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Quality by Design is the methodical method to development concept that starts with the predefined objects. The method put emphasis on 
the process of development of a product, the control process, which is built on risk management and comprehensive knowledge of science. 
The concept of QbD applied to analytical method development is known now as AQbD (Analytical Quality by Design). Comprehension of the 
Analytical Target Profile (ATP) and the risk assessment for the variables that can have an impact on the productivity of the developed analyti-
cal method can be the main principles of the AQbD. Inside the method operable design region (MODR), the AQbD permits the movements 
of the analytical methods. This paper has been produced to discuss various views of analytical scientists, the comparison with conventional 
methods, and the phases of the analytical techniques.
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Introduction
International Conference on Harmonization (ICH) Q8 
(R1) guideline defines Quality by Design (QbD) as “a sys-
tematic approach to development that begins with prede-
fined objectives and emphasizes product and process un-
derstanding and process control, based on sound science 
and quality risk management” [1]. The approach of QbD 
has been implemented in the manufacturing of pharma-
ceutical through numerous enterprises as Process Analyti-
cal Technology (PAT) and FDA guidelines. Recently FDA 
has approved new drug applications based on AQbD and 
termed it as benefits and importance of QbD in the ana-
lytical technique development cycle for accepting drug ex-
cipient interaction. Additionally, for the determination of 
critical quality attributes during the process, experiment, 
control, and continuous process verification to monitor 
the product quality trends; Hence this resonance attracting 
the pharmaceutical industry to evoke the AQbD [2]

The elementary notion of the QbD process of testing 
cannot put quality into an object but rather it must be con-
structed into the product. An essential aspect of QbD is 
that it understands how the choice of constraints can have 
an impact on the development process. The understanding 
attained during the process development can assist in the 
formulation of the products limits and the design space 
best suited for a particular drug. 

Similar ideologies of QbD are applied in the develop-
ment of analytical methods becoming Analytical Quality 

by Design (AQbD). In similarity to the concept of QbD, 
the results obtained from the AQbD process are assumed, 
suitable for the product and consistent in providing the en-
visioned performance during the lifecycle of the product. 
Despite a lot of discussion concerning AQbD the quality 
assurance personnel view AQbD as the better solution to 
avoid out of specifications (OOS) and out of trend (OOT) 
and minimize risk in method failure [3, 4].

The comprehensive knowledge that is gained while us-
ing this concept is beneficial in the establishment of the 
method operable design region, (MODR). This is a multi-
dimensional region that is centered on the process proper-
ties which influences the performance of the product [1].

Safety and efficiency should be considered paramount 
by ensuring that pharmaceutical products are required to 
be healthy and easily reproduced. The process of creating 
the pharmaceutical products entails the production of in-
formation on the materials such as an intentional addition 
of an ingredient to a drug component. With the advance-
ment in technology comes the change in both the quality 
and quantity of the material information that facilitates 
knowledge development [5].

The process of AQbD is a major stage of the control 
strategy in the quality system of the pharmaceutical indus-
try. This concept constitutes the constraints and features 
linked with the drugs and the operating environment and 
their related processes. Although current Good Manufac-
turing Process (cGMP) regulation has been in place for a 
long time, many of the pharmaceutical companies are still 
experiencing problems in relation to issues of quality con-
trol. Quality Control is emphasized in risk management 
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during the development of the product. Therefore, due to 
the dependency of these pharmaceutical companies for de-
velopment processes to be robust, there is a great need for 
the AQbD concept [6]. This is an indication of the quality 
of this concept, and the robustness of the product in its 
lifecycle. 

The lifecycle assessment (LCA) approach is a rooted me-
thodical method. The technique is used in the application 
of environmental effects, which has been practiced for the 
products. The purpose of using this approach in the ana-
lytical process is the elating the development process to the 
requirements of the products to develop the method reli-
ability (figure 1) [7].

Following the lack of explanatory reviews, this article 
aim focuses on different views of experts on the application 
of AQbD in the pharmaceutical quality system. Addition-
ally, the article links the views with the lifecycle method.

Conventional Approach versus Analytical Quality by 
Design
The traditional process in the pharmaceutical industry was 
Quality by Testing (QbT). However, this becoming outdat-
ed; in the QbD philosophy there is assurance of the quality 
of the product, and hence it is more favored [8]. Currently, 
the pharmaceutical industry is using the QbD method to 
reduce the cost and time and assurance of the quality of the 
products [9]. The impacts of this process in the pharmaceu-
tical industry have been expanded after the initialization of 
the FDA guidelines. The different methods in use include 
FDA cGMP, the process analytical technology. The target of 

the quality process is to ensure that the product is safe for 
use by the patients. The AQbD checks the Out-of-Trend 
(OOT), Out-of-Control (OOC) and Out-of-Specification 
(OOS) results [10]. This proves that the traditional process 
does not provide assurance of the product’s safety. Hence 
the pharmaceutical industry can make huge improvements 
in the components of the product [11].

Application of Analytical Quality by Design (AQbD) ad-
vantages, expectations, and obstacles
According to pharmaceutical quality systems, analytical 
techniques are the primary part of the control strategy. 
Therefore, the implementation of QbD in manufacturing 
as a control mechanism will ensure predetermined perfor-
mance and the quality of the product [3]. This comprises 
attributes and parameters related to drug product and drug 
substances components including instrument operating 
conditions, facility, finished product specification, and the 
related analytical methods [12].

The adoption of AQbD is expected to enhance the con-
cept of right analytics at the right time which has an essen-
tial role in drug product development cycle [13].  

The advantages of AQbD concept in product develop-
ment [14] can be pointed out: the advancement of a meth-
od that is robust; the concept is applicable in the lifespan 
of a product; the regulations are flexible; the movement of 
a product inside the design area is not seen as a variation 
in developments; the concept allows for constant progress 
during the development process; the concept evades revali-
dation of the product.

