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Summary

A variety of supplement-drug interactions has been
identified, and therefore health scientists should beaware
of the proper usage of nutritional supplements. The main
aim of this study was to assess beliefs and knowledge
related to nutritional supplements among pharmacy
students. A cross-sectional study was conducted in order
to assess beliefs and knowledge related to nutritional
supplements among pharmacy students. A literature
review on nutritional supplements was conducted in
order to develop a 24-item questionnaire, and expert
indications established its face and content validity.
The sample was comprised of 142 pharmacy students
in Cyprus, whose results are presented. The majority of
the participants was receiving nutritional supplements
(66.9%) and believed that nutritional supplements
may interact and may have toxic effects. Those in the
higher years of study scored higher in knowledge than
those in the lower ones. The mean scores (mean + SD)
on the knowledge about nutritional supplements by
the years of study were 9.14 + 2.67, 8.71 £+ 2.92, 9.91
+2.08,11.16%3.00,and 15.76 + 2.67 and compared using
one-way ANOVA followed by Bonferroni correction. The
level of statistical significance was set at p < 0.05. The
study showed that pharmacy students are adequately
informed about nutritional supplements and that this
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subject is essential for the curriculum of pharmaceutical
studies.
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nutritional

Souhrn

Byla zjisténa celad fada interakci mezi doplniky stravy
a léky, a proto by si zdravotnici méli byt védomi sprav-
ného pouzivani doplikl stravy. Hlavnim cilem této
studie bylo posoudit nazory a znalosti tykajici se do-
plnkyd stravy mezi studenty farmacie. Byla provedena
prifezova studie s cilem posoudit ndzory a znalosti
tykajici se doplfikl stravy mezi studenty farmacie. Byl
zpracovan prehled literatury o doplncich stravy s cilem
vytvofrit 24polozkovy dotaznik a na zakladé expertnich
indicii byla stanovena jeho zjevna a obsahova validita.
Vzorek tvorilo 142 student( farmacie na Kypru, jejichz
vysledky jsou prezentovany. Vétsina ucastnikd uzivala
doplriky stravy (66,9 %) a domnivala se, ze doplnky
stravy se mohou vzdjemné ovliviiovat a mohou mit
toxické ucinky. Osoby ve vys3Sich rocnicich studia do-
sahly vyssiho skore ve znalostech nez osoby v nizsich
roc¢nicich. Primérné skore (prmér = SD) znalosti o do-
plfcich stravy bylo 9,14 £ 2,67,8,71 + 2,92, 9,91 £ 2,08,
11,16 £ 3,00 a 15,76 + 2,67 pro jednotlivé ro¢niky stu-
dia a bylo porovnano pomoci jednorozmérné ANOVA
s naslednou Bonferroniho korekci. Hladina statistické
vyznamnosti byla stanovena na p < 0,05. Studie uka-
zala, Ze studenti farmacie jsou dostate¢né informovani
o doplncich stravy a ze tento pfedmét je nezbytny pro
kurikulum farmaceutického studia.

Klicova slova: nazory - znalosti - dopliky stravy -
studenti farmacie

Introduction

Over the last few decades, the usage of nutritional
supplements (NS) has been increased. Among the US
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marketplaces, there were about 4,000 NS products in
1994, which increased to 29,000 by 2000, and more
than 85,000 in 2018". According to CRN'’s (Council for
Responsible Nutrition) 2019 consumer survey, it is es-
timated that about 7 out of 10 adults in the USA take
NS2. This growing demand for NS could be attributed
to the rapid increase of lifestyle-related diseases, such
as cardiovascular diseases, cancer, etc.3®. People of
every age and physical condition take NS in order to
maintain health or prevent a possible deficiency. NS
are formulations that contain in pure and concentrated
form nutrients such as vitamins (multivitamin or sin-
gle vitamins), minerals, amino acids, and herb supple-
ments. Common reasons for NS consumption are good
health maintenance, immune system boost, mental
peace, weight management, and chronic diseases’®.

Although these products intend to supplement
the diet, they are not always innocent, as a variety of
supplement-drug interactions have shown in clinical
trials. The NS could lead to serious interactions with
other drugs and implications in some diseases or in
special conditions, like pregnancy. Moreover, misled
beliefs about the safety, toxicity, or interactions and
inadequate knowledge about NS have been observed
among not only consumers but also health care pro-
fessionals®'". Thus, the understanding and application
of the correct use of NS is a basic learning outcome of
Pharmacy Schools®.

Pharmacists, as healthcare professionals, must be in-
formed and responsible for valid and safe consumer edu-
cation on NS regarding their use and interactions' ',
A recent study reported that inadequate pharmacists’
knowledge of NS was the main barrier to patients’ coun-
seling™. The assessment of beliefs and knowledge re-
lated to nutritional supplements among health care
professionals, and especially in pharmacy students, is es-
sential for pharmacists’acknowledgment of NS and safe-
ty improvement. A valid and reliable assessment tool
for the nutrition supplements, including multivitamins,
minerals, herbal medicines, and their interactions, would
be of critical importance for health care professional ed-
ucation and health care services development.

Up to the present, there is not enough literature for
a validated assessment tool about nutritional supple-
ments’beliefs and knowledge, reflecting safety acknowl-
edgment and interaction prevention issues among
health care scientists. Moreover, very little information is
available about the usage and knowledge of NS in the
Greek and Cypriot populations. The aim of this study was
to determine beliefs and knowledge among pharmacy
students regarding nutritional supplements.

