American Journal of Pharmacology  American Journal of
. Pharmacology .
and Pharmacotherapeutics e &

Pharmacotherapeutics

[ Research Article ]

The Solvent Influence on Thymidine-SDS-
Alcohol Micelle System: Studies With
UV-Vis Technique

Bhattarai A', Wachnik HW?" and Grzegorek M?
]Depa/‘nnenr of Chemistry, M.M.A.M.C, Tribhuvan University, Biratnagar, Nepal
Faculty of Chemistry, University of Warsaw, Pasteura 1,02-093 Warsaw, Poland

*Corresponding author e-mail: wilczura@chem.uw.edu.pl

ABSTRACT

The measurements of thymidine absorbance in presence of SDS/solvent/water systems at 25°C
by UV-Vis technique are reported. The solvents selected were the following aliphatic alcohols:
ethanol, n-butanol, n-heptanol and n-decanol. In this paper first time are presented data for SDS
micelles in alcohols with some addition of water. In all studied systems concentrations of SDS
(sodium dodecyl sulphate) were above CMC. Water concentration in the studied systems was
defined by R parameter according to relation: R=[H,O]/[AOT] and was between 0 to 50
depending on the system. In the present work SDS micelles mimicked in a very simple way the
structural aspects of some domain in bio membranes. The distribution of thymidine, which is one
of the pyrimidine bases of living matter (is found in the nucleic acid DNA) between organic and
micellar phase was the object of our study. Using UV-Vis technique the investigation of
thymidine/alcohol/SDS/water system at 25°C were done, and next the results were discussed in
the context of influence an aliphatic alcohol on thymidine interaction with SDS micelles.
Moreover, obtained results involve us to predict the privilege location of thymidine molecules in
SDS micelles. The experimental values of thymidine absorbance as a function of surfactant

American Journal of Pharmacology and Pharmacotherapeutics www.imedpub.com




Wachnik et al. ISSN 2393-8862

concentration was analyzed with NLREG procedure. There were two adjusted parameters: the
binding constant and distribution constant of thymidine partitioned between alcohol and SDS
micellar phase, and finally on thymidine distribution between solvent and SDS micelles.
Obtained results are discussed in the context of solvent influence on thymidine-SDS-alcohol-
water system. The UV data showed the strong influence of the hydrocarbon chain length in
alcohol and water concentration on the absorbance of thymidine in studied systems. The solvent
influence on thymidine absorption results from the type of SDS micelles in the system. In
ethanol and butanol SDS normal micelles are favoured; in heptanol and decanol SDS reversed
micelles are more probable. There was found that thymidine molecules interact stronger with
SDS micelles in decanol in comparison to shorter alcohols. Such tendency is probably connected
with different type of micelles (normal or reversed) existing in studied solvents: short and long
aliphatic alcohols.
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INTRODUCTION
Thymidine is a pyrimidine nucleoside
composed of the pyrimidine base thymine
attached to the sugar deoxyribose (Figure 1).
As a constituent of DNA, thymidine pairs
with adenine in the DNA double helix.
There are results of work on some thymidine
analogs’?, and there is a lot of research on
kinase®*,  and

thymidine thymidine

phosphorylase®>.  Thymidine in  water
solutions have been investigated by
Resonance Raman spectroscopy and density
functional theory (DFT)®. There is a lack of
information about UV-Vis studies on
thymidine/alcohol/water systems. Sodium
dodecyl sulphate (SDS) is an example of a

widely studied anionic surfactant. Its

structure consists of a hydrophilic (polar)
ionic group and hydrophobic (non-polar)
hydrocarbon chain (Figure 2). Above a
certain  concentration  (critical micelle
concentration or cmc), SDS molecules tend
to self-assemble and form clusters called
micelles and reversed micelles depending on
solvent polarity. In non-polar solvents,
reversed micelles of SDS can cover small
molecules as for example water molecules in
polar reversed micelles core™®. There are in
the scientific literature a lot of studies on
SDS micelles in water. Among many the
structure of SDS micelles in water has been
characterized by various methods, e.g.
small-angle neutron scattering (SANS). It

has been shown that micelles were slightly
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compressed, and their sizes decreased with
the temperature growth®. The phase diagram
of the SDS/water system has been
determined by differential
calorimetry (DSC)™. Shape and size of SDS

