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The effect of UV irradiation and temperature on the formation and properties of free radicals in two pharmaceutical important
bile acids, such as dehydrocholic (DH) and ursodeoxycholic acids (UDC), was examined. Electron paramagnetic resonance (EPR)
spectroscopy was applied to determine the paramagnetic character of UV irradiated and thermally sterilized drugs. Thermal and
UV irradiation sterilizations of both compounds were carried out at different conditions according to pharmaceutical norms. The
performed EPRmeasurements of UV irradiated and thermally sterilizedDH andUDC samples proved the existence of the complex
free radical systems in examined bile acids. Significant influence of UV irradiation in comparison with applied thermal sterilization
on free radical concentrations in DH and UDC samples was observed.The results pointed out that thermal method is most suitable
for bile acid sterilization. Therefore, this kind of sterilization should be applied in practice.

1. Introduction

Electron paramagnetic resonance (EPR) spectroscopy is a
known electromagnetic technique used for recording param-
agnetic centers, such as free radicals [1–5]. Thus, it has appli-
cation in different research fields like medicine and phar-
macy, for example, to characterize themechanismof pharma-
cological action of drugs or to estimate the effect of radiation
on drug delivery system and also on its stability in solid
state and in aqueous solutions, respectively [1, 6–13]. Recently,
the current literature review proves various applications of
EPR spectroscopy in pharmacy, for example, to examine the
stability of UV irradiated and thermally sterilized drugs,
especially antibiotics [6, 13] and glucocorticosteroids [7].
Because the sterilized antibiotics, especially coming from
anthracycline family, such as doxorubicin, daunorubicin,
epidoxorubicin, arewidely applied in anticancer therapy (e.g.,
in leukemia and breast cancer) [13], there is a need to examine

their vulnerability to thermal and UV irradiation prior use.
Similar requirements should be fulfilled in the case of steroid
drugs which belong to the most important anti-inflam-
matory, antiallergic, and immunosuppressive agents, used in
dermatology and ophthalmology in form of sterile pharma-
ceutical formulations, like, for example, prednisolone [7, 14].

The aim of this work was to examine the impact of tem-
perature and UV irradiation on the formation and also prop-
erties of free radicals in two pharmaceutical important bile
acids, such as dehydrocholic acid (DH) and ursodeoxycholic
acid (UDC). Both compounds are members of a group of
biologically active steroids as can be seen from Figures 1 and
2. They are widely used as a cholagogue and hydrocholeretic
agents in pharmacotherapy of different liver and gallstone
diseases. The literature on EPR spectroscopic study of
ursodeoxycholic and dehydrocholic acids related to their
paramagnetic properties and also estimation the stability of
both compounds after exposition to UV irradiation or high
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Figure 1: Chemical structure of dehydrocholic acid DH (a) and ursodeoxycholic acid UDC (b).
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Figure 2: Example of EPR spectrum.

temperature is relatively sparse [15–17]. To our knowledge,
until today none of the papers describing the effect of UV
irradiation and also thermal sterilization on paramagnetic
properties of DH and UDC in solid state has been reported.
Therefore, the main purpose of this study was to assess
the possibility of applying EPR spectroscopic method to
describe the influence ofUV irradiation and also temperature
on the generation and also properties of free radicals in
two pharmaceutical important bile acids: dehydrocholic and
ursodeoxycholic, when they are exposed to UV light as well
as to high temperature in the solid state.

The thermal and UV irradiation sterilizations were fully
evaluated with regard to obligatory procedures designed for
sterility assurance required in quality and quantity control of
pharmaceutical preparations (according to Pharmacopoeia)
[14]. The kind and also the concentration of free radicals
formed in DH and UDC samples as a result of their
exposure to UV irradiation and to higher temperature were
determined. In order to assess the applicability of EPR
spectroscopic method to determine the effect of UV irradi-
ation as well as thermal sterilization on the generation and
also the properties of free radicals in pharmaceutical prepa-
rations of tested bile acids, the results obtained for examined
compounds in substantia were compared with that deter-
mined for commercial products of DH and UDC.