Alhakeem MA et al. / Acta Medica Marisiensis 2019;65(2):37-44

Fig. 1. The analytical procedure lifecycle [7].© copyright 2017 U.S. Pharmacopeial convention (USP).
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Obstacles that hinder the application of the analytical 
quality by design are mainly that there is no full compre-
hension of this concept in the pharmaceutical industry and 
the absence of a clear description of the AQbD elements. 

The USP Stimuli articles establish that the analytical 
method lifecycle comprises of three phases: 

 – Phase 1. The method design: the depiction of the de-
mands and the nature of the process; 

 – Phase 2. The validation method: guarantee that the 
process meets the design;

 – Phase 3. The life cycle management/Continued pro-
cedure performance verification confirms that the 
process remains in the controlled state [15].

1. Method design 
Method design from point of view of AQbD incorpo-
rates the Method Operable Design Region (MODR), that 
means defining Analytical Target Profile (ATP), the experi-
mental design screening and establishing Critical Quality 
Attributes (CQA).

1.1. ATP (Analytical Target Profile)
The analytical target profile is the necessary tool for product 
development, as it is outlined in the ICH Q8 guidelines. 
ATP describes the essential requirements to be measured 
which influence product advancement. The ATP is a col-
lection of all the presentation constraints that are required 
for the planned analytical application [16]. An ATP is ad-
vanced for every attribute which is present in the control 
strategy. Analytical Target Profile defines the goal of the 
analytical technique development process and relating the 
outcomes of the method to achieve QTPP. Based on EF-
PIA and PhRMA ATP can be defined as a statement that 
defines the purpose of the method which is utilized to drive 
method design, selection, and development activities [3]. 

Analytical Target Profile is a crucial parameter in AQbD 
facilitating the greater constant improvement of analyti-
cal techniques and their choice when the ATP statement 
is approved by the regulatory authorities. Internal change 
control management in the pharmaceutical industry is re-
sponsible for perfect implementation of ATP to offer regu-
latory flexibility [12, 17].

The general ATP of the analytical procedures compris-
es of [18]: selecting the target of analytic process (Active 
Product Ingredient API and impurities); selecting the tech-
niques to be used in process (HPLC, GC, HPTLC, Ion 
Chromatography, chiral HPLC, …); choosing the required 
method (assay or impurity profile or residual solvents).

The selected method should be precise and accurate; 
these are essentially the characteristics and provide vital 
information for the purpose of computing an unknown 
amount of the material for use in the process method. In 
the absence of accuracy and precision, a method will not 
be correct. In order to achieve a method which is accu-
rate and precise, some important characteristics need to be 

evaluated [19]. These characteristics could be an accept-
able specification, a space that is stated linearly, adequate 
peak determination, or else. These characteristics ensure 
that widespread data set for setting the constraints of the 
method.

1.2. Critical Quality Attributes (CQA)
The ICH Q8 guidelines describe CQA as the chemical, 
microbiological, physical and biological properties of a 
drug. These properties should be within the constraints to 
guarantee that the end product is of desirable quality [20]. 
In the instances of process related to CQA the drug prod-
ucts quality characteristics for example dissolution, assay, 
chromatographic purity, residual solvents, microbial limits, 
dosage unit’s uniformity, water content, suspensions, vis-
cosity in creams, the medicament in soft gelatin capsules, 
and medicament are regarded as vital quality properties. 
While in case of AQbD considering an HPLC technique 
development as typical example theoretical plate count, 
tailing of the peak, the resolution between impurities and 
main analyte, capacity factor, peak purity are considered as 
CQA [14].

As features of the CQA, the accuracy and correctness of 
the development process are to be calculated holistically, 
for the identification of the Target Measurement Uncer-
tainty (TMU). This TMU is connected to the result of the 
development process [21,22]. The TMU is not a measure-
ment that can be attained on its own; rather it is the maxi-
mum measurement that can be accepted by the Measure-
ment Uncertainty (MU) [23].

1.3. Risk management
Risk management is defined as the systematic analytical 
method for the examination, regulation and, acknowledg-
ment and validation of the threats to the quality of the 
finished product [24]. It is carried out throughout the lifes-
pan of the product, which in this case is a drug product. 

1.3.1. Risk assessment 
Risk assessment is an essential phase of the risk manage-
ment process. This phase improves the quality of the pro-
cess. It can be defined as a single or combined view of the 
occurrence of any impairment or the degree of the impair-
ment to the process. Risk assessment assists in increasing 
the quality of the development process. In addition, it is a 
factor for the impact of the initial variables on the analytic 
development process. Through the process of risk assess-
ment, the perilous attributes that can disturb the quality of 
the end product are documented. 

The important reasons for risk assessment are to identify 
the degree of dangers at the start of the analytic develop-
ment of drug; to decrease the variety of CQA chosen; to 
acknowledge the suitable requirements, the constraints, 
and production regulations [15].

The known methods for risk assessment are fault tree 
analysis; failure mode effect analysis; risk ranking and fil-

Alhakeem MA et al. / Acta Medica Marisiensis 2019;65(2):37-44
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tering; Failure modes and effects analysis (FMEA); Struc-
tured “What-if ” Technique (SWIFT), the fishbone dia-
gram [25].

There are some questions [26] in the risk assessment 
process as:

 – What mistake can take place? 
 – What is the possibility of this happening?
 – What are the difficulties?

In the risk assessment process, the most essential no-
tion in the compliance phase is the concept of the decision 
rules. These guidelines can be defined as the acceptance or 
rejection of the product; this is in harmony with the meas-
ured values of the product. The constraints and uncertainty 
are considered in setting the acceptance limits of the pos-
sibility of making a mistake during the analytic develop-
ment process. While using the established constraints, two 
areas are considered the acceptance and rejection areas. The 
product is then subjected to the tests if the product lies in 
the rejection area, it is considered as compliant, or other-
wise, the product is declared defective [27].

1.3.2. Risk control phase
It is essential to decrease the dangers to a satisfactory level; 
risk control is divided into two categories. These categories 
are risk reduction and risk approval. 

