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The aim of this preformulation research was to
use a selective catalyst to create new surface-active
agents, products of oxyethylation of cholic acid,
with various content of nTE = 70 (nTE = number of
oxyethylene segments).

Estimation of selected hydrodynamic values,
surface activity (γ), and the level of HLB
(hydrophilic-lipophilic balance) may serve as the
basis for estimating the application characteristics of
homologous derivatives. Moreover, it may be used
for further preformulation research on their solubi-
lizing properties for selected therapeutic agents
belonging to BCS (Biopharmaceutical Classifi-
cation System) Class II and III (1-17).

This aspect of research on the catalytic process
of cholic acid oxyethylation was integrated with
chromatographic (HPLC, high-performance liquid
chromatography and GPC, gel permeation chro-
matography) comparative analyses of molecular
mass dispersion in obtained product, and particular-
ly its content of polyethylene glycols (PEG).

The Tween type polysorbates (Tween-40, -60,
-61, -80, and -85) were considered as the reference

class of surfactants. Currently, these compounds are
widely used in drug and cosmetic form technology,
where they serve as hydrophilizers of pill mass,
emulsifiers and micellar solubilizers for lipophilic
therapeutic agents (18-20).

The results obtained facilitate innovative pre-
formulation research on the creation of solid oral
dosage form with a physiologically stable process of
pharmaceutical availability and the process of mass
exchange at phase boundary. We expect that the
synthesized class of non-ionic surfactants will be
recognized as xenobiotics by the human enzymatic
systems, and will markedly modulate the physiolog-
ical value of lithogenolithic index of bile A (so-
called Lindblat index) (21).

EXPERIMENTAL

Reagents 

Oxirane (ethylene oxide, Mazowsze Refinery
and Petrochemical Plant ìPetrochemiaî, P≥ock,
Poland); NaOH catalyst employed in the process of
oxyethylation (Surface-Active Agent Plant ìICSO
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Blachowniaî, KÍdzierzyn-Koüle, Poland); cholic
acid, C24H40O5, ROTH (Carl Roth GmbH,
Germany); diclofenac, 2-[2-[(2,6-dichlorophenyl)
amino]phenyl]acetic acid (Sigma, Germany); rutin
(Rutosidum), analytically pure (Sichuan Xieli
Pharmaceutical Co. Ltd., China); loratadine, analyt-
ically pure (Zydus Cadila ñ Cadila Healtcare Ltd.,
India); polysorbates, polyoxyethylene sorbitan fatty
acid esters (Tweens): Tween-40 (Aldrich), Tween-
40 (Fluka), Tween-60 (Loba), Tween-60 (Serva),
Tween-61 (Koch-Light), Tween-80 (Suchardt),
Tween-80 (POCH Gliwice, Poland), Tween-85
(Atlas), and Tween-85 (Loba). Basic physicochemi-
cal and application characteristics of Tweens as
widely used excipients of cosmetics and pharmaceu-
tical products were presented in numerous mono-
graphs and publications (22-24).

Synthesis of the oxyethylation products of cholic

acid

Oxyethylation of cholic acid was conducted
with the use of an oxyalkylation facility located at
the Surface-Active Agent Plant Institute of Heavy
Organic Synthesis - ìICSO Blachowniaî in
KÍdzierzyn-Koüle. The products of oxyethylation of
cholic acid with the declared content of nTE = 70
were obtained with the use of selective catalyst
(NaOH) as previously described (8, 16). Chart 1
illustrates the course of the oxyethylation process.
The parameters of oxyethylation process are sum-
marized in Table 1. Established weight-average
molecular mass of cholic acid (Mw) was 408 g/mol.
The synthesis was carried out in an inert solvent ñ
high purity mineral oil (Ondina, Stell). After the
completion of synthesis and cooling, the final prod-
uct (mineral oil phase) was separated by decantation
and drying.

HPLC determination of the average molecular

mass dispersion in the products of catalytic

oxyethylation of cholic acid and in the reference

polysorbates 

HPLC determination of molecular dispersion
in the products of catalytic oxyethylation of cholic
acid and in the reference polysorbates (GPC) is
based upon separating the sample into molecules of
various hydrodynamic volumes. GPC is considered
a relative technique due to system calibration and
maintenance of stable analytical conditions. The
system was calibrated with standard polystyrene
structures with linear structure and known physico-
chemical parameters such as content-average (Mh)
and weigh-average (Mw) molecular mass.