Experimental part

Materials and Methods

Design

Literature on nutritional supplements was reviewed
in order to develop beliefs and knowledge question-
naire” & 1519, For the review were used the keywords

nutritional supplements, vitamins, herbal medicine,
interactions, and questionnaire on the electron-
ic database including Scopus, Google Scholar, and
PubMed. A 35 item pool was developed and reviewed
by two experts in the field, an experienced profession-
al pharmacist and a Pharmacy University Professor, in
order to clarify their ambiguity. This study was con-
ducted on pharmacy students in Nicosia after the ap-
proval of the Ethics Committee. Pilot interviews with
20 participants, who were not included in the present
study, were conducted to test the questionnaire for
its comprehensibility and the appropriateness of its
items. The results were used to determine the items
of the final instrument and the qualitative feedback
from the respondents.

The final questionnaire consisted of 24 items. Specif-
ically, the questionnaire was divided into 3 parts, the
demographic, the beliefs (4 items), and the knowledge
part (20 items). The demographic part included per-
sonal details such as place of origin/residence, sex, year
of study, and some attitudes towards the supplements,
like the frequency of NS usage, the category they con-
sume, and the source of advice on which they based
their decision. The beliefs part was related to their safe-
ty and included 4 items on the Likert scale. The knowl-
edge part included 20 multiple choice type items that
cover the proper way NS should be taken and some
of their common interactions. The total score of the
knowledge part was assessed by adding all responses
from 0 to 20; incorrect answers were given 1 point, and
incorrect answers 0 points.

For the sample size, it is generally accepted to enroll
5 subjects for each question, for a sample > 100, in
order to strengthen the instrument validity. There-
fore, the number of sample for the current study was
designed to be at least 120 subjects?®-?2. A sample of
142 pharmacy students was interviewed in order to
complete the questionnaire. Informed consent was ob-
tained for all individuals who agreed to participate in
the study. The participants had 15 min, sufficient time
for completion of the questionnaire.

Data analysis

Descriptive statistics were used to assess demographic
data. A two-sample t-test, as well as a non-parametric
t-test, was used to investigate differences between the
mean values of independent groups. Ordinal logistic
regression was performed in order to investigate the
association between ordinal and other explanatory
variables. Furthermore, One-Way ANOVA and Krus-
kal-Wallis test were evaluated to determine the exis-
tence of differences in the mean values of the different
levels of a categorical variable, while Tukey’s test was
used to check which groups actually differ. To adjust for
multiple comparisons, a Bonferroni correction was ap-
plied. The reliability of the questionnaire was assessed
separately in each category (beliefs and supplements)
through Cronbach’s alpha criterion. The level of statis-
tical significance on all tests was set at p < 0.05, and



Ces. slov. Farm. 2022; 71, 57-64

59

the analysis was applied using the statistical software R
(www.r-project.org, v3.6.2).

Results

The questionnaire includes three sections: i) Demo-
graphic details and attitudes toward NS; ii) Personal
beliefs about the efficacy and safety of NS (part A) and
iii) knowledge of the use and interactions of NS (Part B).
Part A consists of 4 questions, while part B consists of
20. In order to be established face and content validity,
an extensive bibliographic search took place, as well
as the items were reviewed by experts and checked
during pilot interviews. In the category of personal
beliefs (part A), Cronbach’s reliability index was 0.65,
while in the category of knowledge (part B), the value
was 0.67, both corresponding to acceptable question-
naire reliability levels based on the literature, indicating
a high level of internal consistency?* 4.

The participants were also divided into 2 groups,
group | for the three first years of study (15-3" year)
and group Il for the last two years of study (4t-5t
year). Construct validity was confirmed for each part by
t-test. The total score in beliefs about NS appeared to
be of borderline significance, whilst group Il had bet-
ter results than group | (t = -1.92; df = 139; p = 0.05).
On the other hand, the knowledge part gave a signifi-
cantly higher mean total score for group Il than group |
(t=-7.21;df =77, p < 0.001).

The sample consists of 142 respondents (66 men and
76 women), while the number of participating students
per academic year was about the same (29, 31, 32, 25,
25). 91.5% of the participants were from Greece, while
8.5% were from Cyprus. 43.7% of the participants lived
in “major urban areas’, 36.6% lived in “urban’, 9.2% in
“suburban”and 10.6% in“rural areas”. Regarding the fre-
quency of NS consumption, 33.1% of the participants
answered that they have “never” received any, 16.2%
“rarely,’ 27.5% “sometimes,” 16.2% “often,” while only 7%
answered “always.” Regarding the source of information
about NS, participants could choose up to 2 possible
answers. It came up that “health care professionals”
were selected by 51.4% of the participants, “person-
al search” by 42.3%, “advertisements - mass/social
media” by 25.4%, “University” by 19.7%, and “other” by
4.2%. Regarding the main reason for receiving NS, the
participants could also choose up to 2 possible op-
tions. The “wellness and health maintenance” category
was chosen by 69.7% of participants, “immune system
boost” by 35.2%, “mental peace” by 12.7%, “other” by
9.9%, “slimming products” by 4.2%, while “special con-
ditions” by 0.7% (Table 1).

