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ABSTRACT
In this work, the researchers determined the chromatographic parameter of the lipophilicity (RMW) of ursodeoxycholic acid under
various chromatographic conditions, and using the RP-TLC and RP-HPTLC methods. This chromatographic analysis was performed on
different glass and aluminum plates (RP-18F254, RP-18WF254 and on RP-2F254), with the use of  a mixture of various organic modifiers
(methanol, acetone or dioxane) and water, in respective volume compositions. The results of these chromatographic investigations (RMW

values) were compared with the partition coefficient (logP) obtained by way of the use of several theoretical methods (expressed as:
AlogPs, logPKOWWIN, xlogP2, xlogP3, milogP, AlogP, and MlogP) and with the experimental logP (logPexp), respectively. The similarity
between the chromatographically determined and computational calculated parameters of lipophilicity shows the possibility of applying 
both the chromatographic and theoretical methods to predict the lipophilicity value of ursodeoxycholic acid. The further direction of
this study will be towards the application of the obtained lipophilicity parameters of  examined bile acid in SAR studies (structureactivity
relationships).
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INTRODUCTION
Ur sode oxy cholic acid (3,7- dihydroxycholan- 24- oic acid,

UDC) is a sec on dary bile acid formed in the in tes tines, and
phar ma ceu ti cal for mu la tions of ur sodoxy cholic acid are
used to treat cho les tatic liver dis eases by pre vent ing and
dissolv ing gall stones [12]. To un der stand the mecha nism of
the pharma cologi cal ac tion of ur sode oxy cholic acid in the
biologi cal system, knowl edge of its re spec tive phys ico chemi cal 
prop erties, e.g. its lipo philicity value, is nec es sary. This prop -
erty is es sen tial for the trans port pro cess of or ganic
com pounds in bio logi cal sys tems, and it cor re lates well with
the phar ma col ogi cal ac tion of bio ac tive com pounds.

Lipo philicity is ex pressed in many ways [5]. The most
popu lar of these is by way of its  “par ti tion co ef fi cient” (P) or its
loga rithm (logP). Par ti tion co ef fi cient and logP char ac ter ize
the ten dency of a re spec tive com pound to self- partition be -
tween two phases: po lar and non- polar. The par ti tion
co ef fi cient of any com pound is usu ally de ter mined by the
clas si cal “shake- flask” method, with the use of n- octanol and
wa ter. In prac tice, the tra di tional, but time con sum ing “shake-
 flask” method is sub sti tuted by chro ma tog ra phy, by way of
a re versed–phase sys tem such as thin- layer chro ma tog ra phy
(RP-TLC and RP-HPTLC), and also by high per form ance
liq uid chro ma tog ra phy (RP-HPLC).

Many pa pers de scribe the ap pli ca tion of chroma tographi -
cally ob tained lipo philicity pa rame ters: RMW (de ter mined by

RP-TLC and RP-HPTLC) or logk (de ter mined by RP-HPLC),
to pre dict the lipo philic char ac ter in a lot of or ganic com -
pounds with re spec tive bio logi cal ac tivi ties. Among these:
an ti con vul sant, anti can cer, an timy cotic, an ti bac te rial and
oth ers [1-2, 7-11]. 

The work de scribed in this pa per is a con tinua tion of pre -
vi ous stud ies of lipo philicity in ves ti ga tions in a group of bile 
ac ids. Our pre vi ously pre sented re sults in di cate the use ful -
ness of RP-TLC, RP-HPTLC, as well as the use ful ness of
se lected com pu ta tional pro grams to de ter mine the lipo -
philicity of par ticu lar bile ac ids (such as cholic, de oxy cholic, 
che node oxy cholic and litho cholic) and their con ju gates with 
glycine and taurine, re spec tively [3, 13-15]. Of all the bile
ac ids, only two free bile ac ids are phar ma ceu ti cally im por -
tant. These are de hy dro cholic acid and ur sode oxy cholic acid.
The lipo philicity study of de hy dro cholic acid was per formed 
in a pre vi ous work [4]. 