2. Experimental

2.1. Samples. DH (dehydrocholic acid, Cat. number 30830)
and UDC (ursodeoxycholic acid, Cat. number. U5127) in
substantiawere obtained from Sigma-Aldrich (St. Louis, MO,
USA). The following commercial preparations containing
DH in form of tablets (250mg of DH per tablet) and also
UDC capsules (150mg of UDC per capsule) were from Polish
pharmaceutical market.

2.2. Sample Preparation. UV irradiated and thermally sub-
jected samples of dehydrocholic and ursodeoxycholic acids
were tested. The following times of UV irradiation process
30 minutes and 60 minutes were used, respectively. The UV
irradiation was done by Medison 250 lamp with 4 radiators
and with power of 20W. The UV irradiation with waves of
𝜆: 315–400 nm was performed from the distance of lamp
to the sample of 30 cm. Thermal sterilization of DH and
UDCwas carried out according to the Polish Pharmacopoeia
Norms [14] required for drug sterilization at the following
conditions: 𝑇 = 160∘C and 𝑡 = 120 minutes, 𝑇 = 170∘C and
𝑡 = 60 minutes, 𝑇 = 180∘C and 𝑡 = 30 minutes, where 𝑇 is
temperature of this experiment and 𝑡 is time of heating.
Heating process of powdered sampleswas performed in dryer
supplied by Memmert firm (Schwabach, Germany) in hot air
with air circulation.

2.3. EPR Measurements. EPR spectra of tested compounds
were recorded for the samples placed in the thin walled glass
tubes with the external diameter of 1mm.The EPR measure-
ments were done for UV irradiated (during 30 minutes and
60 minutes) dehydrocholic and ursodeoxycholic acids and
also for their samples which were thermally sterilized at the
following temperatures and times: at 160∘C during 120 min-
utes, at 170∘C during 60 minutes, and at 180∘C during 30
minutes.

EPR spectroscopic analysis of examined compounds was
carried out at X band (9.3GHz) using EPR spectrometer
produced by Radiopan Firm (Poznań, Poland).Themagnetic
modulation of 100 kHz was used. Microwave frequency was
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Table 1: Parameters of the EPR spectra of UV irradiated dehydrocholic acid (DH) and also ursodeoxycholic acid (UDC).

Compound Time of
sterilization

𝐴 (a. u.)
[±0.02]

𝐼 [a. u.]
[±0.02]

Δ𝐵pp
(mT)
[±0.02]

𝑁 × 10
17

[spin/g]
[±0.02]

𝐴
1

/𝐴
2

[±0.02]
𝐵
1

/𝐵
2

[±0.02]
𝑔

[±0.0002]

DH 30 minutes 0.34 60.60 1.54 169.10 1.04 0.99 1.9981
60 minutes 0.43 63.80 1.46 178.10 1.10 1.52 1.9982

UDC 30 minutes 0.32 87.30 2.08 243.80 0.75 0.67 1.9985
60 minutes 0.38 114.50 2.08 319.70 0.56 1.31 1.9987

Notes. 𝐴—amplitude of signal; 𝐼—integral intensity; 𝐴
1
/𝐴
2
and 𝐵

1
/𝐵
2
—the asymmetry parameters; Δ𝐵pp—line-width of EPR signal; 𝑁—free radical

concentrations; 𝑔—factor.

measured by MCM101 recorder of Eprad Firm (Poznań,
Poland). The first-derivative EPR spectra were measured by
means of the Rapid Scan Unit of Jagmar Firm (Kraków,
Poland) which was connected with the EPR spectrometer.
The numerical acquisition of the individual EPR spectra
was done during the time of 1 second. The EPR spectra
were recorded with microwave power of 2.2mW. This low
microwave power was used to avoid microwave saturation
effect of EPR lines. The total microwave power produced by
klystron was 70mW, and the application of 15 dB attenuation
makes it possible to decrease themicrowave power to 2.2mW.