In risk reduction, there are two steps: remedial activities 
in order to solve the inconsistency and remedial activities 
to ensure the inconsistency are not repeated [28].

In risk acceptance, the steps are the assumptions of di-
mensions to be considered; the conclusions on the nature 
of the measurements; defining the following actions to be 
applied; managing the review of the process; risk state-
ment, the administration can decide on the steps to be 
taken. The Sturdiness of the product should be examined 
in all the lifecycle of the product. This feature is vital in the 
process of selecting the best plan for authorization. The 
analytical processes developed at the initial stage are deter-
mined by the assortment of an inclusive procedure and the 
corresponding information of the product (Figure 2).

1.4. Design of experiments (DoE) in AQbD concept
The robustness of the product should be examined in all 
the lifecycle of the product. This feature is vital in the 
process of selecting the best plan for authorization. The 
analytical processes developed at the initial stage are deter-
mined by the assortment of an inclusive procedure and the 
corresponding information of the product [29].  

The design space attributes and AQbD are applied to 
the analytical development process to intensify the supple-
ness of the process and reduce the dangers that can affect 
this process. Design of Experiments (DoE), is a credible 
method used to create the link between the raw products 
and the end products of the process. Normally the DoE is 
applied in the (QbD) process by defining the limits of the 
measurements and attributes in the development process. 
Experts can apply the DoE to find the operating ranges of 

the process [30]. Reducing the number of experiments, for 
example, is essential as it prevents time and money wast-
age in the development process. Saving time as well money 
is only attainable through the assessment of the potential 
risks while ranking them by considering the extent of their 
severity essential in owing to the number of prior argu-
ments [31].

When applied correctly the DoE can provide a big im-
provement in precision and robustness subsequently re-
duce the errors realized in the development process [32]. 
The DoE method for validation aims at validating the 
method for a wide variety of concentration; this ensures 
that any changes in concentration within limits of design 
space will not need extra validation, because the changes 
are in the characterized area [21]. Lately, more attention 
has been put on the DoE applied to the analytical develop-
ment process.

The DoE has three main applications: the process ad-
vancement for new processes or existing ones that need 
upgrading; analytical process verification; measuring the 
impact of the analytic methods on the products [33,34].  

1.5. Method control strategy
The process of creating a control strategy is essential in 
ensuring that the process is performed as planned on 
the foundation of the ATP objectives. A process control 
strategy is a prearranged set of constraints that is aimed 
at reducing the inconsistency of the process. This method 
is reliant on the statistics of the whole process. The data 
which is created during the development and verification 
process is the foundation of the control strategy. The at-
tributes that are found to have risks have to be managed.  
The attributes that are high risk are given additional con-
sideration. The control strategy is defined for the attrib-
utes which have low risks and can be accomplished. This 
control strategy is defined and entails the suitable process 
appropriateness check and verification consistently. Doing 
this ensures that the process supplies a product with the 
desired attributes.

1.5.1. Process analytical technology (PAT)
PAT is a scheme for assessing, planning and regulating the 
quantities of the analytical process; it is done constantly 
in the lifecycle of a product. PAT ensures that the features 
and quality of the product will be as planned [35]. In the 
ICH Q8 guidelines PAT is described as a method that as-
sures product remains in the established design space. In a 
method which is more vigorous, PAT will ensure that active 
regulation of the attributes and the appropriate alterations 
of the limits in the setting of initial materials which would 
otherwise affect the quality of drug are detected [36].

1.5.2. Knowledge management
This is the notion of gathering, treating and checking the 
data from all the previous phases. This ensures that the 
control strategy is accurate. 
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1.5.3. Analytical control strategy (ACS)
The ATP’s primary focus is the identification of the po-
tential risks arising from making incorrect decisions. Con-
trary to the problem of making improper decisions, deci-
sion rules that govern the process of decision-making may 
not be essential all the time. First, the company should 
link the acceptable level of risk to the safety of patients. 
Therefore, the Target Measurement Uncertainty (TMU) 
aims at maximizing the acceptable uncertainty to meet the 
ATP hence ensuring an accomplishment of the fitness-for-
purpose necessary for the process of analysis. ACS, on the 
other hand, plays an essential role in providing consistency 
of TMU during the whole process of analytical procedure 
(Figure 3).

2. Method validation 
Method validation entails clarifying that the chosen meth-
od will provide information that meets the guidelines of 

the ATP, in the predicted conditions. Subsequently, the 
attribute presentation requirements must be put in place 
before the predicted presentation of the analytical devel-
opment process. The analytical techniques used in the 
process of presentation of the prerequisite study should be 
recognized from the information that is accessible. Method 
validation can also be understood as the process of verify-
ing and recording of any evidence, method, and apparatus 
which should be installed correctly. This would, in turn, 
ensure that the process leads to the results which had been 
predicted [39].

3. Continued procedure performance 
verification / Lifecycle Management
The last phase of the AQbD process, this phase involves 
linking the critical quality attributes, the analytical target 
profile, the MODR, and risk assessment of the process 
with preceding information considerations. The lifecycle 

Fig. 2.  An overview of risk quality management [24]. © copyright 2005 International Conference on Harmonisation (ICH) guidelines Q9.
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management of the process offers the background for de-
scribing the method of development of the analytical pro-
cess, ensuring that it meets planned standards throughout 
the life of the product [8]. The lifecycle method is deter-
mined by the methods which satisfy the constraints, suit-
able risk assessment is done to reduce the chances of the 
product failing to meet the standards.

The following stages can advance the analytical devel-
opment of the product lifecycle [40] advancement of the 
measuring; advancement of the decision rule; advancement 
of the ATP; choosing the analytical process that meets the 
set guidelines.

The adaptation of the previous concepts and the exist-
ing concept are used in the verification of the analytical 
process to support the consistency of the product that is to 
be examined. And for the development of the reliability of 
the analytical method throughout the increasing of the un-
derstanding and decreasing of the variability. This is done 
to ascertain that the analytical process correlates with the 
planned objectives specified in the analytical process. The 
lifecycle concept is an addition of the existing advantages 
of the AQbD concept [24].