In this pa per, the lipo philicity of ur sode oxy cholic acid
(UDC) was de ter mined. To es ti mate the lipo philic char ac ter
of UDC, thin- layer chro ma tog ra phy in a re versed phase sys tem
(RP-TLC and RP-HPTLC) was applied. The chro mato-
graphic pa rame ter of lipo philicity (RMW) was de ter mined un -
der the fol low ing con di tions: on dif fer ent chro ma tographic
plates type: RP-18F254, RP-18WF254, RP-2F254,,  and with the 
use of a mix ture of or ganic modi fier (metha nol, ace tone,
di ox ane) and wa ter in vari ous vol ume com po si tions. To
visu al ize the spots of ur sode oxy cholic acid, a wa ter so lu tion
of sul fu ric acid was used. The chro ma tographi cally deter -
mined lipo philicity pa rame ter (RMW) was com pared with its
cor re spond ing ex peri men tal par ti tion co ef fi cient (logPexp).
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This was de ter mined us ing the clas si cal shake- flask method
and with par ti tion co ef fi cients cal cu lated by means of com -
pu ta tional meth ods such as AlogPs, AlogP, mi logP, MlogP,
logPKOWWIN, XlogP2 and XlogP3. 

MATERIALS AND REAGENTS

Chemicals: 
Com po nents of mo bile phase: metha nol,  ace tone and  di -

ox ane,  were from POCh (Gli wice, Po land). Dis tilled wa ter
was ac quired from the De part ment of Ana lyti cal Chem is try,
Fac ulty of Phar macy (Sos now iec, Po land). All chemi cals
were ana lyti cal grade. A com mer cial sam ple of ur sode oxy -
cholic acid min. 99% (Sigma – Ald rich, St. Louis, MO,
USA) was ap plied as test sol ute. Sul fu ric acid 95% (POCh,
Gli wice, Po land) was used to pre pare a visu al iz ing rea gent.

METHODS

RP-TLC and RP-HPTLC Analysis:
Chro ma tographic analy sis was per formed on RP-TLC

alu mi num plates 4cm×10cm: RP-18F254 (E. Merck, Ger -
many, Art. 1.05559) and also on RP-HPTLC glass plates
4cm×10cm: RP-18WF254 (E. Merck, Art. 1.13124) and
RP-2F254 (E. Merck, Ger many, Art. 1.13726). 3 μ L of so lu -
tion of ur sode oxy cholic acid in metha nol at con cen tra tion of
5 mg/ml was then spot ted on the chro ma tographic plates.
Next, the chro ma tograms were de vel oped us ing a mix ture of
or ganic modi fier and wa ter as a mo bile phase, mixed in vari -
ous vol ume com po si tions. 

The con tent of or ganic modi fier (metha nol, ace tone and
di ox ane) in mo bile phase was gradu ally var ied by 5% [v/v],
from 50–90% [v/v]. 50 mL of mo bile phase was used in all
cases. The chro ma tograms were de vel oped at a tem pera ture
of 18oC, in a chro ma tographic chamber (20cm×20cm, Ca mag,
Swit zer land), us ing the par ticu lar mo bile phase. The de vel -
op ment dis tance was 8 cm.

Af ter de vel op ing, the chro ma tographic  plates were dried
at room tem pera ture, us ing a fume cup board. Next, the spots
were visu al ized by spray ing them with 10% wa ter so lu tion
of  sul fu ric acid and then heat ing the plates for 15 min utes at
120 C. On the ba sis of the obtained chro ma tograms, the RF

value of ur sode oxy cholic acid for all ap plied chro ma tographic 
con di tions, was cal cu lated. The RF val ues were then av er -
aged from three sepa rate analy ses. 

Calculation of the chromatographic lipophilicity
parameter (RMW):

The RF val ues de ter mined un der ap plied chro mato-
graphic con di tions were con verted into the RM val ues ac cord -
ing to the equa tion  [5, 13]: 

R RM F= -log( / )1 1   (1)

Next, the re sults of RM val ues were ex trapo lated to the
zero con cen tra tion of or ganic modi fier (methanol, ace tone and

di ox ane) in mo bile phase, by use of Soc ze wi ński –
Wachtmeis ter equa tion [2, 9]:

RM = RMW – S ⋅ ϕ   (2)

where: S – is the slope of the regression plot, and  ϕ – is the volume
fraction of organic modifier in mobile phase used.

Fi nally, equa tion No. 2 en ables de ter mi na tion the nor mal -
ized chro ma tographic pa rame ter of lipo philicity (RMW).