Regarding the belief in NS safety, 4 items were an-
swered by using a 5-point Likert-type scale. Questions
1 and 4 range from strongly disagree (1) to strongly
agree (5), while questions 2 and 3 had the opposite
meaning conceptually, so they range in the reverse
order, from strongly agree (1) to strongly disagree (5).
Lower scores represent acceptance feelings towards NS

safety and lack of toxicity symptoms, whilst the higher
scores reflect concern and insecurity feelings about NS
safety, interactions, and possible toxicity.

In the statement that “The nutritional supplements
could cause serious interactions,” most participants
answered that they either agree (39%) or that they are
neutral (32.6%); as for if “Vitamin and mineral prod-
ucts are always safe,” participants mostly disagreed
(48.6%) or were neutral (30.3%). Similarly, the majority
of the participants (47.2%) disagreed with the belief
that “Herbal supplements are always safe since they
are derived from natural sources,” while 52.1% agreed
with the belief that “Nutritional supplements could be
toxic”

Table 1. Participants’ demographics and attitudes

Variable N (142) %
Sex

male 66 46.5
female 76 535
Year of study

1*tyear 29 20.4
2" year 31 21.8
34 year 32 225
4t year 25 17.6
Sthyear 25 17.6
Place of living

Major urban areas 62 43.7
Urban areas 52 36.6
Suburban areas 13 9.2
Rural areas 15 10.6
NS consumption

Always 10 7
Often 23 16.2
Sometimes 39 27.5
Rarely 23 16.2
Never 47 331
Source of information

gi\:jei;tisements - mass/social 36 254
Personal search 60 423
University 28 19.7
Health Care Professionals 73 514
Other 6 4.2
Reasons receiving NS

Wellness and health maintenance 99 69.7
Immune system boost 50 35.2
Mental peace 18 12.7
Slimming products 6 4.2
Special condition 1 0.7
Other 14 9.9
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The belief that “The nutritional supplements could
cause serious interactions” did not appear to be relat-
ed to the country of origin or place of stay. In addition,
this belief does not differ by the frequency of NS con-
sumption. Nevertheless, it does change significantly
with gender (p = 0.04) and year of study (p < 0.001).
More specifically, women had less chance to “Strong-
ly disagree” compared to men, and students closer to
graduation had fewer odds to “Strongly disagree” in
comparison with 1 year.

The belief that “Vitamin and mineral products are al-
ways safe” was not related to the country of origin, year,
gender, or frequency of NS consumption. However, the
place of residence (p =0.01) was statistically significant.
More specifically, participants who lived in “urban” and
“rural areas” in comparison with others who lived in
“Major urban areas” had fewer odds of strongly dis-
agreeing, while participants who lived in “Suburban ar-
eas"in comparison with others who live in“Major urban
areas,” had higher odds to “Strongly disagree”.

The belief that “Herbal supplements are always safe
since they are derived from natural sources”was not re-
lated to the country of origin, place of residence, sex, or
frequency of NS consumption. However, it was related
significantly (p = 0.01) to the year of study. All years of

Table 2. Participants’ beliefs about NS safety

study had higher odds of strongly disagreeing than the
1*tyear.

Finally, the belief that “The nutritional supplements
could be toxic” was not significantly associated with
any of the above variables.

The beliefs of study respondents about NS safety are
presented in detail in Table 2. The total score in beliefs
questions and mean scores per year of study is present-
ed in Table 3, whilst the score per group (I and Il) of stu-
dents is presented in Table 4.

In the last section (knowledge part), each subject’s score
was calculated as the total number of correct answers in
order to calculate the average percentage. Respondents
scored an average of 10.74 out of 20. The minimum score
was 3, while the maximum score was 19 (Table 5). The
country of origin (p = 0.05) and gender (p = 0.07) appeared
to be of borderline significance, whilst students from
Cyprus and women had better results. On the other hand,
place of residence and frequency of NS consumption were
not significant at all. Finally, the year of study was statisti-
cally significant (p < 0.001), with students closer to gradua-
tion performing better. Scores in knowledge questions per
group (I and Il) of students are presented in Table 6.

After Bonferroni correction for multiple testing, most
of the variables remain statistically significant.

Likert question N % Mean

The nutritional supplements could cause serious interactions 3.58

Strongly agree 23 16.3

Agree 55 39

Neither agree nor disagree 46 326

Disagree 16 1.3

Strongly disagree 1 0.7

Vitamin and mineral products are always safe 3.61

Strongly agree 0 0

Agree 14 9.9

Neither agree nor disagree 43 303

Disagree 69 48.6

Strongly disagree 16 1.3

Herbal supplements are always safe, since they are derived from natural sources 3.81
Table 3. Total score in beliefs and mean scores per year of study

Variable Min Max Median Mean 1t quantile | 3" quantile SD

Ece‘l’lreis'“ 2 5 3.75 3.74 3.25 4.25 0.60

Year N SD Mean

1t year 29 0.54 347

2 year 31 0.61 3.89

3dyear 32 0.6 3.65

4th year 25 0.67 338

5% year 25 0.63 3.95
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Discussion

The study showed that pharmacy students are ade-
quately informed about NS, and this subject is essential
for the curriculum of their studies. The majority of the
participants receives NS (66.9%) and believes that they
may interact and have toxic effects. Those in higher years
of study scored higher in knowledge than lower ones.