4. Regulatory prospect 
In line with pharmaceutical guidelines, the analytical pro-
cess plays an important part in the control strategy. The 
analytical process ensures that the planned performance 
and quality of the finished product is achieved through the 
use of the analytical QbD in the drugs manufacturing pro-
cess [41]. The execution of AQbD is depended on the no-

tion of correct examination on the appropriate time; this 
adopts a vital role in the drug production process. Hence, 
analytical QbD execution in the production process as 
a control strategy ensures that the product meets the set 
standards [3]. Currently, the problem relating to the faulti-
ness in the analytical method is becoming more prominent 
especially concerning the departments responsible for the 
transfers and quality control, considering the robustness of 
the whole process. The FDA’s letter to the pharmaceutical 
companies which gives more interest to the reliable analyti-
cal techniques has in the recent past given rise in the Qual-
ity control. Therefore, the success of the company depends 
on the Quality by Design (QbD) employed in the analysis 
of the methods [16].

Conclusions
Quality by Design (QbD) is a concept extensively used 
now in the pharmaceutical industry than the traditional 
process. This method reduces product unpredictability and 
the connected dangers that can be incurred. The execution 
of Analytical Quality by Design (AQbD) in the product 
development is done through understanding the critical 
quality attributes, risk assessment and determination of the 
design space. The execution of QbD to the analytical de-
velopment process has its advantages. The process provides 
a systematic approach; with the approach one is likely to 
explain the rudimentary and misleading concerns. In ad-
dition, the Design of experiments (DoE) strategy helps 
the assessor with more useful and precise data about the 
analytical process development. Through having a good 

Fig. 3. An illustration of how ATP, CQA, and the TMU relate to one another [9]. © copyright 2016 U.S. Pharmacopeial convention (USP).
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understanding of the ATP and the MODR, one can create 
an analytical procedure that is suitable for the demands of 
the ATP. 

Consequently, it is important to use the application 
software of a computer to get more accurate data of the 
investigation. The AQbD approach to the lifecycle of the 
analytical method performance focuses on the envisioned 
purpose of the analytical procedures. This allows for the 
basic interpretation of the analytical process. Nonetheless, 
it is the ATP which incorporates the TMU in the analytical 
development process. The decision rule permits acceptable 
probabilities to be established, these probabilities are made 
with the aim that all the dangers can be handled.
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Objectives: The aim of the study was to propose a new UHPLC method for the determination of cannabidiol (CBD) from supplements and 
drugs available on the Romanian market. Materials and methods: The HPLC assay of CBD was achieved by using a Phenomenex Gemini 
NX-C18 column.  The mobile phase consisted of 70% acetonitrile and 30% water. Elution was performed in isocratic mode and the detection 
was done at 208 nm. The method was tested on hard capsules containing 150 mg of CBD. Results and discussions: The retention time of 
CBD was 2.8 minutes. Regression analysis showed good linearity over the 1-100 ug/ml concentration range. The lowest limit of quantification 
was established at 1 µg/ml. The method was developed by using  reconstituted capsules. The substance proved low stability in solution at 
room temperature and stability at temperatures between 2-8ºC. The recovery of reconstituted samples was 96.77%. The commercial cap-
sules had a very low content of 15-20% from declared content. Conclusions: The proposed method can be used for CBD determination in 
different pharmaceutical formulations – hard and soft capsules with coconut oil as excipient.
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Introduction:
Cannabidiol (CBD), with the IUPAC naming: 2-[(1R,6R)-
3-methyl-6-prop-1-en-2-ylcyclohex-2-en-1-yl]-5-pen-
tylbenzene-1,3-diol is an alkaloid found in the species of 
Cannabis sativa and Cannabis ruderalis; usually it occurs 
in higher concentrations in Cannabis sativa [1, 2, 3].

CBD is a white crystalline powder with a low melting 
point of 63º C, practically insoluble in water 11.6 mg/L 
but soluble in ethanol, methanol, acetonitrile, dimethyl-
sulfoxide (DMSO) [3].

From the pharmacological point of view CBD has a low 
affinity for CB1 and CB2 receptors. Many studies dem-
onstrated that the substance is an antagonist on the CB1 
and CB2 receptors. The alkaloid proved also an antagonist 
effect of the GPR 55 receptor, inverse agonist on GPR 3, 
6 and 12 receptor and a partially agonist on 5 HT1A recep-
tor, having as a consequence antidepressant, anxiolytic and 
neuroprotective effects [4-6]. The oral route bioavailability 
is between 20-33% due to its lipophilic character (log P 
6.33) and due to the first hepatic passage; as a result of 
these characteristics CBD is classified in the second class 
in Biopharmaceutic Classification System (BCS) because 
it has a low solubility but a high permeability [7]. Other 
effects are anti-dystonic [8], antiemetic [9,10] and anti-
inflammatory [11-13].

As a result of the low solubility in water we can found 
on the pharmaceutical market formulas that contain CBD 
dissolved in different types of oils due to the much higher 
solubility. THC can be found besides CBD, a substance 
needing a prescription in some pharmaceutical formula-

tions which is prohibited in many countries or it can be 
prescribed under various restrictions due to the fact that 
cannabis extract is included in the oily phase. In Romania 
CBD could be find as supplements, soft capsules that con-
tain cannabis oil, and formulations, hard capsules with 150 
mg CBD. The number of HPLC published methods for 
CBD determination is low, therefore the aim of this study 
was to propose a new UHPLC method for CBD determi-
nation in hard capsules. 

Material and methods

Chemicals and reagents
The reference substances and reagents used were: CBD – 
99.5 % purity obtained from Trigal Pharma, ACN - Ace-
tonitrile supplied by SLW Chemicals.