The analyses of EPR spectra were performed by use of
spectroscopic program of Jagmar Firm (Kraków, Poland) and
also LabVIEW 8.5 program of National Instruments Firm.

The following parameters of EPR spectra: 𝑔—factor, 𝐴—
amplitude, 𝐼—integral intensity, and linewidth (Δ𝐵pp), were
determined as was described elsewhere [6–8, 10–12].
𝑔—factor, was calculated from the paramagnetic reso-

nance conditions according to the formula:

𝑔 =
ℎ]
𝜇
𝐵
𝐵
𝑟

, (1)

where ℎ—Planck constant, ]—microwave frequency, 𝜇
𝐵
—

Bohr magneton, and 𝐵
𝑟
—induction of resonance magnetic

field.
The integral intensities of the EPR lines of examined

steroids (𝐼) and ultramarine (𝐼
𝑢
) were calculated by double

integration of the first-derivative EPR spectra. Free radical
concentrations (𝑁) in the studied samples were determined
based on the proportional relationship with integral intensity
of the EPR lines [6–8, 10–12]. Sample integral intensities in
EPR spectra were examined and compared with an ultra-
marine reference. A ruby crystal (Al

2
O
3
:Cr3+) permanently

placed in the resonance cavity was used as the second
reference. Amplitudes of EPR lines of the ruby crystal were
detected and compared with the samples and the ultramarine
control. The concentration of free radicals (𝑁) in UV irradi-
ated and thermally subjected samples of dehydrocholic and
ursodeoxycholic acids was calculated as follows:

𝑁 =
𝑁
𝑢
[(𝑊
𝑢
𝐴
𝑢
) /𝐼
𝑢
]

[𝐼/ (𝑊𝐴𝑚)]
, (2)

where 𝑁
𝑢
—the number of the paramagnetic center in the

ultramarine reference (1.9×1019);𝑊,𝑊
𝑢
—the receiver gains

for the sample and the ultramarine; 𝐴, 𝐴
𝑢
—the amplitudes

of ruby signal for the sample and the ultramarine; 𝐼, 𝐼
𝑢
—the

integral intensities for the sample and ultramarine; 𝑚—the
mass of the sample.

In order to determine the effect of microwave power on
EPR spectra, the attenuation of microwaves was increased
from 0 to 15 dB. EPR spectra were measured with microwave
power (𝑀) in the range of 2.2–70mW. Additionally, the
amplitudes (𝐴) and linewidth (Δ𝐵pp)of obtained spectrawere
determined as is shown in Figure 2.

3. Results and Discussion

The EPR measurements were done at room temperature
for nonirradiated and irradiated samples of dehydrocholic
and also ursodeoxycholic acids in solid state. Analysis of
EPR spectra obtained after UV irradiation sterilization was
performed by the means of spectroscopic program of Jagmar
Firm (Kraków, Poland) and LabView 8.5 program ofNational
Instruments Firm.The following parameters of these spectra:
𝐴—amplitude of signal, 𝐼—integral intensity, 𝐴