Equipment

Chromatographic set: L7100 pump (Merck
Hitachi) with degasifier (Knauer) and manually dos-
ing pump (Knauer) with 20 mL loop volume, refrac-
tometric detector (Varian) with the ìGrams-386 for
chromatographyî software (Galactics) for collection
and analysis of experimental data.

Conditions of chromatographic analysis

Column: connected to pre-column 50 ◊ 4.6
mm, eluent (THF, tetrahydrofuran) flow rate 0.3
cm3/min. At 30 ± 0.1OC column temperature, the
deviation of retention time amounted 0.2%.
Retention time of all chromatographs was corrected
by adjusting the retention time of systemic peak to
constant value 22.350 ± 0.001 min. The system was
calibrated with polystyrene (PS) molecular mass
standards (Polimer Laboratories); PS with Mw =
98300 (Aldrich) and PS with Mw = 500 (Fluka). The
concentration of prepared calibration solutions
ranged from 10 to 16 mg PS per 10 cm3 of eluent.

Chart 1. Schematic presentation of the cholic acid oxyethylation process. Selected parameters of the oxyethylation process of cholic
acid. Powdered catalyst, NaOH
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Separation efficiency of the column determined for
PS 9200 and PS 98300 amounted 4.32.

Determination of the polyethylene glycol (PEG)

content in the product of cholic acid oxyethyla-

tion and in the reference polysorbates

Total concentrations of PEGs in the product of
cholic acid oxyethylation and in the reference
polysorbates were determined by means of reversed-
phase liquid chromatography with 65% aqueous
solution of acetonitrile as eluent. Quantitative deter-
mination was performed onto the ODS 250 ◊ 2.1
mm column with ELSD detector (evaporative light
scattering detector). The detection is based on spray-
ing and evaporation of the column eluent, and inten-
sity determination of light scattered by the obtained
dispersion system (spray). The column was calibrat-
ed with the PEG 1000 standard (Fluka) based on the
following relationship between the concentration
progression from 0.48 to 2.40 mg per 10 mL, and the
peak area (mm2):

P(mm2) = f(c, mg/mL)
This aforementioned relationship was described by
the following approximation formula (by p = 0.05
and r2 ≥ 0.9950):

P(mm2) = 12.5150 × c(mg/mL) ñ 6.4748
which was further transformed into the following
application version:

6.4748c = P + ñññññññññ
12.5150

and enabled the estimation of PEG contents in the
oxyethylation product of cholic acids and in refer-
ence polysorbates.

Example chromatograms of the cholic acid
oxyethylation products and reference polysorbates
are presented in Figures 1 and 2, respectively. The
results of chromatographic analysis characterizing
the homologous lines of the cholic acid oxyethyla-
tion products and reference polysorbates are sum-
marized in Tables 2 and 3.

Estimation of the number of oxyethylated seg-

ments (nTE) and HLB1H NMR

The 1H NMR spectra of the products of
oxyethylation of cholic acid were obtained as
described previously (8, 16). They were used to cal-
culate the hydrophilic-lipophilic balance on the
basis of the following equation:

15 × AhHLB1HNMR = ñññññññññññññññññññ
0.05(15 × Ah + 10 × A1

where: Ah ñ number of hydrophilic protons; Al ñ
number of lipophilic protons.
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Determination of the overall number of
lipophilic protons ΣlH = 36 in the structure of the
molecule of cholic acid made it possible to calculate
the content of oxyethylated segments in the product
on the basis of the following equation (8, 16):

AhnTE = (36 × ñññ ñ 3)/4
A1

The estimated content of nTE(x) enabled calcula-
tion of the weight-average molecular mass (Mw) on
the basis of the equation:

Mw = 408.58 + nTE(x) × 44.053

Determination of drop-point temperature (TK)

Drop-point temperature was determined in
accordance with the Polish Pharmacopoeia (FP

VIII) and respective Polish Standard (16). The
obtained values of TK were used to calculate the pre-
dicted viscosity of the surfactant at the drop-point on
the basis of the following equation:

η = 5.1 × 10-4 × M1/2
w × T1/2

K × V-2/3
S

which was further transformed into the following
application version:

1η = 5.1 × 10-4 × √Mw × √TK × ññññ3√V2
S

where: TK ñ drop-point temperature (273 + tOC), Mw

ñ weight-average molecular mass (g/mol), VS ñ
molar volume (cm3 ◊ mol-2) calculated by means of
the Fedors method (18). Drop-point temperature
was employed to estimate the volume expansion
coefficient (αVo) and the limited expansion coeffi-