micelles in water have been studied also by
11,12

scanning

molecular dynamics (MD) simulations
SDS has been studied with Sum Frequency
Generation (SFG) spectroscopy at the
air/water interface'®, and at the CCly/water
interface'®. Micro emulsions consisting of
oil droplets in water stabilized with SDS
have been studied by sum frequency
scattering (SFS)™. Thermodynamics of lipid
membrane solubilization by SDS has been
investigated by right-angle light scattering
(RALS) and isothermal titration calorimetry
(ITC)™. There are many works in literature
referring to SDS in water and addition of
alcohols  systems  studies. An SDS
characteristic in the mixture of ethanol and
water has been studied by ion selective
electrode (ISE) technique to determine sizes
and aggregation numbers of the micelles in
these solutions’’. Coarse-grained (CG)
dynamical simulations have been used to
study the alcohol effect on SDS micelles
structure. Hexanol, octanol, decanol,
dodecanol, tetradecanol, and hexadecanol
have been chosen for this study’.

Volumetric measurements have been made

to determine the effect of methanol, ethanol,
n-propanol and iso-propanol on SDS/water

18-20 Research on other

systems
SDS/alcohol/water  systems has  been
reported by several authors* . It should be
noted that all of the studies cited above
were SDS micelles in water with the
possible addition of other solvents such as
of alcohols. In this paper are presented data
for SDS micelles in alcohols with some

addition of water.

Using UV-Vis technique investigation of
thymidine/alcohol/SDS/water ~ system  at
25°C were done and next results were
discussed in the context of influence an
aliphatic alcohols and water presence on
thymidine interaction with SDS micelles in

water presence.

EXPERIMENTAL PROCEDURE

Materials and media preparation

Sodium dodecyl sulphate (SDS 98%) was
from Sigma-Aldrich, Germany, and was
used as received, Thymidine (>99%) was
from Sigma — Aldrich, Germany and used
without further purification and solvents
(ethanol, n-butanol, n-heptanol and n-
decanol) were purchased from POCH,

Poland for spectroscopy quality. All
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alcohols were checked by UV-Vis before
using. Water was of bidistilled quality.

All solutions were prepared gravimetrically
at 25°C, and stirred 24 hours on magnetic
stirrer. SDS solutions in aliphatic alcohols
with different concentrations were all above
the CMC (critical micelle concentration).
For selected solvents CMC for SDS were
determined using procedure described
earlier®®. Numerical values are given in
Table 1. Obtained data were not compared

with literature because of lack of such data.

Analytical procedure

For all studied systems thymidine absorption
spectra were recorded in the range 200-350
nm at 25°C with Varian UV-Vis
Spectrophotometer (Model Cary 50 Conc.)
single beam equipped with 1 cm length
quartz quvette. UV measurements were
performed with the following procedure.
Before each measurement base line was
registered for suitable SDS/solvent system
(with or without water) and afterwards a
thymidine solution in the same solvent was
added. After adding thymidine solution to
the SDS once the whole liquid volume was
stirred very carefully. The absorption band
was registered as a function of surfactant
concentration. For the systems with the

addition of water its amount of added to

SDS solution was calculated according to
relation R=[H,0]/[SDS]. Depending on the
alcohol R parameter value was between 0
and 50.

RESULTS AND DISCUSSION

The final thymidine concentration in a
quartz quvette was 7.07 x 10° M in all
alcohols.  This concentration involved
obtaining a  well-marked tthymidine
absorption bands in used solvents (Figure 3).
The band | maximum was at around 215 nm
and suitable for band Il at 267 nm. The
highest absorption for thymidine were
registered in n-butanol the lowest in ethanol.
For other alcohols obtained intermediate

values.

In further study the intense of band Il as a
function of SDS concentration and R value
was detected. In Figure 4 is shown the band
Il for thymidine/butanol/water system
depending on water addition. For the other
systems similar spectrums were registered

for different SDS concentrations.

All obtained spectrums were analyzed in the
context on thymidine absorption at 267 nm
as a function on surfactant concentration.
The results are presented in Figures 5-8 for
ethanol, butanol, heptanol and decanol as
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solvents suitable. The thymidine absorbance
for band Il registered after mixing
SDS/alcohol/water solution changed not
only with SDS concentration but also with
water addition. The experimental values of
thymidine absorbance as a function of
surfactant concentration for different R
value were analyzed with NLREG
procedure. We assumed that after mixing
thymidine molecules interact with SDS
micelles and the total absorption is a sum of
thymidine bonding to micelles and “free
thymidine” dissolved in solvent. The total
absorbance is a sum of two contributions:
absorbance of thymidine dissolved in SDS
micellar phase and absorbance of thymidine
dissolved in organic phase. Following the
procedure developed by Magid et al.* for
analyzing UV-Vis spectra of phenols in
AOT/isooctane/water system the binding
constant (K’) of thymidine to SDS micelles
and thymidine absorbance in pure solvents
were obtained as a fitting parameter from

the following relation:

