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Introduction 
Alzheimer's disease is a progressive neurodegen-

erative brain disorder associated with loss of neu-
rons and destroying of memory and thinking and 
is characterized with presence of amyloid plaques 
and neurofibrillary tangles [1]. For pharmacological 
treatment of Alzheimer's disease [2, 3] are applied in-
hibitors of acethylcholinesterase: Galantamine [1, 4], 
Donepezil and Rivastigmine [1]. The most promising 
new therapeutic strategy for therapy is the applica-
tion of γ – secretase inhibitors [5].

Very important factor for the pharmacological 
activity of every compound is its stability at differ-
ent physiological conditions. The degradation of 
drugs can occur through either reversible or irre-
versible processes. The most common factors that 
affect this stability include temperature, light, pH, 
oxidation and enzymatic degradation [6]. HPLC is 
very often used method for stability analysis and 
for analysis of related substances in tablet dosage 
forms [7]. TLC densitometric methods are devel-
oped and applied for the identification, determi-
nation and investigation of stability of different 
drugs, using as stationary phase silicagel G60F254: 
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Abstract. In current work were summarized the experimental results from the study of chemical stability of 
Galantamine peptide esters in different aqueous buffer solutions with pH = 2, pH = 7.4, pH = 9 at physio-
logical temperature for 6 h. The applied conditions were: stationary phase: Silicagel G60F254; mobile phase: 
n – butanol : water = 30 : 10 v/v, reflectance – absorbance mode at λ = 282 nm. 
Linear regression analysis was employed. The obtained regression equations show the proportional accor-
dance between spot area and concentration.
The experimental results show that the examined Galantamine esters are resistant at physiological tempera-
ture to chemical hydrolysis in aqueous buffer solutions with pH = 2, pH = 7.4, pH = 9, which is proved by 
the fact that during 6 h of experiment it is not observed the statistical significant difference between the 
values of area of spots. 
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1) Betaxolol: chloroform : methanol : ammonia  
25 % = 18 : 4 : 0.2 and λ = 280 nm [8]; 2) Carteolol in 
pharmaceutical dosage forms: chloroform : methanol 
= 5 : 1 and λ = 254 nm [9]; 3) Tramadol: chloroform 
: toluene : ethanol = 9 : 8 : 1 and λ = 270 nm [10]; 4) 
Aceclofenac: chloroform : methanol : ammonia = 48 
: 11.5 : 0.5 and λ = 274 [11]; 5) Prednisolone acetate 
(243 nm) and Chloramphenicol (278 nm): chloro-
form : methanol = 14 : 1 [12]; 6) Clopidogrel: carbon 
tetrachloride : chloroform : acetone = 6 : 4 : 0.15 and 
λ = 230 nm [13]. The aim of current study is to in-
vestigate the chemical stability in different aqueous 
buffer solutions with pH = 2, pH = 7.4, pH = 9 of new 
synthetized Galantamine peptide esters, which pos-
sesses both acethylcholinesterase and γ – secretase 
inhibitory activity [14].
Мaterials and methods 
Мaterials
I.	 6-O-N[N(3,4-dichlorophenyl)-D,L-Alanil-L-

Leucil-L-Glycil]-Galantamine (GAL – LEU) and 
6-O-N[(N-3,4-dichlorophenyl)-D,L-Alanil-L-
Valil-L-Glycil]-Galantamine (GAL – VAL) (syn-
tetized from prof. Vesenkov from Department 
of Organic Chemistry, University of Chemical 
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Technology and Metallurgy) (Fig. 1.) [14].
II.	 Reagents with analytical grade quality: n – bu-

tanol, water, boric acid, 0.1 mol/l HCl, 0.1 M so-
dium hydroxide, 1 M sodium hydroxide, disodi-
um hydrogen phosphate, sodium chloride, potas-
sium chloride, potassium dihydrogen phosphate.