Figure 2. Example chromatograms of reference polysorbates

Figure 1. Example chromatograms of the cholic acid oxyethylation products



1070 MICHA£ KRZYSZTOF KO£ODZIEJCZYK et al.
T

ab
le

 3
. D

et
er

m
in

ed
 b

y 
m

ea
ns

 o
f 

ge
l c

hr
om

at
og

ra
ph

y,
 c

on
te

nt
-a

ve
ra

ge
 (

M
h)

 a
nd

 w
ei

gh
t-

av
er

ag
e 

(M
w

) 
m

ol
ec

ul
ar

 m
as

se
s,

 M
w

/M
h

ra
tio

, r
et

en
tio

n 
tim

e 
of

 th
e 

pe
ak

 m
ax

im
um

 (
t p

),
 a

nd
 th

e 
es

tim
at

ed
 P

E
G

 c
on

te
nt

(%
) 

in
 th

e 
T

w
ee

n 
ty

pe
 p

ol
ys

or
ba

te
s 

(T
w

ee
n-

40
, -

60
, -

61
, -

80
, a

nd
 -

85
).

Po
ly

so
rb

at
e

C
on

te
nt

PE
G

 c
on

te
nt

Po
ly

so
rb

at
e 

Pe
ak

 M
p

(%
) 

M
η

M
w

M
w
/M

η
t p 

M
p

(%
) 

 

T
w

ee
n 

40
27

77
75

.4
4

(F
lu

ka
) 

10
52

8.
64

68
2

99
5 

23
59

 
2.

37
 

15
.8

1 
27

77
5.

51
31

.8
4

29
5

6.
62

13
2 

3.
79

   

T
w

ee
n 

40
28

71
67

.6
4

(A
ld

ri
ch

) 
11

26
6.

97
68

6
82

4 
22

02
 

2.
67

 
15

.7
4

28
71

12
.6

9
28

.0
1

24
4

7.
08

13
7 

5.
62

   

T
w

ee
d 

60
32

68
52

.7
5

(L
ob

a)
 

18
25

17
.3

4
77

8
71

5 
24

72
 

3.
45

 
15

.4
8 

32
68

 
14

.4
2

22
.3

3
26

9
7.

95
13

7
7.

54
   

T
w

ee
n 

60
24

87
89

.5
4

(S
er

va
) 

49
9

3.
42

23
9

10
37

 
24

00
 

2.
31

 
13

.4
8 

24
87

 
3.

91
44

.2
2

13
4 

3.
13

 

T
w

ee
n 

61
25

85
17

.8
9

(K
oc

h-
L

ig
ht

) 
20

58
22

.0
9

14
24

77
2 

15
47

 
2.

00
 

16
.3

9 
20

.5
8 

27
.8

1
28

.6
6

78
0

18
.0

8
29

6
10

.6
6

14
7

3.
47

  

T
w

ee
n 

80
31

19
78

.0
0

(S
ch

uc
ha

rd
t)

 
79

4
10

.9
8

26
7

93
3 

35
23

 
3.

77
 

15
.5

7 
31

19
 

6.
35

30
.9

5
15

3 
4.

67
  

T
w

ee
n 

80
13

84
7

7.
94

(D
if

ic
a)

 
34

03
72

.0
4

71
7

87
5 

43
07

 
4.

92
 

15
.4

0 
34

03
 

6.
98

26
.1

1
28

7
10

.1
1

10
6 

2.
39

 



Solubilizing properties of new surface-active agents... 1071

cient (αlo) of the surfactant (polymer) during an
equilibrium change of physical state by means
of the Lennard-Jones equation:

α 1
Tk = ññññññ × ññññññ

4β1 αVo

after the introduction of the constant:
α           1

ññññññ × ññññññ
4β1               42

where: α and β - constant coefficients of
Lennard-Jones equation and an application
transformation:

1            1αVo = ññññññ × ññññññ
42           Tk

The calculated values characterizing the
structure of the products of oxyethylation of
cholic acid are presented in Table 4.