, (A, — A)K'[SDS]

1+ K'[SDS] @)

A=A,

where: Ap and A, are thymidine absorbance
in pure alcohol and micellar phase
respectively, K’-binding constant and [SDS]
surfactant concentration. A is a total

absorbance registered experimentally as a

function of SDS concentration. For systems
with water addition R value was taken into
account in equation (1). So, there were two
adjusted parameters: the binding constant
and thymidine absorbance in micellar phase.
Ao was measured in a separate experiment.
For the studied systems the thymidine
distribution constant between micellar and
organic phases were calculated from the

relation:
K'=K- MSDS (2)

In NLREG procedure thymidine binding
constant (K’), and Ay were obtained and
then constant distribution K was calculated.
The numerical values of K’ and K are
presented in Table 2 and in Figures 9 and
10.

Obtained results indicate on both solvent
and water influence on thymidine/ SDS-
alcohol-water system. Except n-butanol the
UV data showed the strong influence of the
alcohol chain length, and water contents on
the thymidine absorption in studied systems.
In case of n-butanol the thymidine
absorption was not changed with water
contents, see data for R=5 and 50 (Figure
10). For the other systems both without
(R=0) and with water (R=10, and R=20), the

binding constant (K’) and distribution
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constant (K) values increased in the

following order:

Ethanol<Heptanol<<Decanol.

Thymidine absorption on micellar phase

(Am) changed as follows:

Ethanol<<Heptanol>Decanol in the systems
without water. Such tendency indicates on
complex interactions between thymidine
molecules and micelles. It is probably
connected with different type of micelles
(normal or reversed) existing suitable in
short and long aliphatic alcohols. Moreover,
in case of SDS micelles in ethanol an
addition of water causes strong interactions
between water molecules and surfactant’s
polar heads which result with hydrogen
bonds formation. In such systems interaction
of thymidine molecules with SDS micelles
are weaker in comparison to SDS reversed
micelles present in longer aliphatic alcohols.
Interesting tendency was observed for
thymidine absorption on micellar phase (An,
parameter) depending on the solvent. The
highest values were obtained for n-heptanol
and the lowest for ethanol. If we compare
the distribution constants in studied systems,
it seems that in the systems containing

reversed micelles thymidine molecules

moves from the solvent to micellar phase
and stronger interact. Still it needs additional

investigations.

CONCLUSION

The results of UV-Vis measurements of
thymidine/alcohol/SDS/water systems show
the significant influence of solvent, and

water addition on thymidine absorption.

The solvent influence on thymidine
absorption results from the type of SDS
micelles in the system. In ethanol and
butanol SDS normal micelles are favoured;
in heptanol and decanol SDS reversed

micelles are more probable.

Thymidine molecules interacts stronger (see
binding constant as function of carbon atom
numbers) with SDS micelles in decanol in
comparison to shorter alcohols. Such
tendency is probably connected with
different type of micelles (Normal or
reversed) existing in studied solvents: short

and long aliphatic alcohols.

REFERENCES

1. Kim T.W., Kool E.T., A set of nonpolar
thymidine nucleoside analogues with
gradually increasing size. Org Lett 2004;
6: 3949-3952.

AJPP [4][03][2017] 08-22



Wachnik et al.

ISSN 2393-8862

2. Adams D.R., Maillard C.P.M., Florent

J.C., et al. Preparation and anti-HIV
activity of N-3-substituted thymidine
nucleoside analogs. J Med Chem 1997,
40: 1550-1558.

Kit S., Leung W.C., Jorgensen G.N.,
1974.
thymidine kinase isozymes induced by

Distinctive  properties  of
human and avian herpesviruses. Int J
Cancer 1974; 14: 598-610.

Munch-Petersen B., Tyrsted G., Cloos
L., Reversible ATP-dependent transition
between two forms of human cytosolic
thymidine  kinase  with  different
enzymatic properties. J Biol Chem 1993;

268: 15621-15625.

. Stark M., Bram E.E., Akerman M.,

Heterogeneous  nuclear  ribonucleo
protein H1/H2-dependent unsplicing of
thymidine phosphorylase results in
anticancer drug resistance. J Biol Chem
2011; 286: 3741-3754.

. Zhu X.M., Wang H.G., Zheng X., et al.
Role of ribose in the initial excited state
structural dynamics of thymidine in
water solution: A resonance raman and
density functional theory investigation. J
Phys Chem B, 2009; 112: 15828-15836.
Fendler J.H., Atomic and molecular
mimetic

clusters in membrane

chemistry. Chem Rev 1987; 87: 877-

10.

