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Summary. The aim of current study was the estimation of the effect of newly synthesized Galantamine 
peptide ester: 6-O-N-[N-(3,4-dichlorophenyl)-D,L-Alanyl]-L-Leucyl-Glycine-Galantamine (GAL – LEU) 
on cell growth rate of cultured 3T3 mouse embryonic fibroblast cells. 3T3 cells were in triplicate treated 
separately with different concentrations: 1.875 μМ ÷ 30 μМ of GAL – LEU. The applied MTT assay is 
based on the capacity of mitochondrial succinyl dehydrogenase of living cells to convert the yellow tetra-
zolium salt (3-(4',5'-dimethylthiazol-2'-yl)-2,5-diphenyl-tetrazolium bromide) into an purpleblue formazan, 
which absorbance is measured spectrophotometrically at λ = 570 nm. 
Cell growth inhibition (%) and the index of cell viability (%) were calculated. GAL – LEU in concentration 
30 μM inhibits 99.9 % of cell growth. From equation: y = 7.603.e0.098.x was calculated the inhibition con-
centration IC50: 19 μM. IC50 of used standard Cicloheximide is 0.26 μM. These experimental results proved 
that against 3T3 cell line the examined ester exerts cytotoxic activity.
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Introduction
The most significant risk factor for developing of 

cancer include tobacco (25 % – 30 %) [1], infections 
(15 % – 20 %) [2], radiation, environmental pollut-
ants, obesity (30 % – 35 %), lack of physical activity, 
stress [3], old age [4], but many cancers are devel-
oped in childhood too [5]. Acetylcholinesterase in-
hibitor Galantamine [6] potentiates the release of neu-
rotransmitter acethylcholine [7] and possesses anti-
oxidant activity [8, 9] and positive allosteric modula-
tory effect on α7 – subtype of nicotinic acetylcholine 
receptors [10]. Galantamine is applied for therapy of 
Alzheimer’s disease [11, 12, 13]. Newly synthesized 
from prof. Vezenkov Galantamine peptide ester: 
6-O-N-[N-(3.4-dichlorophenyl)-D,L-Alanyl]-L-Leu-
cyl-Glycil-Galantamine (GAL – LEU) [14], possess 
both acethylcholinesterase and γ – secretase inhibi-
tory activity [15] and antioxidant properties in ferric 
reducing/antioxidant power (FRAP) method [16].

L-Leucyl-L-Leucine methyl ester induces apop-
tosis on cell lines [17]. In this connection in current 
investigation our aim was the assessment of proper-
ties of newly synthesized peptide ester to inhibit cell 
growth rate of 3T3 cell line [18].

Мaterials and methods
Мaterials
I.	 Tested peptide ester: 6-O-N[N(3,4-dichloro-

phenyl)-D,L-Alanil-L-Leucil-L-Glycil]-Ga-
lantamine (GAL – LEU), syntetized from prof. 
Vesenkov from Department of Organic Chemis-
try, University of Chemical Technology and Met-
allurgy (Fig. 1.) [14]. 

II.	 In vitro test system – 3T3 mouse embryonic fi-
broblast cells.

III.	 Reagents with analytical grade quality.
Dulbecco’s Modified Eagle Medium, fetal 

bovine serum, 100 IU/ml Penicillin, 100 µg/ml 
Streptomycin, standard MTT (3-[4.5-dimethylthi-
azole-2-yl]-2.5-diphenyl-tetrazolium bromide), di-
methylsufoxide, phosphate buffer.
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Fig. 1. Structure of 6-O-N[N(3,4-dichlorophenyl)-D,L-Alanil-L-Leucil-L-Glycil]-

Galantamine

II) In vitro test system – 3T3 mouse embryonic fibroblast cells.

III) Reagents with analytical grade quality.

Dulbecco’s Modified Eagle Medium, fetal bovine serum, 100 IU/ml Penicillin, 

100 µg/ml Streptomycin, standard MTT (3-[4.5-dimethylthiazole-2-yl]-2.5-diphenyl-

tetrazolium bromide), dimethylsufoxide, phosphate buffer.

IV) Preparation of solutions of peptide ester.

An accurately weighted quanitities of GAL – LEU were dissolved separately in

dimethylsufoxide for obtaining solutions with concentration: 1.875 µM, 3.75 µM, 7.5 µM,

15 µM and 30 µM.