Viscosity and surface activity of aqueous solu-

tions of the products of cholic acid oxyethyla-

tion

The limiting viscosity number LVN [η] of
aqueous solutions of the products of oxyethyla-
tion of cholic acid was estimated on the basis of
the Polish Standard by means of the Ubbelohde
viscosimeter (19). The estimated limiting vis-
cosity number was used to calculate several vis-
cosity values: Mη ñ viscosity average molar
masses, Ro ñ end of mean square distance
between chain terminals, Robs ñ hydrodynamic
value of micelle radius, Ω ñ effective volume,
and the solubilization index n/s/. The results are
summarized in Table 6.

Micellar solubilization of lipophilic therapeu-

tic agents in the environment of aqueous solu-

tions of cholic acid oxyethylation 

Previously described spectroscopic method
(12-15) was employed to determine the amount
of BCS Class II and III lipophilic therapeutic
agents solubilized in equilibrium conditions in
aqueous solutions of novel surface-active agents
with cexp ≥ cmc (exposure concentration ≥ criti-
cal micelle concentration) (17). The transforma-
tion of regression equations with p = 0.05 to the
form:

a
c/s/ = A ñ ññ

b

where A ñ absorbance; a, b ñ coefficients of
equation makes it possible to calculate the
amount of the solubilized therapeutic agent. The
results of the calculation can be used to estimate
the value of the micellar partition coefficient.
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RESULTS AND DISCUSSION

In order to assess the quality of products of the
catalytic oxyethylation of cholic acid, their chro-
matographic parameters (determined by HPLC and
GPC) were compared to the reference Tween type
polysorbates (Tween-40, -60, -61, -80, -85) provid-
ed by world-leading manufacturers of this class of
non-ionic surfactants (22-24).

Surprisingly, the Tween type polysorbates
(Table 3) were characterized by a marked dispersion
of molecular masses (Mh i Mw) and high contents of
polyethylene glycols (PEG) ranging from 22.33 to
44.22% by a declared number of oxyethylated seg-
ments (nTE = 20); the only exception pertained to the
Tween-61 type polysorbate whose nTE ≅ 4.

However, the polyethylene glycol content was
variable in the case of the homologous cholic acid
oxyethylation products with nTE ranging from 10 to
70. Determined content of PGE ranged from 10.62
to 42.52% for the product of cholic acid with nTE =
50 and the product with nTE = 70, respectively.

Physicochemical values characterizing the
structure of the products of oxyethylation of cholic
acid with the progressive content of ethylene oxide
(nTE) presented in Table 4 suggest that the process of
liquefaction takes place within a relatively narrow
range of drop-point temperatures (tK, OC) from 37.5
to 53.5OC. This finding actually determines the
direction of their application in drug form technolo-
gy. Interestingly, an increase in the content of
hydrophilic oxyethylated segments (nTE) in the prod-
uct structure was associated with the systematic
decrease in structural viscosity in the state of lique-
faction (η ◊ 10-4 P) and the lower calculated values
of the volume expansion coefficient (αVo) as well as
the linear expansion coefficient (αlo). This suggests
the anticipated increase in the water solubility of the
product and substantiates its application as a solubi-
lizer for lipophilic BCS Class II and III therapeutic
agents (5-8, 10).

The use of the selective catalyst (NaOH) in the
process of oxyethylation does not necessarily corre-
spond to symmetric addition of ethylene oxide to
hydroxyl groups remaining in the structure of cholic
acid molecule.

Consequently, the content of nTE determined by
means of 1H NMR corresponds to the total partici-
pation of hydrophilizing factor in analyzed product.
Therefore, this content in Table 5 constituted the
basis for estimating the weight-average molecular
mass (Mw) and particularly for determining the level
of hydrophilic-lipophilic balance (HLB) in inde-
pendent notations (Griffin, Davies, 1H NMR i HLBR

methods) and calculating the solubility parameter ñ
δ1/2 in Tables 4 and 5.

The oxyethylation products with HLB ≥ 14 (as
determined by the Griffin method) were character-
ized by satisfactory solubility in Table 2.
Consequently, such products may be used during
preformulation research as micellar solubilizers for
lipophilic therapeutic agents (BCS Class II and III)
and cholesterol (HLB = 1.0).

Hydrodynamic parameters of the micelle solubi-

lizing lipophilic therapeutic agents in equilibrium

conditions 

Determined by means of the Ubbelholde
method, the viscosity of aqueous solutions of the
cholic acid oxyethylation products with nTE = 20
enabled calculation of the limiting viscosity number
(LVN [η]), the content-average molecular mass
(Mη) and the hydrodynamic values of the micelle,
i.e., Ro, Robs, and Ω in Table 6.