III.	 TLC plates: Silicagel G60F254, 20 cm x 20 cm 
(Merck).

Мethod: TLC – densitometry
I.	 Instrumentation

TLC densitometric scanner TR 541a, performed in 
the reflectance – absorbance mode at λ = 282 nm and 10 
μl sample syringe (Hamilton, Bonaduz, Switzerland) 
were used for the chromatographic procedure.
II.	 Chromatographic TLC conditions:

stationary phase: precoated with Silicagel G60F254 
TLC plates; mobile phase n – butanol : water = 30 : 
10 v/v; detection at λ = 282 nm; length run – 120 mm.
III.	Buffer preparation:
Buffer reagents were of reagent grade. Buffer so-
lutions were prepared according to European 
Pharmacopoeia 5.0 : 01/2005:40103 as follows:

1)	 Buffer solution pH 2.0 : 4000200:
6.57 g of potassium chloride R were dissolved 

in water R and to the obtained solution 119.0 ml 
0.1 mol/l HCl were added. The mixture was dilut-
ed in volumetric flask to 1000.0 ml with water R.
2)	 Phosphate buffered saline pH 7.4 : 

4005000.
2.38 g of disodium hydrogen phosphate R, 0.19 

g of potassium dihydrogen phosphate R and 8.0 g 
of sodium chloride R were dissolved in water R. 
The obtained solution was diluted in volumetric 
flask to 1000.0 ml with the same solvemt.
3)	 Buffer solution pH 9.0: 4007000

Solution I. 6.18 g of boric acid R were dis-
solved in 0.1 M potassium chloride R and solu-

tion was diluted in volumetric flask to 1000.0 ml 
with the same solvent.

Solution II. 0.1 M sodium hydroxide.
Buffer solution pH 9.0 was prepared by mixing 
of 1000.0 ml Solution I and 420.0 ml Solution II.

IV.	 Preparation of solutions of GAL – LEU and 
GAL – VAL for linearity.

An accurately weighed quantity of GAL – LEU 
and GAL – VAL: 100 mg, 150 mg, 200 mg, 225 mg, 
250 mg, 275 mg, 300 mg was dissolved in Buffer 
solution pH 2.0 to 1.0 ml to obtain solutions with 
concentration correspondingly: 1.10–1 g/ml; 1.5.10–1 
g/ml; 2.10–1 g/ml, 2.25.10–1 g/ml, 2.5.10–1 g/ml, 
2.75.10–1 g/ml, 3.10–1 g/ml.
V.	 Preparation of solutions of Galantamine 

esters in buffers with pH = 2, pH = 7.4,  
pH = 9.

An accurately weighed quantity of 1 mg respec-
tively of GAL – LEU and GAL – VAL was dissolved 
in buffer solution with pH = 2.0, pH = 7.4, pH = 9.0 
to obtain concentration of 1 mg/1 ml. From every so-
lutions were taken 10 µl at every 30 min. during in-
terval of 6 hours. Chromatograms were prepared on 
TLC plates Silicagel G60F254 using the mobile phase 
n – butanol : water = 30 : 10 v/v. Chromatograms 
were scanned in reflectance – absorbance mode at λ 
= 282 nm.

Results and discussion
I.	 Linearity.

For the investigation of analytical parameter lin-
earity were prepared solutions with increasing con-
centration of respective compound and were ana-
lyzed separately by the written TLC densitometric 
method. The obtained results for spot area (A) and 
concentration (C) are shown on Table 1.

Linear regression analysis was employed to 
calculate the regression equations and the cor-
relation coefficients. The obtained regression 
equations show the proportional accordance be-
tween spot area and concentration. Calibration 
curves for linearity are illustrated on Fig. 2.  
(pH = 2), Fig. 3. (pH = 7.4) and Fig. 4. (pH = 9).