A limitation of this study was that the size of the
sample was relatively small (n = 142), due to the par-
ticipation of only students who were present in the
class, even if it fits the recommended instructions per
item?20-22,

There are some studies that examine attitudes, be-
liefs, and knowledge on NS, mainly focusing on nutri-
tion and food-drug interactions'-' 2%, Qur main aim
was to identify the awareness about NS among phar-
macy students by quantitative measurement of beliefs
about NS safety and knowledge related to drug inter-
actions from a pharmaceutical point of view. For this
reason, a new valid and reliable questionnaire, with
24 items, was constructed to assess beliefs and knowl-
edge among pharmacy students related to nutritional

Table 4. Scores in beliefs questions per group of students

supplements. The questionnaire was first tested for its
comprehensibility and appropriateness of its items in
order to establish reliability (internal consistency). Ac-
cording to the literature, each part of the questionnaire
was assessed separately and found acceptable accord-
ing to the literature? 24, Specifically, on Cronbach a re-
liability index for personal beliefs, the value was 0.65,
and for the knowledge part, the value was 0.67. Con-
struct validity was confirmed by a t-test comparing two
students groups, divided by year of study.

Regarding demographic characteristics and atti-
tudes of the study, some interesting findings were re-
vealed. Since it is known from the literature, growing
demand for NS consumption has been observed within
the last decades. This study indicates a high percentage
(66.9%) of participants who have received NS, which is
in accordance with the bibliography (70% of young
adults)> #-29, About the source of information, the re-
sults showed that pharmacy students trust health care
professionals?”, potentially related to their professional
orientation. When participants were asked where they
received information about NS from, over 50% chose
health care professionals.

Group | Group Il P value

N (%) 92 (64.8%) 50 (35.2%)
Mean 3.67 3.88 0.05582
Min 2 25
Max 5 5

Group I: 1%-3", Group II: 4*"-5t year

No data are missing in either group.

Table 5. Participants’ knowledge about NS and mean scores by year of study
Variable Min Max Median Mean 1* quantile 3" quantile SsD
fscc‘;rs:t';%‘)’w'edge 3 19 10 10.74 8 12.75 361
Year N SD Mean
1t year 29 2.67 9.14
2 year 31 2.92 8.71
3dyear 32 2.08 9.91
4t year 25 3 11.16
5% year 25 2.67 15.76

Table 6. Grades in knowledge questions per group of students

Group | Group Il P value

N (%) 92 (64.8%) 50 (35.2%)
Mean 9.26 13.46 < 0.001*
Min 3
Max 16 19

Group I: 15--39, Group Il: 4"-5%" year
*p-value < 0.001
No data are missing in either group.
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The more common reason for consuming NS was
wellness and health maintenance (69.7%), followed
by the immune system boost (35.2%). The most prev-
alent “other” option in males was protein supplements.
These results are in accordance with similar studies in
bibliography? 782829,

Regarding the beliefs of the participants about NS
safety, the majority of the respondents believe that
nutritional supplements, including vitamins, minerals,
and herbal products, are not always safe, as well as
may induce drug interactions, and could be toxic. The
question “The nutritional supplements could cause
serious interactions” (mean of 3.58) gathered 55.3% of
positive responses (agree and strongly agree), while
the question “The nutritional supplements could be
toxic” had a higher mean (3.95) and gathered totally
positive responses 78.2% while the negative responses
were less than 10%. On the contrary, the public tends
to believe that NS consumption is harmless; thus, al-
most 9 out of 10 did not consider it important to inform
their physician or pharmacist about their usage®. This
is accentuated by the fact that more than 20,000 citi-
zens in the USA visit the emergency department due
to consumption of NS annually®”. Many of these were
related to unsupervised consumption of NS, indicating
the necessity of counseling the pharmacist about sup-
plement usage. Therefore, NS can be safe and effective
only when they are taken correctly and when interac-
tions are accounted for. The mean level for beliefs of
students per year is presented in Figure 1.

The students in higher years of study, especially in
the 4 and 5% year (group II), had higher scores in the
beliefs part than the younger ones. It is known that
non-healthcare professionals, especially older patients,
perceive NS as safe, mainly due to their facile availabil-
ity (many different shops to buy these products even
without a prescription, etc.)*?. Many serious or less se-
rious adverse interactions have been reported in clin-
ical practice, including St. Johns wort, Ginkgo biloba,
Ginger, grapefruit, etc.3®. The knowledge of these NS
interactions is partially connected with beliefs about
safety and toxicity.