1
/𝐴
2
and

𝐵
1
/𝐵
2
—the asymmetry parameters, 𝑔—factor, Δ𝐵pp—

linewidth of EPR signal, and also 𝑁—free radical
concentrations determined in the UV irradiated samples of
DH andUDC, were summarized in Table 1. EPR spectra were
not detected in the original samples of studied compounds.
Thus, it could be concluded that the paramagnetic effect
does not exist in the nonirradiated bile acid samples. The
EPR spectra were recorded in the examined samples after
UV irradiation treatment. The exemplary EPR spectra for
UV irradiated DH and UDC during the respective times:
30 and 60 minutes, are performed in Figure 3. As it results
from Figure 3, these spectra are lightly asymmetric. Their
multicomponent character and nonhomogenous properties
can cause this asymmetry. The linewidth (Δ𝐵pp) of EPR
spectra of UV irradiated dehydrocholic and ursodeoxycholic
acids are in the range of 1.46–1.54 for DH and 2.08 for UDC
(Table 1). The wide EPR signals (above 1mT) confirm a
small distance between the formed free radicals and indicate
strong dipole-dipole interactions in the studied compounds.
Prolongation of the time of UV irradiation sterilization did
not change the value of Δ𝐵pp for UDC. In the case of DH, the
time of UV irradiation slightly affects the linewidths of EPR
spectra. This fact shows that free radicals present in both
samples are rather stable. Amplitudes (𝐴) of EPR lines which
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Figure 3: EPR spectra of DH and UDC (UV irradiated) during 30 minutes (a), (c) and also during 60 minutes (b) and (d).

are listed in Table 1 increase slowly with the increase of the
time of sterilization of investigated compounds. The concen-
tration of free radicals (𝑁) in the UV irradiated dehydro-
cholic acid (during 30 and 60 minutes) were about 169.10 ×
10
17 spin/g and 178.10 × 1017 spin/g, respectively (Table 1).

The free radical concentrations in the UV irradiated urso-
deoxycholic acid changed from 243.80 × 1017 to 319.70 ×
10
17 spin/g. It points that UDC is more sensitive on expos-

ition to UV irradiation in relation to DH.We can suggest that
existence of free radicals in UV irradiated drugs and bulk
substances, such as bile acids will be one of the main problem
which should be resolved. Our investigations indicate that
optimization of UV sterilization conditions including the
time of sterilization allows reducing the amount of generated
free radicals in examined compounds. The data presented in
Table 1 demonstrate that the optimal time for the exposition
of investigated DH and also UDC to UV irradiation
should be 30 minutes. In order to prove the impact of UV
irradiation on free radical concentrations in bile acids, the
results obtained for UV irradiated reference standards of
DH and UDC were compared with those determined for
commercially available pharmaceutical formulations con-
taining individually DH andUDC (Figures 4 and 5).The data
performed in these Figures confirm our previous suggestions
that UV irradiation may produce free radicals in bulk
samples and also in pharmaceutical formulations of studied
bile acids (DH andUDC, resp.). Prolonged time of exposition
of DH and alsoUDC toUV irradiation can cause the increase
of free radical concentrations in pharmaceutical formulations
of both substances. Small difference between the free radical
concentrations obtained for bulk samples of DH and UDC
and their commercial products could be explained by
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Figure 4: Comparison of free radical concentrations (𝑁) in the
UV irradiated dehydrocholic acid (reference standard and tablets
containing DH) during 30 and 60 minutes.

influence of other ingredients coming fromboth preparations
on EPR measurements of investigated bile acids as active
substances in analyzed drugs (tablets and capsules).

Besides described UV irradiation, the most commonly
applied factor in the process of sterilization of various
pharmaceutical products and bulk substances is the increased
temperature. This parameter is recommended similarly like
UV irradiation by Pharmacopeia (in chapter Sterility Tests)
for the process of drug sterilization [14]. An achievement of
thermal sterilization is relatively low cost of this method in
comparison with UV irradiation. Lack of the accurate data
regarding the effect of thermal sterilization on the properties
and concentration of free radicals in examined dehydrocholic
and ursodeoxycholic acids caused that the aim of our further
studies was to determine the influence of increased tem-
perature and also the time of thermal sterilization on DH
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Table 2: Parameters of the EPR spectra of thermally sterilized dehydrocholic acid (DH) and also ursodeoxycholic acid (UDC).