Very important factor for the pharmacological ac-
tivity of every compound is its stability at different 
physiological conditions. For the assessment of sta-
bility of acethylcholinesterase inhibitor Rivastigmine 
is described TLC method by using stationary phase: 
Silicagel G60F254, mobile phase: methanol : butanol : 
water : ammonia = 5 : 4 : 1 : 0.01 and densitometry in 
absorbance mode at λ = 263 nm [15]. 

In previous our experiments was confirmed that 

Мaterials and methods 

Мaterials

І) 6-O-N[N(3,4-dichlorophenyl)-D,L-Alanil-L-Leucil-L-Glycil]-Galantamine (GAL –

LEU) and 6-O-N[(N-3,4-dichlorophenyl)-D,L-Alanil-L-Valil-L-Glycil]-Galantamine 

(GAL – VAL) (syntetized from prof. Vesenkov from Department of Organic Chemistry, 

University of Chemical Technology and Metallurgy) (Fig. 1.) [14].

Fig. 1. Structures of Galantamine peptide esters.

6-O-N[N(3,4-dichlorophenyl)-D,L-Alanil-L-Leucil-L-Glycil]-Galantamine

6-O-N[(N-3,4-dichlorophenyl)-D,L-Alanil-L-Valil-L-Glycil]-Galantamine

ІI) Reagents with analytical grade quality: n – butanol, water, boric acid, 0.1 mol/l HCl,

0.1 M sodium hydroxide, 1 M sodium hydroxide, disodium hydrogen phosphate, sodium 

chloride, potassium chloride, potassium dihydrogen phosphate.

ІІІ) TLC plates: Silicagel G60F254, 20 cm x 20 cm (Merck).

Fig. 1. Structures of Galantamine peptide esters.
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N: Compound GAL – LEU GAL – VAL
С [g/ml] Area at  

pH = 2
Area at  

pH = 7.4
Area at  
pH = 9

Area at  
pH = 2

Area at  
pH = 7.4

Area at  
pH = 9

1. 1.10–1 59200 61200 65000 76800 61000 50000
2. 1.5.10–1 88300 90200 97000 112700 97800 59800
3. 2.10–1 123400 123800 135800 142000 125600 93600
4 2.25–1 136900 136500 147500 166500 131600 102000
5. 2.5.10–1 145200 152400 163500 190400 148300 114700
6. 2.75.10–1 167500 166500 179600 207400 172000 126900
7. 3.10–1 177600 183300 197400 224400 190600 135300

Table 1. Results for spot area for GAL – LEU and GAL – VAL at pH = 2, pH = 9

Fig. 3. Calibration curve for linearity of GAL – LEU and 
GAL – VAL at pH = 7.4.

Fig. 4. Calibration curve for linearity of GAL – LEU and 
GAL – VAL at pH = 9.

Fig. 2. Calibration curve for linearity of GAL – LEU and 
GAL – VAL at pH = 2.

the examined Galantamine peptide esters are resist-
ant in period of 6 h at room temperature and at dif-
ferent aqueous buffer solutions with pH values cor-
responded to the pH values in stomach (pH = 2), 
blood (pH = 7.4) and intestine (pH = 9) [16]. The 
aim of current study is to apply the TLC densitomet-
ric method for the investigation of chemical stability 
of esters for 6 h at 37 оС, corresponded to the body 
temperature and in aqueous buffer solutions with pH 
= 2, pH = 7.4 and pH = 9.

The content of every peptide ester is determined 
by method of calibration curve using the respec-
tive regression equation at different pH. For all of 
the obtained results for content of peptide esters is 
necessary to estimate the Chauvenet’s criterion (U), 
because when U for one value is higher than the rel-
evant standard criterion (USt), the result must be re-
moved as unexpected. 