The patients’ adherence to the medical treatment3?
as well as the pharmacists’knowledge of serious inter-
actions are of high importance, especially due to poly-
pharmacy and NS overconsumption3?. The students
in higher years of their study also had higher scores in
the knowledge part than the younger ones. The one-
way ANOVA test showed statistical significance per
year of study (F (4,137) = 30.13, p-value < 0.001). There
was a significant difference between the scores of the
first three years and the last two (p < 0.001), while the
scoring of the three first years did not vary significant-
ly. 4™ and 5"-year students gave the highest scores
(11.16 and 15.76 respectively) in their knowledge of
NS compared to the younger ones (Table 5). The mean
level for knowledge of students per year is presented
in Figure 2. These findings may lead to the assump-
tion that the experience increases the rate of correct
answers'® ™,

plot of means by year

o™
o ¥ "I'
2 o
N ! |
£ A
< s 1 T L
S ©
@ o 7 T l l
o
= nJlgg =30 =32 =25 =25
1st year 2nd year 3rd year 4th year 5th year
year

Fig. 1. Plot of mean scores in beliefs by year of study

0] plot of means by year

3

8 o | x

oo

(8] o

o

-

5 o

C - = T

2

£ o | - e

m = s

5]

& ® n=29 n=31 n=32 n=25 n=25

= T T T T T

(v

g 1st year 2nd year 3rd year 4th year 5th year
year

Fig. 2. Plot of mean scores in knowledge about NS by year of study



Ces. slov. Farm. 2022; 71, 57-64

63

The belief and knowledge scores did not differ be-
tween participants who received supplements and
those who did not (p-values > 0.05). However, there has
been a difference between years of study, indicating
the role of University studies. The last two years of stud-
ies include most pharmaceutical courses such as phar-
macology, pharmacognosy, and toxicology. The mean
scores, both in beliefs and in knowledge, were higher in
the 5™ year of study, which could attribute to the clin-
ical education on public or private pharmacies that is
added to the last year of study. A correlation study took
place by using Pearson’s product-moment correlation.
For group |, the correlation coefficient between beliefs
and knowledge scores was 0.236, demonstrating no
correlation (< 0.3). On the other hand, the total sam-
ple and higher year of study (group Il) showed a low
correlation that the beliefs’ score is increased by the
improvement of knowledge, while the correlation co-
efficient was 0.337 and 0.399, respectively.

Conclusion

Over the last decades, the consumption of nutritional
supplements is increasingly expanded. It is crucial that
vitamins, mineral products, herbal supplements, etc,,
should be recognized as an essential part of the cur-
riculum of Pharmacy Schools. It is necessary to assess
the beliefs and level of knowledge of health care stu-
dents and professionals, providing advanced primary
health care services in the institutional and the com-
munity area, addressing the matter of non-prescription
supplementation intakes with a critical scope and up to
date knowledge. This study showed that pharmacy stu-
dents receive NS, having acknowledged their potential
toxicity and interactions. This is of importance since the
knowledge does not have only a sterile role, but is able
to transform the beliefs of health care advisors, with
potent linkage to an advance in the professional prac-
tice, intensifying their vocational role.
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Kapilarna zonova elektroforéza v spojeni s UV detekciou
pre simultanne stanovenie tramadolu a paracetamolu
vo vzorkach farmaceutického a biologického charakteru

Capillary zone electrophoresis in combination with UV

detection for simultaneous determination of tramadol

and paracetamol in pharmaceutical and biological samples

Andrea Horniakova - Ondrej Stefanik - lvana Cizmarova - Michaela Matuskova « Peter Mikus « Juraj Piestansky

Doslo 9. januara 2022 / Prijato 24. februara 2022

Suhrn

Prezentovana praca sa zameriava na vyvoj a validaciu
analytickej metddy na baze kapilarnej zénovej elektro-
forézy v spojeni s UV detekciou pre simultdnne stano-
venie tramadolu a paracetamolu vo farmaceutickych
a biologickych vzorkach. Zakladny elektrolyt bol tvo-
reny 50 mM uhli¢itanom aménnym, ktory predstavu-
je pomerne atypicky elektrolytovy systém. Vyvinutd
metdda disponuje vhodnymi validaénymi parametrami
ako linearita (koeficient determindcie r>> 0,995), selek-
tivita alebo medza dékazu na drovni 0,25 - 0,5 pg/ml.
Metdéda bola charakterizovana adekvatnymi hodno-
tami presnosti a spravnosti, ktoré boli v silade s krité-
riami valida¢nych smernic, ¢i uz pre matrice farmaceu-
tického alebo biologického charakteru. Detekcia bola
uskuto¢nend pri vinovej dizke 200 nm. Dana metéda
bola UspeSne pouzitd pre potreby stanovenia trama-
dolu a paracetamolu v rozli¢nych liekovych forméch
a v biologickej matrici mocu. Dosiahnuté vysledky indi-
kuju potencial za¢lenenia metddy do procesov kontro-
ly kvality lieCiv a/alebo bioanalyzy.

Klicové slova: kapilarna zénova elektroforéza « UV
detekcia « tramadol - paracetamol - kontrola kvality -
bioanalyza
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Summary

The aim of the present study is the development and
validation of a simple method based on capillary
zone electrophoresis coupled with UV detection
for simultaneous determination of tramadol and
paracetamol in pharmaceutical and biological
samples. The background electrolyte was composed
of 50 mM ammonium carbonate, which is a type of a
non-conventional electrolyte system. The developed
method was characterized by suitable validation
parameters, such as linearity (coefficient of
determination r? > 0,995), selectivity or the limit of
detection at the level of 0.25 — 0.5 pug/ml. Acceptable
values of accuracy and precision were obtained, which
were in good agreement with the recommended
validation guidelines for analysis of pharmaceutical
and biological samples. Detection was performed
at a wavelength of 200 nm. The developed method
was successfully applied to determine tramadol
and paracetamol in various dosage forms and in
urine biological samples. Achieved results indicate
a potential of the method to be integrated in the
common quality control processes of drugs and/or in
bioanalysis.

