its cytotoxicity, it needs further examination.  
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