Determination of the theoretical partition coefficient
(logP):

To de ter mine the theo reti cal val ues of the par ti tion co ef fi -
cient (logP) of the ex am ined bile acid (which are ex pressed
as: AlogPs, logPKOWWIN, xlogP2, xlogP3, mi logP, AlogP and 
MlogP), the se lected al go rithms for de ter min ing the par ti -
tion co ef fi cient, based on the struc ture of the in ves ti gated
com pound, were used. The on- line avail able da ta base: Vir -
tual Com pu ta tional Chem is try Labo ra tory, was help ful in
ob tain ing the above–men tioned theo reti cal par ti tion co ef fi -
cients and also the ex peri men tal value of logP (logPexp) for
ur sode oxy cholic acid (which was de ter mined us ing shake-
 flask method [6]). 

Linear regression  and cluster Analysis:
Lin ear re gres sion and clus ter analy sis of the ob tained re -

sults were done with the use of the com puter pro gram
Sta tis tica 8.0. 

RESULTS AND DISCUSSION
The RF val ues ob tained for ur sode oxy cholic acid by

means of the RP-TLC and RP-HPTLC meth ods, us ing
differ ent chro ma tographic plates (RP-18F254, RP-18WF254,
RP-2F254), and  evalu ated with methanol- water, ace tone- wa -
ter and dioxane- water, re spec tively, as the mo bile phases,
were con verted into the chro ma tographic lipo philicity pa -
rame ter RM. The lin ear re la tion ships be tween the RM val ues
and the vol ume com po si tion of the or ganic modi fier in the
mo bile phase (ϕ) (metha nol, acetone or di ox ane, re spec tively),
al lowed an ex trapo lation pro ce dure. The ex trapo lated value of RM

to the zero con tent of the or ganic modi fier in the mo bile phase
(RMW) is the meas ure of the lipo philicity of the ex am ined bile
acid. Fig. 1–3 re veals the lin ear de pend en cies type RM = f(ϕ) that
were ob tained on the chro ma tographic plates: RP-18F254,
RP-18WF254, RP-2F254 us ing the re spective mo bile phase:

The fig ures pre sented above in di cate that the RM val ues
de creased line arly with in creas ing   metha nol, ace tone and
di ox ane con tent in the mo bile phase, used in de pend ently of
the ap plied mo bile phase and the kind of chro ma tographic
plate used. 

The sta tis tic pa rame ters of lin ear equa tions type RM =
RMW – S · ϕ ob tained for all the ap plied chro matographic
con di tions such as cor re la tion co ef fi cient (r), stan dard er ror
of es ti ma tion (s) and value of Fisher test (F) are listed in
Ta ble 1.
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Be cause the p (sig nifi cance level) value is less than 0.01
for all the lin ear de pend en cies pre sented in Ta ble 1, there are 
a sta tis ti cally sig nifi cant re la tion ships be tween RM and ϕ.
These re la tion ships can be used to pre dict the chro ma -
tographic pa rame ter of lipo philicity (RMW) for the ex am ined
ur sode oxy cholic acid un der all ap plied chro ma tographic
con di tions. The val ues of the corre la tion co ef fi cient (r) of the
pre sented de pen dencies are high, and show strong re la tion ships
be tween vari ables. The stan dard er ror of es ti ma tion (s) is also
small (Ta ble 1). The RMW val ues pre sented in Ta ble 1 show
that the RMW val ues de ter mined us ing acetone- water ex ist in
the range: 2.489–2.882, and for dioxane- water: 2.924–3.375.
In re gard to the mix ture of methanol- water, a higher value of
RMW is ob served: 3.819–5.249.