Key words: capillary zone electrophoresis « UV
detection - tramadol « paracetamol - quality control
+ bioanalysis

Uvod

Bolest predstavuje subjektivny neprijemny pocit
v dbsledku skutoc¢ného alebo mozného poskodenia
tkaniva a patri medzi najcastejsi sprievodny jav Si-
rokého spektra akutnych ¢i chronickych ochoreni.
Z tohto dévodu je timenie bolesti jednou z hlavnych
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terapeutickych priorit sucasnosti. Rozoznavame tri
zdkladné typy bolesti, a to bolest nociceptivnu (po-
Skodenie najma muskuloskeletdlne), neuropaticku
(poskodenie nervov) a psychickd?. Hlavnymi skupi-
nami lieciv uplatiovanymi v terapii bolesti su anal-
getikd, nesteroidné antiflogistikd, opioidy a v Spe-
cidlnych pripadoch, najma pri timeni neuropatickej
bolesti, sa mézu pouzit aj tricyklické antidepresiva
alebo antiepileptika®.

Tramadol, chemicky trans-(+)-2-(dimetylaminome-
tyl)-1-(metoxyfenyl)cyklohexanol, patri do skupiny
syntetickych opioidnych analgetik. Tieto zluceniny
posobia na centralny nervovy systém a spdsobuju
supresiu vnimania bolesti. Tramadol je indikovany na
liecbu akutnej a chronickej bolesti miernej az stredne
silnej intenzity. POsobi dvoma hlavnymi mechaniz-
mami Ucinku, a to plnou neselektivnou agonizaciou
opioidnych W, & a k receptorov (vykazuje vsak vyssiu
afinitu k y-opioidnym receptorom) a inhibiciou spat-
ného vychytavania noradrenalinu a sérotoninu?.

Zo stereochemického hladiska je tramadol chiral-
na molekula s dvoma chirdlnymi centrami. Stereo-
izoméry sa mierne liSia aj mechanizmom poésobenia,
avsak pritomnost oboch enantiomérov, Cize ich ra-
cemickej zmesi, je doélezZitd pre zachovanie synergie
terapeutického efektu. Aktivna zluc¢enina tramadolu
predstavuje zmes (+) (1R,2R)-tramadolu, ktory pred-
nostne inhibuje spatné vychytavanie sérotoninu a (-)
(1S,25)-tramadolu, ktory aktivuje a-2 adrenergné re-
ceptory a tym znizuje spatné vychytavanie adrenali-
nu zo synaptickej Strbiny.

Tramadol vykazuje desatnasobne nizsi analgeticky
ucinok oproti morfinu, ale ma bezpecnejsi terapeutic-
ky profil a niZsie riziko vzniku zavaznych neZiaducich
ucinkov. Je indikovany hlavne pri bolestiach svalov,
kibov, poopera¢nych ran, chronickej bolesti chrbta,
dentalnej alebo neuropatickej bolesti. Kontraindika-
ciou je vek pod 16 rokov, tehotenstvo, laktacia, ale-
bo deficiencia enzymu CYP2D6 - zodpovedného za
metabolizaciu tramadolu. Abuzus tramadolu vedie
k zdvaznym prejavom, ako su vyrazné znizenie srdco-
vej frekvencie alebo timenie centra dychania v predi-
Zzenej mieche. Pri dlhodobom uzivani, ktoré si casto
manazment terapie chronickej bolesti vyZzaduje, sa
mbze objavit fyzickd zavislost, tolerancia ¢i abstinenc-
ny syndrom po vynechani. V praxi sa ¢asto moézeme
stretnut s fixnou kombinaciou tramadolu s dal3im
analgetikom, a to paracetamolom. Vyhody danej fix-
nej kombindcie pramenia zo synergie Ucinku tychto
dvoch lieciv. Podanie dvoch analgeticky pésobiacich
lie¢iv s rozdielnym mechanizmom ucinku vyvola rych-
lejsi nastup ucinku a jeho dlhsie trvanie®.

Paracetamol (alebo acetaminofén), chemicky
N-(4-hydroxyfenyl)acetamid, je jednym z najpouziva-
nejsich volnopredajnych lieciv, ur¢enych na terapiu
bolesti a pyrexie. Mechanizmus u¢inku nie je uplne
objasneny ale predpokladd sa nekompetitivna re-
verzibilnd inhibicia enzymu cyklooxygenaza (COX)
s vysSou selektivitou v mozgu, taktiez dochadza

k znizovaniu tkanivovych koncentricii prostaglandi-
nov a inych prozapalovych mediatorov. Na rozdiel od
nesteroidnych antiflogistik (NSAID) sa ale nevyzna-
Cuje protizapalovym ucinkom a nema ani vplyv na
zrézanlivost krvi, lebo nepdsobi ako inhibitor syntézy
tromboxéanu. Vyhodou v3ak je, ze vykazuje vyrazne
mensie riziko vzniku zalido¢ného krvacania a vredov
v porovnani s NSAID™ . Jednym z metabolitov para-
cetamolu je N-arachidonylaminofenol (AM404), ktory
vykazuje analgeticky uc¢inok. Predpoklada sa viacero
mechanizmov analgetického pdsobenia tohto meta-
bolitu v organizme, ako napriklad blokdda neuronal-
neho vychytdvania anandamidu ¢i blokada neuronal-
nych sodikovych kanalov'®.

