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Electron paramagnetic resonance (EPR)
spectroscopy was used for examination of free
radicals in thermally treated vaselinum album
(VA). Thermal treatment in hot air as sterilization
process was tested. Sterilization is expected to
exterminate microorganisms in drugs (1), but
chemical structure and therapeutic interactions of
drugs with tissues should not be modified.
Conditions of thermal sterilization are described in
the pharmaceutical norms (2, 3). It is expected that
thermal sterilization breaks chemical bonds and
produce free radicals in drugs depending on tem-
peratures. A lot of our works deals with formation
of free radicals in organic pharmaceutical sub-
stances at high temperature (4-11). The aim of this
work was to determine concentration and free rad-
ical properties of thermally sterilized VA. In the
literature, information about free radicals in VA
was not found. The EPR measurements are pro-
posed to optimize sterilization process. The opti-
mal temperature and time of heating of the VA are
those that produce the lowest amount of free radi-
cals in the sample.

Free radicals should not exist in VA, because
they may cause a lot of toxic effects in tissues (12).

Free radicals may interact with dia- and paramag-
netic molecules in organism. These reactions may
cause large modifications of structures and destroy
living functions. 

EXPERIMENTAL

Samples

VA is a greasy, translucent, odorless, low melt-
ing, white color substance (13-15). It is obtained
from the distillation of crude oil (13-15). VA is a
mixture of paraffinic hydrocarbons (alkanes) from
the border of the solid and liquid state of matter at
room temperature, docosane and tricozane (13-15).
VA is used as a sterile base for prescribed antibiotics
ointment and other biologically active substances
and ophthalmic ointments (13-15).

VA was sterilized according to the Polish
Pharmacopoeia recommendationss (2) at the follow-
ing temperatures: 160OC (during 120 min), 170OC
(during 60 min), and 180OC (during 30 min), respec-
tively. Sterilization process was performed in a
dryer with hot air.

The samples of VA were measured in the thin-
wall glass tubes. EPR signals were not obtained for
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empty tubes, they do not contain paramagnetic
impurities. 

VA was obtained from Sigma-Aldrich. 

EPR measurements

The electron paramagnetic resonance (EPR)
measurements were performed 15 minutes, 2, 8, 10,
13, 16, 22, 32 and 40 days after sterilization. The
samples were examined at room temperature. The
first-derivative spectra were recorded by the use of
an X-band (9.3 GHz) EPR spectrometer of
Radiopan (PoznaÒ). Magnetic modulation was 100

kHz. Microwave frequency was directly measured
by MCM 101 recorder of Eprad (PoznaÒ). 

The first-derivative EPR spectra were meas-
ured with microwave power in the range 2.2-70
mW. g-Factor, amplitudes (A) and line width (∆Bpp)
of the EPR lines were analyzed (Fig. 1a). The
parameters A1/A2 , B1-B2, B1/B2, and B1-B2 of asym-
metry of line shape of EPR spectra were determined
(Fig. 1b).

g-Factor was calculated from the resonance
condition according to the formula (16):

g = hν/µBBr,

Figure 1. The analyzed parameters of the EPR spectra (a): amplitude (A), line width (∆Bpp), Br ñ resonance magnetic induction, and the
asymmetry of line shape parameters (b): A1, A2, B1, B2

Figure 2. EPR spectra of vaselinum album sterilized at 160OC (120 min) (a), 170OC (60 min) (b), and 180OC (30 min) (c). The measure-
ment was done 15 min after sterilization with microwave power of 2.2 mW. B - induction of magnetic field
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where: h ñ Planck constant, ν ñ microwave frequen-
cy, µB ñ Bohr magneton, Br ñ resonance magnetic
induction. 

Continuous microwave saturation of EPR lines
was applied to examination of spin-lattice relaxation
processes (16-18).

Free radical concentration (N) in the samples
was determined as follows: 

N = Nu[(WuAu)/Iu][I/(WAm)],
where: Nu - the number of paramagnetic centers in
ultramarine, W, Wu - the receiver gains for sample
and ultramarine, A, Au - the amplitudes of ruby sig-
nal for the sample and ultramarine, I, Iu - the integral
intensities for the sample and ultramarine, m - the
mass of the sample. 