11.

12.

13.

899.

Langevin D., Structure of reversed
micelles: Structure and reactivity in
reversed micelles. Elsevier, Amsterdam
1989: 13-44.

Hammouda B., Temperature effect on
the nanostructure of SDS micelles in
water. J Res Natl Inst Stand Technol
2013; 118: 151-167.

Kékicheff P., Grabielle-Madelmont C.,
Ollivon M., Phase diagram of sodium
dodecyl sulfate-water system: 1. A
calorimetric study. J Colloid Interface
Sci 1989; 131: 112-132.

Bruce C.D., Berkowitz M.L., Perera L.,
Molecular dynamics simulation of
sodium dodecyl sulfate micelle in water:
Micellar structural characteristics and
counterion distribution. J Phys Chem B
2002; 106: 3788-3793.
Bruce C.D., Senapati
M.L., et al

simulations of sodium dodecyl sulfate

S., Berkowitz
Molecular  dynamics
micelle in water: The behavior of water.
J Phys Chem B 2002; 106: 10902-
10907.

Ward R.N., Duffy D.C., Davies P.B., et
al. Sum-frequency spectroscopy of
adsorbed at a flat
hydrophobic surface. J Phys Chem 1994;

98: 8536-8542.

surfactants

AJPP [4][03][2017] 08-22



Wachnik et al.

ISSN 2393-8862

14. Messmer M.C., Conboy J.C., Richmond

15.

16.

17.

18.

19.

G.L., Observation of molecular ordering
at the liquid-liquid interface by resonant
sum frequency generation. J Am Chem
Soc 1995; 117: 8039-8040.

de Aguiar H.B., Strader M.L., de Beer
A.G.F.,

sodium dodecyl sulfate surfactant and oil

et al. Surface structure of
at the oil-in-water droplet liquid/liquid
interface: A manifestation of a
nonequilibrium surface state. J Phys
Chem B 2011; 115: 2970-2978.

Keller S., Heerklotz H., Jahnke N., et al.
Thermodynamics of lipid membrane
solubilization by sodium dodecyl sulfate.
Biophys J 2006; 90: 4509-4521.
Javadian S., Gharibi H., Sohrabi B., et
al. Determination of the physico-
chemical parameters and aggregation
number of surfactant in micelles in
binary alcohol-water mixtures. J Mol
Lig 2008; 137: 74-79.
Méndez-Bermudez J.G., Dominguez H.,
Structural changes of a sodium dodecyl
sulfate (SDS) micelle induced by alcohol
molecules. J Mol Model 2016; 22: 1-9.
Motin Md.A., Hafiz Mia M.A., Nasimul
AKM,,

properties of sodium dodecyl sulfate

Islam Thermodynamic

aqueous  solutions with  methanol,

ethanol, n-propanol and iso-propanol at

20.

21.

22.

23.

24.

different temperatures. J Saudi Chem
Soc 2015; 19: 172-180.

Motin M.A., Hafiz Mia M.A., Salim
Reza K.M., et al. Effect of sodium
dodecyl sulfate on volumetric properties
of methanol, ethanol, n-propanol and
iso-propanol  at  (298.15-323.15K).
Dhaka Univ J Sci 2012; 60: 129-136.
Bhardwaj V., Sharma P., Chauhan M.S.,
et al.

Micellization, interaction and

thermodynamic study of butylated
hydroxyanisole (synthetic antioxidant)
and sodium dodecyl sulfate in aqueous-
ethanol solution at 25°C, 30°C and
35°C. J Saudi Chem Soc 2016; 20: 109-
114.

De Lisi R., Genova C., Testa R., et al.
Thermodynamic properties of alcohols
in a micellar phase: Binding constants
and partial molar volumes of pentanol in
sodium dodecylsulfate micelles at 15,
25, and 35°C. J Solution Chem 1984, 13:
121-150.

Rafati A.A., Gharibi H., Rezaie-Sameti
M., Investigation of the aggregation
number, degree of alcohol attachment
and premicellar aggregation of sodium
dodecyl sulfate in  alcohol-water
mixtures. J Mol Liq 2004; 111: 109-116.
James-Smith M.A., Alford K., Shah

D.O., Effect of long-chain alcohols on

AJPP [4][03][2017] 08-22



Wachnik et al.

25.

26.

217.

28.

29.

ISSN 2393-8862

SDS partitioning to the oil/water
interface of emulsions and on droplet
size. J Colloid Interface Sci 2007; 315:
307-312.