Paracetamol je urceny na terapiu miernej akutne;j aj
chronickej bolesti, v kombindcii s NSAID alebo opioid-
mi aj na lie¢bu stredne silnej bolesti. Standardna jed-
norazova davka u dospelych by mala byt od 500 mg
do 1000 mg, pricom denné dévka by nemala prekro-
¢it 3 — 4 g”. Pri dlhodobom uzivani vysokych davok
hrozi zvysené riziko kardiovaskularnych, gastrointes-
tindlnych a renalnych neziaducich ucinkov ¢&i akutne
zlyhanie pecene®.

Metabolizmus paracetamolu je spriahnuty s enzy-
mom CYP2D6, pricom na zaklade roznej expresie toh-
to enzymu v organizme je mozné jedincov rozdelit na
extenzivnych, ultrarychlych a pomalych metabolizé-
rov paracetamolu. Z toho vyplyva i variabilita toleran-
cie davky alebo rézna nachylnost na prejavenie ne-
Ziaducich ucinkov®. Paracetamol nie je odporucany
osobam s akutnou alebo chronickou hepatopatiou,
pri abuze alkoholu ¢i malnutricii®.

Medzi najnebezpecnejsie neZiaduce ucinky na
Urovni gastrointestinalneho traktu (GIT) patri jeho
hepatotoxicita, ktord je dosledkom nadmerného
hromadenia metabolitu N-acetyl-p-benzochinéni-
minu. Ten sa v pripade vyCerpania dostupného glu-
tationu nevyhnutného k jeho inaktivécii viaze na
mitochondridlne proteiny, kde dochadza k formo-
vaniu cytotoxickych aduktov, ¢o vedie k mitochon-
dridlnej dysfunkcii a zdvaznej hepatoceluldrnej
nekréze. Ako primarne antidotum sa vyuziva N-ace-
tylcystein®®),

Tramadol spolu s paracetamolom patria medzi
frekventovane predpisované lie¢iva a s tym sa spa-
ja aj potreba vyvoja efektivnych analytickych me-
tod pre ich kvalitativne aj kvantitativne hodnotenie
v biologickych matriciach, akymi su predovsetkym
krv a moc. Takéto metddy su schopné prispiet
k zefektivneniu samotnej liecby v dosledku moznosti
monitorovania compliance pacienta (zvysenie tera-
peutického ucinku) a eliminacie/minimalizacie ne-
Ziaducich uc¢inkov. Odhliadnuc od hodnotenia lieciv
v biologickych matriciach je nevyhnutné disponovat
vhodnymi analytickymi metédami aj v procese za-
bezpecovania ich kontroly kvality. Medzi $tandard-
né a rutinne aplikované analytické pristupy pre po-
treby identifikacie a kvantifikacie danych lie¢iv vo
vzorkach farmaceutického aj biologického charak-
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teru patria chromatografické techniky (kvapalinova
a plynova chromatografia) v spojeni s roznymi typ-
mi detekcie'®". Je tomu tak z dévodu ich kvéziuni-
verzality, vysokej presnosti, spradvnosti, robustnosti,
schopnosti analyzy Sirokého spektra zlucenin a rela-
tivnej jednoduchosti obsluhy??,

Avsak v sucasnosti sa zac¢inaju ¢oraz Castejsie v ob-
lasti analyzy farmaceutickych a klinickych vzoriek
presadzovat techniky kapildrnej elektroforézy (CE),
ktoré v porovnani so standardnymi chromatografic-
kymi pristupmi prinasajd zna¢né vyhody?'22, St nimi
napr. vysoka separacna ucinnost, relativne kratky cas
analyz, jednoduchost prevedenia, spotreba minimal-
neho mnozstva vzorky a organickych rozpustadiel
a minimalna az absentujlca potreba rozsiahlej exter-
nej preddpravy vzorky?* ),

Z hladiska CE moédov aplikovanych do prostre-
dia analyzy tramadolu a/alebo paracetamolu vo
vzorkach farmaceutického a/alebo biologického
charakteru v doteraz publikovanych vedeckych pra-
cach zaujima dominantné postavenie kapildrna z6-
nova elektroforéza (CZE). Tramadol bol vo vzorkach
liekovych foriem alebo modelovych vodnych vzor-
kach analyzovany CZE v spojeni s detekciou na baze
DAD* 2%, laserom indukovanej fluorescencie (LIF)?®,
vodivostnej — C*D?” alebo elektrochemiluminiscenc-
nej detekcie?®. Jedna z prac naviac popisuje vyuzitie
CE realizovanej v nevodnom prostredi®*. Zmieneny-
mi pristupmi bolo mozné dosiahnut hodnoty medze
dokazu (LOD) na drovni 0,008 - 2,05 ug/ml.