V) Preparation of solution of МТТ.

5 mg/ml solution of MTT in phosphate buffer was prepared. At storage at 4 °С. 

solution is stable 1 month.

Fig. 1. Structure of 6-O-N[N(3,4-dichlorophenyl)-D,L-
Alanil-L-Leucil-L-Glycil]- Galantamine
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IV.	 Preparation of solutions of peptide ester.
An accurately weighted quantities of GAL – 

LEU were dissolved separately in dimethylsufoxide 
for obtaining solutions with concentration: 1.875 
µM, 3.75 µM, 7.5 µM, 15 µM and 30 µM.
V.	 Preparation of solution of МТТ.

5 mg/ml solution of MTT in phosphate buffer 
was prepared. At storage at 4°С solution is stable 
1 month.

Method – MTT test assay [18].
3T3 mouse fibroblast cells were cultured in  

96 – well flat – bottomed micro plates in Dulbecco’s 
Modified Eagle Medium. 5 % of fetal bovine serum,  
100 IU/ml Penicillin and 100 µg/ml Streptomycin 
were added. Samples were incubated in 5% CO2 
at 37oC. In exponentially growing phase 3T3 cells 
were harvested and counted with haemocytometer. 
The cell density was adjusted to the concentration 
of 5.104 cells/ml by dilution with Dulbecco’s Mod-
ified Eagle Medium. 100 µl of this cell culture were 
introduced to each well. Samples were incubated at 
37°C in 5% CO2 for 24 h. After incubation the su-
pernatant was discarded. The cells were exposed to  
200 µl of peptide ester in different concentrations 
(1.875 µM – 30 µM). 

After 48 h to each well 200 µl 0.5 mg/ml MTT 
were added and samples were incubated for 4 h. In 
order to facilitate the solubilization of the formazan 
product 100 µl of dimethylsufoxide were added to 
each well. The absorbance of the obtained from re-
duction of MTT formazan was measured at λ = 570 
nm. The cytotoxicity was recorded as concentration 
causing 50 % growth inhibition (IC50) of 3T3 cells.

Results
The positive (A(+)) conrol was 3T3 cell line 

treated with solution of MTT without addition of 
the examined compounds. As the negative (A(-)) 
conrol was used 3T3 cell cell line dissolved in Dul-
becco’s Modified Eagle Medium without addition 
of GAL – LEU and MTT. On Table 1. are presented 
the absorbances for positive (A(+)) and negative 
(A(-)) controls.

For the estimation of cytotoxic activity the МТТ – 
test of Mosmann was applied triplicate separately for 
different concentrations of GAL – LEU (1.875 μМ 
– 30 μМ). The absobances of the obtained formazan 
are summarized on Таble 2.

On Fig.2. is illustrated the accordance between con-
centration of peptide ester and absorbance of formazan. 

In the applied MTT test of Mosmann the absorbance 
of formazan is proportional to the viability of cells. 
Index of cell viability V (%) and the inhibition of cell 
growth (%) are calculated by the following equations:

N: AK(+) AK(-)
1. 1.208 0.098
2. 1.222 0.096
3. 1.236 0.090
4. 1.340 0.098
5. 1.210
6. 1.350
___

X 1.261 0.096

SD 0.066 0.004

Table 1. Absorbances for positive (A(+)) and negative
(A(-)) control in МТТ – test of Mosmann.

CGAL – LEU 
[μM]

Absorbances of formazan [AU]
1. 2. 3. ___

X SD

1.875 1.229 1.179 1.192 1.200 0.026
3.75 1.168 1.079 1.146 1.131 0.046
7.5 1.116 1.027 0.968 1.037 0.075
15 0.465 0.329 0.530 0.441 0.103
30 0.097 0.098 0.095 0.097 0.002

Table 2. Absorbances of formazan produced from 3T3 
cells treated with GAL – LEU.

Fig. 2. Absorbance – concentration relation for 
GAL – LEU
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V (%) – index of cell viability
I (%) – inhibition of cell growth 

At – mean absorbance derived from a well added 
with test solution GAL – LEU 

A(+) – mean absorbance of positive control, derived 
from a well added with cell culture without test solution

A(-) – mean absorbance of negative control, de-
rived from a well added with cell culture without test 
solution and MTT solution.