Table 1. Results of  the linear correlations between RMW values and  type:
RM = RMW - S · ϕ obtained with the  use of various chromatographic
conditions
Chromatographic

plates
RMW S r s F n

methanol – water (v/v)
RP-18WF254 4.371 5.443 0.972 0.174 102.4 7
RP-18F254 5.249 6.331 0.981 0.164 157.2 7
RP-2F254 3.819 5.283 0.997 0.052 1075.0 7

acetone – water (v/v)
RP-18WF254 2.882 4.137 0.990 0.087 339.0 8
RP-18F254 2.668 3.687 0.995 0.054 705.5 8
RP-2F254 2.489 3.773 0.993 0.064 521.8 8

dioxane – water (v/v)
RP-18WF254 3.298 4.927 0.984 0.131 210.8 8
RP-18F254 3.375 4.870 0.990 0.099 364.7 8
RP-2F254 2.924 4.617 0.993 0.078 528.9 8

Notes: r – correlation coefficient,  s – standard error of estimation,   F – value
of Fisher test , n – number of points used to derive the particular  regressions

 To com pare the RMW val ues ob tained on all types of chro -
ma tographic plates (RP-18F254, RP-18WF254, RP-2F254), us ing
the var ied mo bile phases: methanol- water (m), ace tone–wa -
ter (a) and di ox ane–wa ter (d) (RMW(m), RMW(a) and RMW(d),
re spec tively), clus ter analy sis was used (Fig. 4):

A den dro gram of simi lar ity of RMW val ues, shows the
great est simi lar ity be tween RMW val ues ob tained on all ap -

Fig. 3. Dependence RM value of ursodeoxycholic acid on dioxane
content (ϕ) in mobile phase: dioxane-water obtained on chroma-
tographic plates: RP-18F254, RP-18WF254 and RP-2F254

Fig. 4. Dendrogram of similarity of chromatographically determined
lipophilicity parameters (RMW) of ursodeoxycholic acid
Notes: RMW(m) – RMW  value obtained with the use of methanol-water as
a mobile phase, RMW(a) – RMW  value obtained with the use of
acetone-water as a mobile phase, RMW(d) – RMW  value obtained with the
use of dioxane-water as a mobile phase

Fig. 2. Dependence RM value of ursodeoxycholic acid on acetone
content (ϕ) in mobile phase: acetone-water obtained on chroma-
tographic plates: RP-18F254, RP-18WF254 and RP-2F254

Fig. 1. Dependence RM value of ursodeoxycholic acid on methanol
content (ϕ) in mobile phase: methanol-water obtained on chroma-
tographic plates: RP-18F254, RP-18WF254 and RP-2F254
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plied chro ma tographic plates de vel oped with the use of
dioxane- water (RMW(d)) and  acetone- water (RMW(a)) as the
mo bile phases, re spec tively. A large simi lar ity in RMW val -
ues ob tained with the use of acetone- water and di ox ane-
wa ter as the mo bile phases, con firm the fact that the both sol -
vents have a simi lar elu tion force in the RP sys tem. This is
higher than for metha nol [10]. 

The lipo philicity ex cess of ur sode oxy cholic acid ob -
served in re gard to the methanol- water mix ture (RMW =
3.819–5.249), in com pari son to the RMW val ues ob tained us -
ing acetone- water and dioxane- water as the mo bile phases on
dif fer ent chro ma tographic plates (RP-18F254, RP-18WF254

and also on RP-2F254), show that the big in flu ence for ur -
sode oxy cholic acid re ten tion in the RP sys tem is en gen dered 
by a strong hy dro gen bond which is formed be tween the
mole cule of ursode oxy cholic acid and the metha nol used as a
mo bile phase in this part of the ex peri ment. 

Fur ther analy sis of RMW val ues ob tained on dif fer ent
types of chro ma tographic plates: RP-18F254, RP-18WF254,
RP-2F254, us ing acetone- water and dioxane- water as the mo bile 
phases, in di cate the mi nor in flu ence of the kind of sta tion ary
phase used in these con di tions, on RMW val ues of the in ves ti -
gated bile acid. As can be seen in Table 1, the RMW val ues
ob tained in these chro matographic con di tions are very simi lar.

In re gard to the methanol- water mix ture used as a mobile
phase and the above- mentioned chro ma tographic plates, a no -
tice able dif fer ence be tween all ob tained RMW val ues is
ob served. This situa tion con firms the ef fect of specific in ter -
ac tions be tween the sur face of the ad sor bent metha nol used as
a mo bile phase and the ana lyzed bile acid. 

Besides the chro ma tographic pa rame ters of lipo phili city
(RMW), the ex peri men tal and theo reti cal par ti tion co ef fi cient
(logP) for the in ves ti gated ur sode oxy cholic acid was de ter -
mined. In Ta ble 2, the value of logPexp and the  theo reti cal val ues
of par ti tion co ef fi cient ex pressed as AlogPs, logPKOWWIN,
xlogP2, xlogP3, mi logP, AlogP and MlogP, were per formed.