Compound Conditions 𝐴 [a. u.]
[±0.02]

𝐼 [a. u.]
[±0.02]

Δ𝐵pp
[mT]
[±0.02]

𝑁 × 10
16

[spin/g]
[±0.02]

𝐴
1

/𝐴
2

[±0.02]
𝐵
1

/𝐵
2

[±0.02]
𝑔

[±0.0002]

DH

160∘C
(120 minutes) 0.04 0.04 0.15 1.20 0.95 0.47 1.9983

170∘C
(60 minutes) 0.02 0.01 0.13 0.50 1.00 0.34 1.9979

180∘C
(30 minutes) 0.07 0.09 0.10 2.80 1.34 0.65 1.9954

UDC

160∘C
(120 minutes) 0.08 0.50 0.42 15.30 0.61 1.56 1.9985

170∘C
(60 minutes) 0.36 2.52 0.44 58.20 0.88 0.92 1.9982

180∘C
(30 minutes) 0.45 5.21 0.55 122.30 0.90 0.98 1.9961

Notes. 𝐴—amplitude of signal; 𝐼—integral intensity; 𝐴
1
/𝐴
2
and 𝐵

1
/𝐵
2
—the asymmetry parameters; Δ𝐵pp—line-width of EPR signal; 𝑁—free radical

concentrations; 𝑔—factor.
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Figure 5: Comparison of free radical concentrations (𝑁) in the
UV irradiated ursodeoxycholic acid (reference standard and tablets
containing UDC) during 30 and 60 minutes.

and UDC spectroscopic properties. Analogously like in the
case of the first stage of this experiment, the EPR measure-
ments were carried out at room temperature for thermally
sterilized and nonthermally sterilized samples of dehydro-
cholic and also ursodeoxycholic acids in solid state. Steriliza-
tion was done in accordance with Sterility Test (taken from
Pharmacopoeia) at the following temperatures: 160∘C, 170∘C,
and 180∘C during 120 minutes, 60 minutes, and 30 minutes,
respectively [14]. EPR lines were not observed for nonther-
mally sterilized DH and UDC. Stable free radicals did not
exist in both examined bile acids which were not operated at
high temperature. Therefore, EPR spectra were recorded
for thermally sterilized samples only. The exemplary EPR
spectra of thermally sterilizedDHandUDCare performed in
Figure 6. Amplitude, integral intensity, linewidth, asymmetry
parameters: 𝐴

1
/𝐴
2
, 𝐵
1
/𝐵
2
, and also the concentration of

free radicals obtained under different conditions (at various
temperature and during different time of sterilization) were
determined and summarized in Table 2. Analysis of EPR lines
indicates that the process of thermal sterilization has impact
on the generation of complex free radicals systems in tested
compounds. EPR spectra obtained in this experiment are

asymmetric.The width of EPR lines less than 1mT confirmed
weak dipole-dipole interactions in the studied bile acids in
relation to those which have been obtained during UV
irradiation sterilization. Amplitudes (𝐴) which are shown in
Table 2 increase significantly with the time of sterilization in
the case of ursodeoxycholic acid. Relatively less changes of
this parameter are observed for dehydrocholic acid. Depend-
ing on the applied temperature, the concentration of free
radicals in investigated dehydrocholic acid is placed in the
range of 0.50 × 1016 spin/g (at 170∘C) to 2.80 × 1016 spin/g (at
180∘C) (Table 2). The free radicals formed in sterilized
ursodeoxycholic acid at the same conditions like for DH,
ranges from 15.3×1016 spin/g (at 160∘C) to 122.3×1016 spin/g
(at 180∘C). It could be noted that the increased temperature
caused the observed growth of free radical concentrations in
the examined compounds. Significant increase of 𝑁 value is
observed for the samples which were sterilized at the highest
temperature of all applied in this study (e.g., at 180∘C). From
this fact arises the conclusion that the optimal temperature
for thermal sterilization of these steroids should be 170∘C (60
minutes) in the case of DH and also 160∘C (120 minutes) for
UDC. Under these conditions the formation of less amount
of free radicals in the sterilized bile acid samples is observed.