Ultramarine with the strong stable EPR line was
the reference for free radicals concentration in the
samples. A ruby crystal was permanently placed in the
resonance cavity, and it was used as the secondary ref-
erence during measurements of the concentration.

RESULTS AND DISCUSSION

EPR spectra were not measured for the origi-
nal, non-heated samples and were obtained for all

the thermally sterilized VA. The original samples
are free of paramagnetic impurities. Free radicals
were found in VA sterilized at 160OC (120 min),
170OC (60 min) and 180OC (30 min). The EPR spec-
tra of the sterilized VA are presented in Figure 2a-c.
Free radicals are formed in VA as the result of ther-
molysis. Thermal energy breaks chemical bonds in
the tested VA. It is expected that thermal transfor-
mation changes the therapeutic interactions of VA.
The interactions of free radicals of VA and tissues
may be the source of toxic effects. The EPR spectra
changed with temperature of sterilization. The
parameters of the EPR spectra of the samples steril-
ized at different temperatures and times are shown
in Figure 2a-c.

Concentrations (N) of free radicals, g-factors,
and line widths (∆Bpp) of EPR spectra of VA steril-
ized at different conditions are presented in Table 1.
The tested EPR spectra were broad lines with line
widths in the range 1.69-2.64 mT. Dipolar interac-
tions are probably responsible for such line broad-
ening. The apparent g-factors 1.9948-1.9953 indi-
cate that unpaired electrons in the heated VA are
located on carbon atoms. The high free radical con-
centration (~1017 spin/g) characterized all the sam-

Figure 3. Change of free radical concentration (N) in the stored thermally sterilized vaselinum album

Table 1. Free radical concentration (N) in the sterilized vaselinum album, g factor and linewidth (∆Bpp) of its
EPR spectra. T ñ temperature of sterilization of vaselinum album, t ñ times of sterilization of vaselinum album.

Sterilization
Samples

T t 
N ◊ 1017 g ∆Bpp

[OC] [min]
[spin/g] [± 0.0002] [± 0.02 mT]

Vaselinum
160 120 19.2 1.9948 2.16

album 170 60 18.8 1.9953 1.69

180 30 15.6 1.9949 2.64
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Figure 4. Influence of microwave power (M) on the asymmetry parameter (A1-A2) of EPR spectra of vaselinum album sterilized at 160OC
(120 min) (a), 170OC (60 min) (b), and 180OC (30 min) (c). The measurement was done 15 min after sterilization. M is microwave power
used during the measure of the EPR spectrum. Mo is the total microwave power produced by klystron (70 mW)
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Figure 5. Influence of microwave power (M) on amplitude (A) of EPR spectra of vaselinum album sterilized at 160OC (120 min) (a), 170OC
(60 min) (b), and 180OC (30 min) (c). The measurement was done 15 min after sterilization. M is microwave power used during the meas-
ure of the EPR spectrum. Mo is the total microwave power produced by klystron (70 mW)
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Figure 6. Influence of microwave power (M) on line width (∆Bpp) of EPR spectra of vaselinum album sterilized at 160OC (120 min) (a),
170OC (60 min) (b), and 180OC (30 min) (c). The measurement was done 15 min after sterilization. M is microwave power used during the
measure of the EPR spectrum. Mo is the total microwave power produced by klystron (70 mW)
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ples. The lowest free radicals concentration was
obtained for VA sterilized at 180OC during 30 min.
Such conditions of sterilization are proposed as the
optimal for VA.

Free radicals concentrations change during
storage of the examined VA samples and probably
interactions with oxygen molecules may be respon-
sible for this effect (Fig. 3). 

Several types of free radicals are formed in VA
during sterilization. Free radicals system in thermal-
ly sterilized VA was complex. Line shape of EPR
spectra changed with the increasing of microwave
power. The changes of the asymmetry parameters
(A1-A2 of the EPR spectra of VA sterilized at 160OC
(120 min), 170OC (60 min) and 180OC (30 min) are
shown in Figures 4a-c, respectively. The correla-
tions presented in Figure 4 resulted from the differ-
ent changes of the individual EPR component lines
with increasing of microwave power. 