Instrumentation and chromatographic equipment
Chromatographic equipment consisted of UHPLC Flexar 
10 system (Perkin Elmer). The analysis was performed on 
a Gemini NX-C18 column, 3.0 x 100 mm, 3 µm. Other 
equipments: a water purification system - Direct Q3 Sys-
tem (Millipore); magnetic stirrer with heater– VWR Hot-
plate Advanced Series; refrigerated ultramicrocentrifuge 
5430 R (Eppendorf ).

Stock and quality control samples
The stock solution of 2 mg/mL was obtained by dissolving 
20 mg of CBD in 10 mL of acetonitrile. A number of six 
concentrations were further obtained: 1 µg/ml, 5 µg/ml, 
10 µg/ml, 25 µg/ml, 50 µg/ml and 100 µg/ml. The quality 
control samples were stored in the freezer at 5ºC.

* Correspondence to: Robert-Alexandru Vlad
E-mail: alexiandru@gmail.com
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Extraction procedure 
Ten capsules were weighted empty and with the mixture 
of CBD and coconut oil in order to determine the average 
mass of the content. A mass of 427 mg of was transfered 
in a 10 ml volumetric flask and extracted with ACN. The 
resulted composition was stirred at 1200 rpm for 60 min-
utes, without heating; the next step was to centrifugate at 
12000 rpm for 5 minutes and in the end from the solution 
obtained a volume of 0.1 ml has been taken diluted 50 
times with ACN.

A quantity of a reconstitued samples equivalent to 15 
mg of CBD and 25 mg of coconut oil was extracted by ap-
plying the same procedure as for the hard capsules. 

Calibration curve and linearity
Calibration curve consisted of a blank sample, a placebo 
sample (sample with coconut oil and ACN) and 6 non-
zero samples, ranging from 1-100 µg/mL. The calibration 
curve plotted the peak areas of the 6 non-zero samples. 

Results

HPLC method development
During the method development, several columns have 
been tested: Zorbax SB-Solvent Saver plus, Supelcosil 
LC-18, Luna C18 (2) and Gemini NX-C18. Due to the 
relatively high tendency of decomposition of CBD under 
temperature effect, the column temperature was set at an 
optimum temperature of 13 ºC and the samples were kept 
at 10 ºC.

The chromatography analysis was finally conducted on a 
Gemini NX-C18, 3.0 x 100 mm column, 3 µm, at 13 °C. 
The analysis time was set for 3.5  minutes. The elution was 
isocratic and a mixture of 70% ACN and 30% water as a 
mobile phase was used, whereas the flow rate was set for 1 
mL/min and the injection volume at 10 µl. The chroma-
tograms were obtained at 208 nm, however spectra were 
recorded between 200-400 nm. 

At the begining of the chromatographic method devel-
opment the purpose was to find a suitable mobile phase 
which leads to adequate peak’s shape and short analysis 
time. Initially CBD was eluted with a mixture of 40%  wa-
ter and 60% acetonitrile gradient composition, resulting in 
broad peak with a retention time of 4 minutes. The chro-
matographic behaviour of the analyte allowed the reduc-
ing the percentage of water to 30% which determined the 
CBD retention time of 2.8 minutes and a total run-time of 
3.5 min, providing symmetric and narrow peak. Based on 
the UV spectra, the optimal wavelength was set at 208 nm. 

Analytical performances of the method
Specificity
The retention time of the CBD in the optimised chroma-
tographic conditions was 2.8 min. No interferences were 
detected at the retention time of the CBD on the chroma-
togram of a blank sample (Figure 1). 

Selectivity
Good selectivity was observed as no peak from the coconut 
oil interfered with CBD. The peaks showed small variabil-
ity, RSD% being less than 5%.

Calibration curve and carry-over
The calibration curve was obtained as area versus concen-
tration by using 6 calibration points. The concentrations 
ranged between 1-100 µg/ml and each calibration point 
was determined by replicate analysis (n=5). The value of 
the correlation coefficient was higher than 0.99. No carry-
over was observed by injecting high-concentration stand-
ard before blank sample analysis.

Accuracy and precision 
Accuracy and precision were calculated at three levels of 
concentration: low L (10 µg/ml), intermmediate I (25 µg/
ml) and high H (100 µg/ml). The intra-day and inter-day 
variability were less than 2% at all the 3 concentrations tak-

Fig. 1. Chromatogram of a blank sample
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en into consideration, showing that the method was pre-
cise and accurate. The CV for intra-day assays ranged from 
0.11% to 1.84% while the inter-day values of CV were 
between 0.31-0.51%. The mean accuracy for the intra-day 
assay ranged between 97.83%-102.99% while the inter-day 
accuracy was between 98.34%-102.81% (Table I). 

Stability
It has been observed that if the CBD capsules are stor-
aged at room temperature the concentration of CBD is 5 
to 6 time smaller compared to when it is kept at tempera-
tures between 2-8 ºC, also the CBD solution kept at room 

temperature gets colored into yellow. No specific storage 
conditions were labelled on the studied commercial sam-
ples. The indication for storage at low temperature is not a 
common label for this substance and commercial products. 
Our findings confirm the Sigma Aldrich storage indication 
at 2-8ºC.

Limits of quantification
These two parameters were analyzed on acetonitrile solu-
tions, diluted from the stock solution. The lowest limit of 
quatification was 1 µg/ml (Figure 2) and the highest limit 
of quantification was 100 µg/ml (Figure 3). 

Table I. Accuracy and precision for within batch and between-batch assays (n=5)

Level Nominal concentration, µg/mL Intra-day Inter  day

RSD % Mean accuracy RSD % Mean accuracy

L level 10 1.84 99.19 0.50 102.5

I level 25 0.29 97.83 0.31 98.34

H level 100 0.11 102.99 0.51 102.81

Fig. 2. Chromatogram of CBD at LLOQ of 1 µg/mL

Fig. 3. Chromatogram of CBD at ULOQ of 100 µg/ml
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Method application for CBD determination in the pharma-
ceutical product
The HPLC UV method was applied for CBD determina-
tion in capsules. The CBD content of the capsules kept at 
room temperature was about 15-20% of the declared con-
centration, while on the reconstituted capsules which were 
kept at temperatures between 2-8ºC for 7 days, the CBD 
content was 96.77%. 