Patist A., Axelberd T., Shah D.O., Effect
of long chain alcohols on micellar
relaxation time and foaming properties
of sodium dodecyl sulfate solutions. J
Colloid Interface Sci 1998; 208: 259-
265.

Hayase K., Hayano S., Tsubota H.,
Effects of temperature on the
distribution of 1-alcohols in aqueous
SDS  micellar ISA
(Interaction of Surfactant and Additive)
coefficients. J Colloid
1984; 101: 336-343.

Mc Greevy R.J, R.S,

Influence of n-butanol on the size of

solutions and
Interface Sci
Schechter
sodium dodecyl sulfate micelles. J
Colloid Interface Sci 1989; 127: 209-
213.

Abuin E.B., Lissi E.A., Partitioning of n-
hexanol and n-heptanol in micellar
solutions of sodium dodecyl sulfate. J
Colloid Interface Sci 1983; 95: 198-203.
Hayase K., Hayano S., Effect of alcohols
on the critical micelle concentration
decrease in the aqueous sodium dodecyl
sulfate solution. J Colloid Interface Sci

1978; 63: 446-451.

30.

31.

32.

33.

34.

35.

Hgiland H., Ljosland E., Backlund S.,
Solubilization of alcohols and alkanes in
aqueous solution of sodium dodecyl
sulfate. J Colloid Interface Sci 1984,
101: 467-471.
Leung R., Shah

properties of micellar

D.O,,

solutions: .

Dynamic

Effects of short-chain alcohols and
polymers on micellar stability. J Colloid
Interface Sci 1986; 113: 484-499.

Bury R., Treiner C., Heats of solution of
aliphatic and aromatic, linear, branched,
and cyclic alcohols in aqueous sodium
dodecyl sulfate micelles at 298°K. J
Colloid Interface Sci 1985; 103: 1-10.
Reekmans S., Luo H., Van der Auweraer
M., et al.

alkanes on the aggregation behavior of

Influence of alcohols and

ionic surfactants in water. Langmuir
1990; 6: 628-637.
Chillura Martino D.,

Floriano M.A., et al. Localization of n-

Caponetti E.,

alcohols and structural effects in
aqueous solutions of sodium dodecyl
sulfate. Langmuir 1997; 13: 3277-3283.
M.G., G.L.,
Photophysical characterization of mixed
of n-butanol/SDS and n-

hexanol/SDS. A study at low alcohol

Neumann Sena

micelles

concentrations. Colloid Polym Sci 1997;
275: 648-654.

AJPP [4][03][2017] 08-22



Wachnik et al. ISSN 2393-8862

36. Magid L.J., Kon-no K., Martin C.A., and micro emulsion aggregates. J Phys
Binding of phenols to inverted micelles Chem 1981; 85: 1434-1439.
Figures and Tables

Figure 1: Chemical structure of thymidine.
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Figure 2: Chemical structure of SDS.
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Figure 3: Thymidine spectrum in butanol (red), heptanol (green), decanol (dark blue) and in
ethanol (dark pink).
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Figure 4: Thymidine band Il in SDS/butanol for R=0 (green line), R=5(red line) and R=50 (dark
pink line).
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Figure 5: Absorption of thymidine band Il at 267nm as function of SDS/ethanol concentration
for different R.
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Figure 6: Absorption of thymidine band Il at 267nm as function of SDS/butanol concentration

for different R.
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Figure 7: Absorption of thymidine band Il at 267nm as function of SDS/heptanol concentration

for different R.
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Figure 8: Absorption of thymidine band Il at 267nm as function of SDS/decanol concentration

for different R.
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Figure 9: Binding constants of thymidine and SDS micelles as a function of hydrocarbon chain

length in solvents with different water addition.
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Figure 10: Thymidine absorption at micellar phase in alcohols in the water presence.
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Table 1: Critical micelle concentration (CMC for SDS in alcohols.

Number of carbon
atoms in alcohol CMC [mmol/L]
2 0.412
4 0.302
7 0.274
10 0.261

Table 2: The fitting parameters in the NLREG analysis of the UV-Vis data for thymidine
partitioning between SDS micelles and alcohols for different R parameter (R=[H,O]/[AOT]).

Alcohol R K’ [kg/mol] An K
Ethanol 0 11700 0.3210 40.57
10 6524 0.2980 22.62
20 2511 0.2910 8.71
n-butanol 5 1915 1.3200 6.64
50 1820 1.1400 6.31
0 13867 1.2665 48.09
n-heptanol 10 6024 1.2697 20.89
20 5370 1.2383 18.62
n-decanol 0 41600 0.8630 144.26
10 37000 0.8430 128.31
20 43100 0.8210 149.46
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