The relation UC < 2.03 shows, that all experimen-
tal results for UC are lower, than standard require-
ment: Umax = 1.96 (n = 11) and it isn’t necessary to 
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Compound 
 

GAL – LEU

N: Time  
t [min.]

pH = 2 pH = 7.4 pH = 9

Area C  
mg/ml

UC Area C  
mg/ml

UC Area C  
mg/ml

UC

1. 0 6100 10.02 0.13 7200 11.76 1.12 5900 9.41 0.92
2. 30 6900 11.35 1.76 7200 11.76 1.12 6200 9.86 0.02
3. 60 6800 11.19 1.56 6800 11.11 0.61 6500 10.32 0.98
4. 90 6400 10.52 0.74 6400 10.45 0.09 6500 10.32 0.98
5. 120 6100 10.02 0.13 5500 8.97 1.06 6400 10.17 0.67
6. 150 6000 9.85 0.07 5700 9.30 0.80 6700 10.62 1.60
7. 180 5500 9.01 1.10 5600 9.14 0.93 5700 9.10 1.56
8. 210 5800 9.51 0.49 5700 9.30 0.80 6200 9.86 0.02
9. 240 5500 9.01 1.10 5700 9.30 0.80 6100 9.71 0.29
10. 270 5600 9.18 0.89 6100 9.96 0.29 6100 9.71 0.29
11. 360 5700 9.35 0.68 7700 12.58 1.76 5800 9.25 1.25

X 9.91 10.33 9.85
SD 0.82 1.28 0.48

Table 3. Chemical stability of GAL – LEU for 6 h at t = 37oC and pH = 2, pH = 7.4, pH = 9.

Compound GAL – VAL 
N: Time  

t [min.]
pH = 2 pH = 7.4 pH = 9

Area C  
mg/ml

UC Area C  
mg/ml

UC Area C  
mg/ml

UC

1. 0 7700 11.12 0.89 5500 8.97 0.97 4600 10.57 0.51
2. 30 7300 10.59 1.00 5800 9.45 0.23 4600 10.57 0.51
3. 60 7700 11.12 0.89 6300 10.26 1.02 4700 10.79 0.05
4. 90 7900 11.39 1.86 5400 8.81 1.22 4800 11.01 0.62
5. 120 7600 10.99 0.43 5700 9.29 0.48 4600 10.57 0.51
6. 150 7300 10.59 1.00 6500 10.59 1.52 4500 10.35 1.08
7. 180 7400 10.72 0.54 5500 8.97 0.97 4700 10.79 0.05
8. 210 7400 10.72 0.54 5600 9.13 0.72 4800 11.01 0.62

9. 240 7200 10.46 1.46 6500 10.59 1.52 5000 11.45 1.74
10. 270 7500 10.86 0.04 6100 9.94 0.52 4900 11.23 1.18
11. 360 7600 10.99 0.43 5900 9.61 0.02 4400 10.13 1.64

X 10.87 9.60 10.77
SD 0.28 0.65 0.39

Table 4. Chemical stability of GAL – VAL for 6 h at t = 37oC and pH = 2, pH = 7.4, pH = 9
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remove data for A and C. For the calculation of sam-
ple standard deviation (SD) is applied the Bessel’s 
correction, in which the denominator N − 1 (degrees 
of freedom) is used instead of N and in this case (S)2 
is an unbiased estimator for (SD)2. 

The experimental data show that between the val-
ue of spot area of zero time sample and spot areas of 
all samples stored under 37oC no statistical signifi-
cant difference is observed. This results confirm the 
chemical stability of esters at 37oC and different pH. 

On Таble 3. (GAL – LEU) and Table 4. (GAL – 
VAL) are presented the results for: 1) spot area; 2) 
quantity of compounds: C [mg/ml]; 3) Chauvenet’s 
criterion for content of compounds (UC).

Conclusion 
The results during 6 h of the experiment show that 

the examined Galantamine esters are resistant at 37oC 
to chemical hydrolysis in aqueous buffer solutions 
with pH = 2, pH = 7.4, pH = 9, selected as model of 
pH of the stomach, blood and intestine. The chemi-
cal stability of derivatives is proved by the fact that 
during 6 hour of experiment it is not observed the 
statistical significant difference between the values of 
spot area.
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