Discussions
In this study, a new HPLC-UV method was developed for 
the screening of CBD in hard capsules. A simple mobile 
phase composition allowed a rapid analysis of CBD (reten-
tion time of 2.8 min) on a middle-bore HPLC column, 
providing symmetric and efficient peak. 

The CBD content of capsules was 96.77% on the recon-
stituted samples while on the ones found on the market it 
was ranged within 15-20%. Beneath the storage mentions 
an important factor which could conduct to low CBD 
concentratios may have been the fact that the capsules were 
close to the expiry date. However a decrease of concentra-
tion of 80% before expiration date indicates that in this 
case the storage below 8 °C is necessary. 

There are few literature data regarding CBD determina-
tion in formulations. Ravula A et al. proposed a similar 
method in terms of efficiency and analytical performances 
[14], but in comparison with the method published by 
Zgair A et al. with a retention time about 8.3 minutes, the 
current method is closed to a high-throughput one [15].

Conclusions
The method obtained is simple, accurate, precise and spe-
cific and it can be used for CBD determination in formula-
tions, hard capsules with cannabidiol and coconut oil. 
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Objective: The purpose of this study was to develop a low-cost, yet sensitive and precise UHPLC method for the quantitative determination 
of ostarine from dietary supplements (DS) for athletes. The analytical performance of the method was verified on a DS legally acquired from a 
specialized website for athletes. The uniformity of mass and content of the ostarine DS was also verified. Methods: For the quantitative de-
termination of ostarine a UHPLC method was developed and validated. The separation was performed using a reversed-phase C18 column, 
using a mixture of 75% methanol: 25% formic acid 0.1% in isocratic elution, at a flow rate of 0.5 ml/min. The uniformity of mass and content 
of DS was performed following the methodology described in the European Pharmacopoeia 7th Edition. Results: The validated method was 
specific and linear on the concentration range of 1-25 µg/ml and was precise and accurate at all concentration levels, according to the official 
guidelines for validating analytical methods. An average mass of 510 mg content was obtained for the ostarine capsules, with an RSD of 
2.41%. Regarding the uniformity of the content, an average of 4.65 mg ostarine/capsule was obtained with an RSD of 1.05%.  Conclusions: 
The developed UHPLC method was suitable, rapid, sensitive and allowed quantitative determination of active substance content in a DS with 
ostarine (92.91% ostarine/capsule from 5 mg ostarine/capsule declared by the manufacturer).
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Introduction
The legal regime of dietary supplements (DS) is extremely 
permissive, leaving for the manufacturers the discretion 
of applying quality standards. In the US, the FDA issued 
a „Dietary Supplement Health and Education Act” stat-
ing that manufacturing companies are responsible for the 
quality and content of active substances and DS labeling 
while their control is the duty of the FDA if post-mar-
keting reports of adulteration, misbranding or misuse are 
signaled. SARMs (Selective Androgen Receptor Modula-
tors) are a class of highly active pharmacological substances 
that are in different phases of clinical study but have not 
yet been introduced into therapy. Their uses could target 
pathologies characterized by a marked protein catabolism 
(cachexia in neoplasic diseases, sarcopenia, muscular dys-
trophy etc.), osteoporosis [1], promoting male and female 
libido, treatment of benign prostatic hyperplasia [2]. 

Selective modulation of androgen receptors in the bone 
and muscle but without affecting genital organs (testicular 
atrophy, oligospermia), hair follicle (alopecia) or sebaceous 
glands (acne) is a cause of abusively use of these substances, 
especially by amateur athletes in the desire to improve their 
physical appearance and increase muscle mass [3]. World 
Anti-Doping Agency (WADA) included these substances 
on the doping list in 2008 [4] and since then, several ana-
lytical methods have been developed to detect doping with 
SARMs [5], therefore professional athletes are less exposed 

to the abuse of such substances than those who practice 
recreational sports.

Ostarine (see Figure 1), also known as GTx-024, S-22 
or enobosarm, is a SARM compound that has already been 
included in Phase 2 clinical trials, to establish the pharma-
cological profile, in cancer patients with cachexia, in el-
derly men with low lean body mass [6], in postmenopausal 
women osteoporosis or breast cancer.

Since ostarine does not have a marketing authorization, 
it can be purchased as DS by athletes and also by those 
who want to improve their physical appearance. Given the 
increased number of pharmaceutical forms with ostarine 
on the market and the extensive use, sometimes in higher 
doses than those recommended by the manufacturer, there 
is a question of improving the methods of analysis of these 
DS. While most of the methods described in literature are 
LC-MS methods, the aim of our study was to develop a 
low cost, but at the same time rapid, sensitive and precise 
UHPLC method with UV detection to quantify ostarine 
in DS (capsules), legally purchased from a website special-
ized for sportsmen.

* Correspondence to: Amelia Tero-Vescan
E-mail: amelia.tero.vescan@umftgm.ro

Fig. 1. Ostarine chemical structure
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Methods
Chemicals, reagents, solvents
Ostarine certified reference standard (CRS) was purchased 
from AbMole BioScience (100% purity). HPLC grade 
methanol and formic acid of analytical grade were pur-
chased from Merck KGaA (Darmstadt, Germany). Mag-
nesium stearate was purchased from Sigma Aldrich and 
ultrapurified water was obtained from a Millipore Direct 
Q system.

Preparation of standard solutions
The ostarine 200 µg/ml stock solution was prepared by 
weighing 1 mg ostarine on a Partner Corporation ana-
lytical balance, which was dissolved in 5 ml of methanol. 
Standard working solutions at 6 concentration levels, over 
the concentration range of 1-25 µg/ml, were prepared by 
diluting the stock solution with 0.1% aqueous formic acid 
solution.