Moreover, the number of the water molecules
bound in the pallisadic layer of the micelle by
hydrophilic segments of solubilizers in Table 7 was
determined from the equation:

Mη ñ MwnH2O = ñññññññññ
18.015

Despite its interpretational complexity, the
value of  nH2O  describes the depth of the hydration
layer. In turn, the thermodynamic stability of the lat-
ter determines the mechanism and solubilization site
of the lipophilic therapeutic agent.

Furthermore, the number of methanol mole-
cules solvated by the lipophilic ìcoreî of the
oxyethylation product in Table 6 was estimated
based on the following formula:

Mη ñ Mwn/s/CH3OH = ññññññññññññ
MczCH3OH

The basic viscosity (hydrodynamic) parame-
ters characterizing the efficiency and the site of sol-
ubilization of selected lipophilic therapeutic agents
are summarized in Tables 8-10. These data demon-
strate that from a thermodynamic viewpoint the
process of micellar adduct formation is not associat-
ed with the loss of water molecules from the pal-
lisadic layer of a micelle. This finding corresponds
to an increase in hydrodynamic parameters of the
micelle of the adduct (Ro, Robs, Ω), specific for the
analyzed therapeutic agent, and is further confirmed
by the solubilization index value which is calculated
from the following formula:

Mηadduct
ñ  Mwsolubilizern/s/ =  ñññññññññññññññññññ

Mwther. agent
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Moreover, this aforementioned observation
was confirmed by the amounts of solubilized thera-
peutic agents: diclofenac, loratadine and rutin in
Tables 8-10.

Basic calculated viscosity and hydrodynamic
parameters along with spectroscopically determined
amount of solubilized diclofenac, loratadine and
rutin suggest that the thermodynamically stable
adduct is synthesized as a result of the equilibrium
process of solubilization. The effective volume (Ω)
of this adduct is the function of the amount of ther-
apeutic agent adsorbed in the pallisadic layer of the
micelle structure.

These aforementioned parameters are impor-
tant for potential, effective in vivo transport of ther-
apeutic agent (analogically to the processes
observed in human bile A).

CONCLUSIONS

Measuring the drop-point temperature of the
products of oxyethylation in the presence of the
selective catalyst (NaOH) of cholic acid suggested a
further direction of research concerned with their
application in drug form technology. This was pos-
sible due to the estimation of the structural viscosity
in the state of equilibrium liquefaction (η) and the
volume and linear expansion coefficients (αVo and
αlo). An increase in the hydrophilic properties of the
product structure was revealed to be reflected by a
systematic decrease in structural viscosity (η) and
expansion coefficients (αVo i αlo). Interestingly, the
estimated drop-point temperature for the homolo-
gous series of products ranged from 37.5 to 53.5OC.
These aforementioned properties enable the applica-
tion of the selected derivative as a solubilizer com-
patible with the composition of bile A. Such a solu-
bilizer can be used in the solid oral dosage form with
a lipophilic therapeutic agent.

As determined by means of 1H NMR, the con-
tent of oxyethylated segments in the cholic acid nTE

= 10 - 70 type product enabled the verification of the
weight-average molecular mass (Mw) and particular-
ly the estimation of the analytic level of hydrophilic-
lipophilic balance (HLB) in independent notations.
The values of HLB suggest that the application of
catalyst (NaOH) is reflected by satisfactory water
solubility and expected solubilizing properties of the
cholic acid nTE = 20 type products of oxyethylation.
Viscosity measurements enabled the calculation of
selected hydrodynamic parameters of the micelle
(Ro, Robs, Ω, and n/s/) and the adduct following the
process of equilibrium solubilization. The values
summarized in Tables 8-10 demonstrate that the
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process of the lipophilic therapeutic agent solubi-
lization does not disturb the hydration layer of the
micelle. This was reflected by the individual
increase in the hydrodynamic radius (Robs) and the
effective volume (Ω) of the adductís micelle.
Satisfactory solubilizing properties of selected prod-
ucts of the cholic acid oxyethylation in Tables 8-10
were also confirmed by the amounts of solubilized
in equilibrium lipophilic therapeutic agents (BCS
Class II and III) that were determined spectrometri-
cally.

The results of this preformulation research sug-
gest that the products of cholic acid oxyethylation
with symmetric addition of ethylene oxide to
hydroxyl groups are characterized by significant
quantitative solubilizing properties with respect to
selected lipophilic therapeutic agents.
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