Rovnako v pripade analyzy paracetamolu vo vzor-
kach farmaceutického charakteru bola preferovanym
separacnym modom CZE?*-%9, pouzita vsak bola i mi-
celarna elektrokineticka chromatografia - MEKC?”., CE
v spojeni s UV#-32, DAD3¥, MS3*4, C*D? 3 alebo che-
miluminiscen¢nou®® detekciou poskytovala hodnoty
LOD na urovni 0,085 ng/ml az 5,0 pg/ml. Pri analyze
paracetamolu vo farmaceutickych vzorkach bola vy-
uzitd aj metdéda CZE s ampérometrickou detekciou
v prevedeni na mikrocipe®®. V pripade vzoriek farma-
ceutického charakteru je dolezité podotknut, Ze Ziad-
na z vyssie uvedenych metdd nevyzadovala extenziv-
nu predupravu vzorky.

Z doteraz publikovanych S$tudii zameranych na
bioanalyzu tramadolu a paracetamolu vyplyva, ze
preferovanymi matricami boli biologické vzorky mo-
CuB3436.39-4) plazmy3® a krvného séra3* 44, Testované
vsakboliivzorkyslin®”alebo pec¢enovéhoaobli¢kové-
ho tkaniva*). Popisané boli CZE metddy s UVy39-41.45-49),
MS8: 343950 - elektrochemiluminiscenénou** ** alebo
chemiluminiscen¢nou3® detekciou. Pre biologic-
ki matricu moc¢u sa hodnoty LOD pohybovali na
urovni 0,004 - 0,1 pug/ml pre tramadol a na urovni
0,085 ng/ml az 5,2 ug/ml pre paracetamol. Hodno-
ty LOD pre tramadol a paracetamol v krvnej plazme
a sére boli 0,1 pg/ml (tramadol) a 0,3 - 5,2 pug/ml
(paracetamol). Drviva vacsina vyvinutych metoéd vy-
Zzadovala pomerne rozsiahlejsiu a viackrokovu pre-
dupravu vzorky, ktora zahfnala napr. extrakciu na

tuhej faze - SPE*" 44, mikrodialyzu*?, elektromembra-
novu extrakciu — EME*?, mikroextrakciu na kvapalnej
faze - LPME*Y, extrakciu podporenud mikrovinnym
Ziarenim - MAE>?, precipitaciu proteinov a naslednu
centrifugaciu3® 447,

Z doteraz publikovanych prac vyplyva, Zze na se-
paraciu tramadolu a paracetamolu v CZE moéde
su zvycajne pouzivané konvencné zdakladné elek-
trolyty (BGE) reprezentované prevazne fosfatovy-
mi28, 30-33, 37, 40, 42, 43) alebo bora’tovy’mi24, 26, 29, 36, 39, 46, 48)
timivymi roztokmi. Vyber BGE je vsak vo velkej miere
determinovany pouzitou detekénou technikou. Elek-
trolytové systémy vhodné pre CZE-UV su castokrat
nevhodné pre CZE-MS. Cielom predkladanej pra-
ce bol preto vyvoj relativne rychlej a jednoduchej
CZE-UV metddy pre potreby simultdanneho hodnote-
nia tramadolu a paracetamolu vo vzorkach farmaceu-
tického a biologického charakteru, ktord by sucasne
poskytovala z hladiska zloZzenia BGE vysokd mieru
kompatibility s MS detekciou. Takéto pristupy k ana-
lyze lieciv v rozli¢nych typoch matric su zaujimavé
z hladiska kontroly kvality lieciv a liekov, a sucasne
i z hladiska bioanalytickych aplikacii.

Pokusna ¢ast

InStrumentdcia

Elektroforetické experimenty boli prevedené s pouzi-
tim systému Agilent 7100 CE vybaveného UV detek-
torom (Agilent Technologies, Santa Clara, California,
USA). Separacia bola realizovana v kremennej kapi-
lare s vnutornym priemerom 50 um, vonkajsim prie-
merom 300 um, celkovou dizkou 70 cm a efektivnou
dizkou kapilary 62,5 cm. Pred prvym pouzitim bola
kapildra premytd roztokom 1 M NaOH po dobu 30
minut, demineralizovanou vodou (10 minut) a nos-
nym elektrolytom - BGE (10 minut). Kazdy deri pred
zac¢iatkom merani bola kapildra preplachovand 0,1 M
NaOH 10 minut, demineralizovanou vodou 10 minut
a BGE 10 minut. Na konci kazdého dna sa kapilara pre-
plachla demineralizovanou vodou po dobu 10 minut.
Vzorky boli injektované do kapilary hydrodynamicky
tlakom 50 mbar pocas 10 sekund. Separacia bola pre-
vedena v méde pozitivnej polarity aplikdciou napatia
o hodnote +20 kV, ktoré sa zvySovalo na zaciatku se-
paracie z 0 kV na +20 kV po dobu 20 sekund. Pred ka-
Zzdym injektovanim vzorky bola kapilara prekondicio-
vana aplikaciou negativneho napatia -25 kV pocas 15
sekdnd s naslednym premytim nosnym elektrolytom
1 mindtu, aby sa predislo ,carry-over” efektu. Mera-
nia boli realizované pri teplote 20 °C a detekcia bola
uskuto¢nena pri vinovej dizke 200 nm.

Chemikadlie a vzorky

Standardy analytickej ¢istoty — hydrochlorid trama-
dolu a paracetamol - boli ziskané od spolo¢nosti
Zentiva (Praha, Ceska republika). Chemikélie pou-
Zité na pripravu elektrolytovych systémov uhlic¢itan
amonny ((NH,),CO,) a hydrogenuhli¢itan aménny