Preparation of sample solutions
Reconstituted samples (containing ostarine and the excipi-
ents declared by the manufacturer such as rice flour and 
magnesium stearate) at 5 concentration levels (1, 10, 15, 
20, 25 µg/ml) were freshly prepared on the day of analysis. 
The solutions were prepared by weighing ostarine (0.25; 
2.5; 3.75; 5; 6.25 mg), rice flour (509.75; 507.5; 506.25; 
505; 503.75 mg) and magnesium stearate (1.25 mg), the 
only three declared components of the capsules of finished 
product. The extraction was made with methanol by stir-
ring the sample for 40 minutes on a VWR magnetic stirrer 
at 800 rpm, then sonicated for 20 minutes and made up 
with methanol at 50 ml. 1ml of each solution was diluted 
to 5 ml with 0.1% formic acid, then filtered through nylon 
filters (0.45 µm). 

Placebo solution was prepared by weighing the appro-
priate amount of rice flour (505 mg) and magnesium stea-
rate (1.25 mg) to a 50 ml flask and the solutions followed 
then the extraction steps as the reconstituted samples.

Three samples for the assay of ostarine capsules were 
prepared by pooling the content of capsules, mixing it and 
weighing approximately 51 mg of powder to a 5 ml flasks 
and performing the extraction method described for re-
constituted samples. 1ml of the solutions was diluted to 
5 ml with 0.1% formic acid, then filtered through nylon 
filters (0.45 µm). 

In order to evaluate the uniformity of ostarine content, 
ten samples were prepared by emptying the powder from 
a single capsule to 50 ml flasks and performing the extrac-
tion method described for the reconstituted samples. 

Chromatographic conditions
An UHPLC method was developed and validated on a Fl-
exar-10 UHPLC system (Perkin-Elmer) consisting of a bi-
nary pump, solvent degasser, autosampler with controlled 
temperature, column thermostat and PDA UV-VIS detec-
tor. Separation was performed on a reversed-phase Gemini 

NX-C18 3.0x100 mm, 3 µm column. The mobile phase 
used for the separation consisted of methanol (75%) and 
0.1% formic acid (25%) in isocratic elution, with a flow 
rate of 0.5 ml/min. The injection volume was 5 µL and 
the detection wavelength was set at 270 nm. The time of 
analysis was 2.5 min for each sample. 

The calibration curves were composed of 6 concentra-
tion levels (1, 5, 10, 15, 20 and 25 µg/ml). The 20 µg/
ml standard solution is the equivalent concentration to a 
capsule of finished product containing the amount of os-
tarine declared on the label by the manufacturer (100% 
level). Due to the variation which may occurs in the DS, 
manufacturers usually trying to use less active substance to 
reduce manufacturing costs, the LLOQ was chosen to be 
at a level of only 5% of the declared content.

The analytical method was validated with regards to car-
ry-over, selectivity, linearity, within-run and between-run 
accuracy and precision and analyte extraction. A total of 
five calibration sequences (containing a calibration curve 
and the apropriate types of samples) were tested during 
validation.

The assay, uniformity of mass and the uniformity of 
content of single-dose preparations were tested following 
the methodology described in the European Pharmaco-
poeia 7th Edition [7]. 

Results 
The selectivity of the method was tested by comparing the 
chromatograms of placebo and LLOQ solutions,  and no 
peaks were detected at the retention time of the analyte 
(1.7 minutes) (Figure 2). 

The carry-over was also evaluated by injecting a blank 
sample (mobile phase) immediatly after a standard solu-
tion with a high concentration (25 µg/mL) and no peaks 
were detected in the blank solution at the retention time 
of the analyte.

Identification based of the similarity of the UV spec-
trum was performed by comparing UV spectras of pla-
cebo, sample and standard solutions, presented in Figure 
3. On the overlaid spectra of placebo solution, 20 µg/ml 
standard solution and the sample solution, two different 
specific wavelenghts were observed for ostarine at 245 and 
270 nm. The method was validated at 270 nm due to the 
higher specificity expected at that wavelength. 

Linearity studies
Each of the five calibration curves injected during the vali-
dation of the method were linear with a correlation coef-
ficient R > 0.99 (Figure 4). 

Precision and accuracy
The accuracy and precision within- and between-run de-
termined on 5 individual concentration levels (1, 10, 15, 
20, 25 µg/mL) according to validation guidelines [8] are 
showed in Table I and Table II, the LLOQ being set at 1 
µg/mL.

Miklos Amalia et al. / Acta Medica Marisiensis 2019;65(2):49-54
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Fig. 2. Overlaid chromatograms of placebo solution and LLOQ

Fig. 3. Overlaid spectra of placebo solution, 20 µg/ml standard solution and sample

Fig. 4. Calibration curve

Miklos Amalia et al. / Acta Medica Marisiensis 2019;65(2):49-54
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Regarding the extraction of the analyte, the repeatability 
within- and between-run was tested at one level of con-
centration (20 µg/ml), testing five replicates. An extraction 
yield of 93.98% within-run with an RSD of 1.72% and 
an extraction yield of 95.35% between-run with an RSD 
0.88%, were obtained respectively, with a mean extraction 
yield of 94.67%.

Following the mass uniformity testing of single-dose 
preparations, an average mass 510 mg/capsule was ob-
tained with an RSD of 2.41%.

In terms of uniformity content of single-dose prepara-
tions, an average of 4.65 mg/capsule was obtained (92.91% 
of the content declared by the manufacturer), with an RSD 
of 1.05%.