Table 2. Log P value of ursodeoxycholic acid obtained using
computational methods [6]

Partition coefficient The value of partition coefficient
  logPexp 3.00
  AlogPs 3.01 (+0.01)
  milogP 4.25 (+1.25)
  AlogP 3.99 (+0.99)
  MlogP 4.07 (+1.07)
  logPKOWWIN 5.06 (+2.06)
  XlogP2 4.91 (+1.91)
  XlogP3 4.92 (+1.92)

Among the above pre sented theo reti cal logP val ues, the
most simi lar are AlogP and MlogP and the pair of par ti tion
co ef fi cients xlogP2 and xlogP3. The high est value of all
theo reti cal  par ti tion co ef fi cients, 5.06, is shown by
logPKOWWIN. AlogPs is simi lar to the ex peri men tal par ti tion
co ef fi cient  (logPexp) which was de ter mined us ing the clas si -
cal shake- flask method. 

Finally, the re sults of the chro ma tographic lipo philicity pa -
rame ter (RMW) from RP-TLC and RP-HPTLC analy sis were

com pared with those de ter mined us ing the com pu ta tional
pro grams: AlogPs, logPKOWWIN, xlogP2, xlogP3, mi logP,
AlogP, MlogP, and with the ex peri men tal logP (logPexp).
This is shown in Fig. 5.

The data per formed in Fig. 5 in di cate, that of all the chro -
ma tographic lipo philicity pa rame ters, the great est simi lar ity
to the logPexp are the RMW val ues ob tained on RP-18WF254

plates us ing acetone- water (RP18W(a)) and the RMW ob tained 
on RP-2F254 plates de vel oped with mo bile phase dioxane-
 water (RP2(d)). How ever, a large simi lar ity be tween the RMW

val ues de ter mined on RP-18WF254 and RP-18F254 plates de -
vel oped us ing dioxane- water (RP18W(d) and RP18(d)), was
also found. A simi lar value was seen be tween mi logP and
RMW ob tained on RP-18WF254  us ing the methanol- water
mix ture (RP18W(m)). How ever, the high est chro ma tographi -
cally de ter mined value of RMW,  us ing methanol- water and
the plates RP-18F254 (RP18(m)), is simi lar to the theo reti cal
par ti tion co ef fi cient ex pressed as a logPKOWWIN. 

CONCLUSIONS
Results from both RP-TLC and RP-HPLC analy sis show

a lin ear de pend ence be tween the chro ma tographi cally ob -
tained RM of the ex am ined ur sode oxy cholic acid and the
con tent of the or ganic modi fier in the mo bile phase ϕ. The
equa tions of lin ear cor re la tions be tween RM and ϕ  type: RM

= RMW – S·ϕ οbtained for all chro ma tographic con di tions,
al lowed the re search ers to cal cu late the normal ized lipo -
philicity pa rame ter RMW of ur sode oxy cholic acid. 

A com pari son  of the chro ma tographic lipo philicity pa -
rame ters with the par ti tion co ef fi cient (log P) that was
de ter mined us ing dif fer ent com pu ta tional meth ods: AlogPs,
logPKOWWIN, xlogP2, xlogP3, mi logP, AlogP,  MlogP, and
also with the ex peri men tal value of logP (logPexp), shows
simi lar ity be tween the re spec tive RMW and se lected logP val -
ues. This fact in di cates the pos si bil ity of ap ply ing both

Fig. 5. Comparison of the chromatographic and theoretical values of
lipophilicity parameters of ursodeoxycholic acid
Notes: RP18, RP18W, RP2 – the RMW values obtained on the chroma-
tographic plates: RP-18F254, RP-18WF254 and RP-2F254 developed using
mobile phase: methanol-water (m), acetone-water (a) and dioxane-water (d)
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chro ma tographic (RP-TLC, RP-HPTLC) and theo reti cal
meth ods (com mer cial com puter pro grams) to pre dict the
lipo philicity of ur sode oxy cholic acid.

The fur ther di rec tion of this study will be to wards the ap -
pli ca tion of ob tained lipo philicity val ues of ex am ined bile
acid in SAR stud ies (structure- activity re la tion ships).
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