The results from the effect of the examined pep-
tide ester on index of cell viability (%) and inhibition 
of cell growth (%) are summarized on Table 3.

On Fig.3 is illustrated the index of 3T3 cell via-
bility and cytotoxic effect assessed by an MTT assay 
following exposure to GAL – LEU.

By using the equations for mean index of cell 
growth inhibition: y = 7.603.e0.098x the value for the 
inhibition concentration (IC50) of GAL – LЕU: 19 
μM is calculated. IC50 of used standard Ciclohexim-
ide is 0.26 μM.

Discussion.
Survival of cells was evaluated by using of MTT 

assay, based on the capacity of mitochondria suc-
cinate dehydrogenase enzymes in living cells to 
reduce the yellow water soluble substrate 3-(4,5- 
dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) into a soluble in dimethylformamide vi-
olet formazan product, which absorbance is measured 
spectrophotometrically at λ = 570 nm [18]. Since re-
duction of MTT can occur only in metabolically ac-
tive cells, the increased growth inhibitory effect is in 
accordance with a reduced absorbance of formazan.

3T3 cell line is established by George Todaro and 
Howard Green in 1962 from disaggregated Swiss 
mouse (Mus musculus) embryo tissue. 3T3 cell line 
is a standard fibroblast cell line used in a wide spec-
trum of research and industrial biomedical applica-
tions. 3T3 cells are not normal cells because they are 
capable of growing indefinitely [19].

The experimental results demonstrate that the ester 
treatment results in reduced concentration and absor-
bance of formazan, which indicates its growth inhibi-
tory activity. While GAL – LEU in low concentration 
1.875 μM inhibits 5.24 % of cell growth with index 
of cell viability 94.76 %, in high concentration 30 μM  
inhibits 99.9 % of cell growth with index of cell  
survival 0.1 %.

Treatment of 3T3 cells with the protein kinase C 
inhibitor Staurosporine induces apoptotic cell death. 
Experimental results show that the tyrosine kinase 
inhibitor Herbimycin A possesses an antiproliferative 
activity on 3T3 cells. Inhibitor of arachidonic acid 
metabolism Quinacrine inhibits growth rate of 3T3 
cells. These results suggest that in immortalized and 

CGAL – LEU 
[μM]

Index of viability of 3T3 cell line [%]
1. 2. 3. ___

X SD

1.875 97.25 92.96 94.08 94.76 2.23
3.75 92.02 84.38 90.13 88.84 3.98
7.5 87.56 79.92 74.86 80.78 6.39
15 31.70 20.03 37.28 29.67 8.80
30 0.13 0.21 -0.04 0.1 0.13

CGAL – LEU 
[μM]

Inhibition of 3T3 cell growth [%]
1. 2. 3. ___

X SD

1.875 2.75 7.04 5.92 5.24 2.23
3.75 7.98 15.62 9.87 11.16 3.98
7.5 12.44 20.08 25.14 19.22 6.39
15 68.30 79.97 62.72 70.33 8.80
30 99.87 99.79 100.04 99.90 0.13

IC50 20.24 18.24 19.10 19.19 1.00

Table 3. Effect of GAL – LEU on proliferation of 
3T3 cell line.

Fig. 3. Еffect of GAL – LEU on 3T3 cell viability (%) 
and growth inhibition (%).
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transformed 3T3 cells, blocking the cellular signal 
transduction might trigger the induction of cell apop-
tosis. In this connection Curcumin has been demon-
strated to be an effective inhibitor of tumor promo-
tion In immortalized mouse embryo fibroblast NIH 
3T3 erb B2, which are the oncogene transformed 3T3 
cells. The cellular and biochemical effects of cur-
cumin in these mouse fibroblast cells are: inhibition 
the activity of protein kinase C and tyrosine protein 
kinase and suppression of arachidonic acid metabo-
lism. All of these effects lead to induction of charac-
teristics of apoptosis: cell shrinkage, chromatin con-
densation and DNA fragmentation [20].

Conclusion
Survival of 3T3 cells was evaluated by  

using of MTT test of Mosmann. GAL – LEU in 
concentration 30 μM inhibits 99.9 % of 3T3 cell 
growth. The experimental results proved that 
against 3T3 cell line the examined Galantam-
ine ester GAL – LEU exerts cytotoxic activity 
with IC50 = 19 μM, calculated from the equation 
y = 7.609.e0,098.x.
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