Summing up, it could be noted that the kinds of ster-
ilization (e.g., thermal or UV irradiation) which are widely
applied in pharmacy in order to achieve appropriate micro-
biological purity of pharmaceutical formulations containing
bile acids, such asDHandUDC,may influence the properties
and also concentration of free radicals generated in these
compounds during respective sterilization. As one can see on
the basis of𝑁 values (free radical concentration) obtained for
examined compounds by two applied sterilizations, thermal
sterilization is better because it allows generating less amount
of free radicals in both tested compounds. Thus, this method
should be applied in practice.Moreover, this technique is easy
to use and cheap in comparisonwithUV irradiation steriliza-
tion.Therefore, UV irradiation sterilization is proposed as the
second (alternative) method for bile acid samples.
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Figure 6: EPR spectra of DH and UDC thermally sterilized at 160∘C: (a) and (d); at 170∘C (b) and (e); at 180∘C (c) and (f).

Our researches confirmed that EPR spectroscopy is useful
to detect the formation of free radicals caused by exposure
of examined bile acids to UV irradiation and also to high
temperature during conducted sterilization of drug samples.
Additionally, the performed EPR study allowed finding the
optimal conditions of UV irradiation and thermal steriliza-
tion of tested DH and UDC which should be applied in
practice.

The chemical structures of examined bile acids (in
Figure 1) and also the differential EPR spectra presented in
Figures 3 and 6, respectively, prove that the used sterilization
conditions can change the chemical structure of tested
drug substances. As it is known various chemical bonds may
be ruptured in chemical structure of organic compounds
during heating or by UV irradiation. It resulted in formation
of different free radicals in molecule. We suppose that in the
case of thermally and UV irradiated bile acid samples (DH
and UDC), existence of carbon radicals could be observed,
but the way of their formation may be different in both cases.
For the first applied technique (UV irradiation sterilization)
we can suggest degradation of steroid nucleus (saturated
tetracyclic hydrocarbon perhydrocyclopentanophenanthr-
ene) which exists in chemical structure of tested compounds.

The main source of measured carbon radicals may be the
methyl groups presented in perhydrocyclopentanophenan-
threne. Similar mechanism for the formation of carbon radi-
cals in both bile acids (connected probably with the degrada-
tion of their perhydrocyclopentanophenanthrene ring) could
be expected in the case of thermal sterilization of examined
steroid compounds. These conclusions confirm the presence
of the characteristic stretching vibrations placed in the range
of 2948 ÷ 2875 cm−1 observed on IR spectra of sterilized bile
acids obtained in our preliminary IR study of nonsterilized
and sterilized samples [18]. The presented results will be
an inspiration for further spectroscopic study of sterilized
bile acids. They will be continued in terms of determining
the accurate mechanism of formation of the carbon radicals
produced during thermal and UV irradiation sterilization of
tested bile acids. In addition to described IR method, other
spectroscopic techniques including modern EIMS and
MS/MS will be applied.

4. Conclusions

The performed EPR spectroscopic studies of dehydrocholic
and ursodeoxycholic acids indicated the following.
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(i) UV irradiation and also increased temperature can
influence on the formation and also properties of free
radicals in sterilized drug samples.

(ii) The EPR measurements prove the existence of com-
plex free radicals systems in sterilized dehydrocholic
and ursodeoxycholic acids.

(iii) Free radical concentrations in examined bile acids
depend on sterilization conditions, such as the tem-
perature and the time of sterilization.

(iv) EPR spectra are useful to examine the optimal condi-
tions of thermal and UV irradiation sterilizations of
tested compounds.

(v) Taking into account the lowest free radical concentra-
tions (the optimal thermal sterilization) is the process
at temperature 160∘C (120 minutes) for UDC and
170∘C (60 minutes) for DH.

(vi) The optimal time of UV irradiation sterilization for
both bile acids should be 30 minutes.

(vii) EPR spectroscopic study demonstrates that, of two
applied methods, thermal sterilization of examined
bile acids produces less amount of free radicals
(probably carbon radicals) in comparison with UV
irradiation technique. Therefore, this method should
be used in practice.
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