The changes of amplitudes and line widths of
the EPR spectra of VA with an increase of
microwave power are shown in Figures 5a-c and 6a-
c, respectively. The amplitudes reached the maxi-
mum at low microwave powers, so it can be con-
cluded that slow spin lattice relaxation processes
exist in the analyzed samples. EPR lines of all the
sterilized VA samples increase with increasing of
microwave power and they reach the maximal val-
ues (Fig. 5). For VA sterilized at 170 and 180OC at
the higher microwave powers amplitudes started to
decrease (Fig. 5b, c). The slowest spin-lattice relax-
ation processes exist in VA sterilized at the highest
temperature 170OC and 180OC. The slow spin-lattice
relaxation processes were also found in thermally
sterilized betamethasone (4), crystal penicillin (5),
verapamil (6), famotidine (7), cefaclor (8), drotaver-
ine (9) and streptomycin (10). The EPR spectra of
VA are homogeneously broadened. The increase of
line widths (Fig. 6) with the increasing microwave
power was observed. 

The obtained results indicate usefulness of
electron paramagnetic resonance (EPR) studies to
optimization of sterilization process. The EPR
analysis of drugs should be done during the produc-
tion of drugs. The Polish Pharmacopoeia recom-
mendations (2) should be respected and the lowest
amount of free radicals should be formed in VA. 

CONCLUSIONS

EPR studies of thermally sterilized VA pointed
out that:
1. Free radicals (1017 spin/g) are formed during ther-

mal sterilization of VA at 160, 170 and 180OC.

2. The best thermal sterilization conditions of VA
with the lowest concentration of free radicals are
temperature 180OC and time of heating 30 min. 

3. Complex system of free radicals exists in ther-
mally sterilized VA.

4. Slow spin-lattice relaxation processes and strong
dipolar interactions exist in thermally sterilized
VA.

5. Continuous microwave saturation of EPR lines
of VA indicated that the spectra are homoge-
neously broadened.

Acknowledgment

This study was supported by Medical Univer-
sity of Silesia in Katowice (grant no. KNW-2-
002/N/4/N). 

REFERENCES

1. Barteczko I.: Applied pharmacy (Polish).
PZWL, Warszawa 2002.

2. Polish Pharmacopoeia, IX edn., Polish
Pharmaceutical Society, Warszawa 2011

3. PN-EN 556, 2005. Sterilization of medicinal
products. Part 1. Requirements for finally steril-
ized medicinal products. Part 2: Requirements
for medicinal products produced under aseptic
conditions (Polish). Polish Committee for
Standardization, Warszawa 2005.

4. Koúcielniak-Ziemniak M., Pilawa B.: Appl.
Magn. Reson. 42, 519 (2012).

5. Ramos P., Pilawa B.: Curr. Top. Biophys. 33,
183 (2010).

6. Ramos P., PepliÒski P., Pilawa B.: Eng.
Biomater. 12, 89 (2009).

7. Ramos P., Pilawa B., Stroka E.: Nukleonika 58,
413 (2013).

8. SkowroÒska A., Wojciechowski M., Ramos P.,
Pilawa B., Kruk D.: Acta. Phys. Pol. A. 121,
514 (2012).

9. Ramos P., Pilawa B., Adamski M.: Ann. Acad.
Med. Siles. 68, 28 (2014).

10. Ramos P., Pilawa B., KrztoÒ A., Liszka B.:
Pharmaceut. Anal. Acta 3(9), 193 (2012).

11. Ramos P., Pilawa B.: Farm. Przegl. Nauk. 2010
(5), 28 (2010).

12. Bartosz G.: The second face of oxygen (Polish).
PWN, Warszawa 2004.

13. Janicki S., Fiebig A.: Applied pharmacy
(Polish), PZWL, Warszawa 2008.

14. KrÛwczyÒski L., Jachowicz R.: Exercises in
pharmaceutical compounding (Polish).
Jagiellonian University Press, KrakÛw 2000.



698 PAWE£ RAMOS and BARBARA PILAWA

15. Jachowicz R.: Good compunding practices
(Polish). PZWL, Warszawa 2008.

16. Wertz J.E., Bolton J.R.: Electron Spin
Resonance Theory and Practical Applications.
Chapman and Hall, London 1986.

17. Stankowski J., Hilczer W.: Introduction to mag-
netic resonances spectroscopy (Polish). PWN,
Warszawa 2005.

18. Eaton G.R., Eaton S.S., Salikhov K.M.:
Foundations of modern EPR. World Scientific,
Singapore, New Jersey, London, Hong Kong
1998.

Received: 2. 02. 2015