Table I. Within-run accuracy and precision

Nominal
conc.
µg/ml

Theoretical conc.
µg/ml

Calculated conc. 
µg/ml

Accuracy  
(%)

Mean calculated conc. 
µg/ml (±SD)

Mean Accuracy  
% (±SD)

Precision  
(RSD, %)

1.39

1.36 1.52 111.81

1.52
(± 0.0191)

108.97
(± 2.0927)

1.92

1.40 1.48 106.04

1.40 1.52 108.64

1.40 1.53 109.74

1.40 1.52 108.60

10.03

10.08 9.86 97.87

9.95
(± 0.1937)

99.14
(± 1.2267)

1.24

9.80 9.63 98.37

10.00 10.09 100.92

10.08 10.06 99.82

10.20 10.06 98.72

14.93

15.00 15.25 101.72

15.18
(± 0.0773)

101.72
(±0.8382)

0.82

14.88 15.08 101.39

14.96 15.14 101.25

14.80 15.26 103.16

15.00 15.16 101.08

19.93

20.20 18.70 92.60

18.54
(± 0.3576)

93.04
(±1.4439)

1.55

20.32 18.77 92.42

19.60 18.45 94.18

19.68 17.94 91.21

19.84 18.80 94.80

25.02

24.84 26.20 105.50

26.10
(± 0.1393)

104.34
(±1.1178)

1.07

24.80 25.98 104.79

25.20 26.13 103.70

25.00 26.25 105.00

25.24 25.92 102.72

Table II. Between-run accuracy and precision

Nominal
Conc. µg/ml

Theoretical conc.
µg/ml

Calculated conc. 
µg/ml

Accuracy  
(%)

Mean calculated conc.
 µg/ml (±SD)

Mean Accuracy  
% (±SD)

Precision  
(RSD, %)

1.38

1.40 1.53 109.60

1.56
(± 0.0493)

112.41
(± 1.9128)

1.70

1.36 1.52 111.81

1.44 1.63 113.40

1.40 1.57 112.50

1.32 1.51 114.73

10.09

10.00 10.00 100.04

9.91
(± 0.0700)

98.23
(± 1.5000)

1.53

10.08 9.86 97.87

10.20 9.88 96.92

10.16 9.83 96.77

10.00 9.95 99.55

14.95

15.00 15.06 100.44

14.98
(± 0.1845)

100.21
(± 0.9971)

1.00

15.00 15.25 101.72

14.88 14.81 99.59

14.96 14.82 99.09

14.92 14.94 100.18

20.14

20.00 18.33 91.70

18.47
(± 0.1643)

91.71
(± 0.9322)

1.02

20.20 18.70 92.60

20.04 18.50 92.35

20.28 18.29 90.20

20.20 18.52 91.71

24.99

25.00 25.54 102.17

25.85
(± 0.4947)

103.42
(± 1.9315)

1.87

25.00 26.20 104.82

25.00 26.48 105.93

24.96 25.25 101.20

25.00 25.74 102.99
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Following  the assay of capsule content, an average of 
4.71 mg/average capsule content was obtained (94.14% of 
the content declared by the producer). Figure 5 shows the 
overlaid chromatograms of a 20 µg/ml standard solution 
and a sample solution prepared from capsule contents.

Discussions
Ostarine is a substance that has been used in clinical trials 
but has not received Marketing Authorization Approval as 
the safety and efficacy are still to be demonstrated and is, 
therefore, marketed as a DS for athletes. If we consider the 
definition of DS, namely “they are oral products that con-
tain substances such as vitamins, minerals, amino acids or 
plant products”, ostarine is a highly active compound that 
cannot be included in this class. In contrast to andarine 
which, by hepatic transformation, is converted into sev-
eral more or less active metabolites following hydroxyla-
tion, deacetylation or reduction, ostarine is active as such 
and is partially eliminated by urine (glucurono- and sulfo-
conjugated) and partly by faeces, therefore the developed 
HPLC-UV method could also be used for the determina-
tion of ostarine from aqueous solution, such as urine, af-
ter hydrolysis of conjugates, for the detection of suspected 
doping cases or in case of intoxication with unknown sub-
stances [9]. The use as a doping agent of ostarine is not 
limited to the human species [10] but also to racing horses 
or to domestic animals as growth promoters, to improve 
the quality of the meat (lean mass).

The pharmacokinetic interactions of ostarine with oth-
er enzyme-inducing/inhibitory substances has only been 
studied in drugs that are relevant for oncology, given its 
effects in cancer-cachexia. Studies show that ostarine did 
not influence the pharmacokinetics of celecoxib or rosuv-
astatin, but rifampicin increased by 23% Cmax and by 43% 
AUC∞ of ostarine and probenecid increased by 50% Cmax 
and by 112% AUC∞ of ostarine [11].

Since DS for sportsmen often contain other substances, 
many combinations of plant origin, there are other pos-
sibilities of pharmacological or pharmacokinetic interac-
tions that may occur. Moreover, due to the lack of side 
and adverse effects described in anabolic steroids, ostarine 
can also be illicitly introduced into herbal or amino acid 
DS for athletes. Literature describes cases of DS adulter-
ated with compounds of the SARMs class [12]. 

A study on the quality of DS with SARMs on 44 mar-
ket products, published in 2017, shows that 9% of DS 
analyzed did not contain the active substance, 25% of DS 
contained substances not mentioned on the label and in 
59% cases the amount of active substance found was dif-
ferent from the one mentioned on the label [13]. 

The tested DS with ostarine comply with the current 
regulations regarding the uniformity of mass and content 
for single-dose preparations, having an individual percent-
age mass deviation under 7.5 % and an individual percent-
age ostarine content deviation under 15%.

Regarding the content of active substance, the DS cap-
sules have a content of ostarine very close to that declared 
by the manufacturer (92.91%).

Conclusions
A rapid and suitable UHPLC method was developed and 
validated to determine the content of ostarine from DS 
legally acquired from a website specialized in selling prod-
ucts for weightlifters, after methanol extraction of the ana-
lyte by magnetic and ultrasonic stirring.

The tested DS with ostarine are compliant with current 
regulations regarding assay, uniformity of mass and con-
tent testing for single-dose preparations.

These control tests are preliminary to the development 
of an animal doping model in order to study the pharma-
cotoxicological profile of ostarine.

Fig. 5. Overlaid chromatograms of a 20 µg/ml standard solution and a sample solution prepared from capsule contents
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Objective: The present work offers a fast, reliable and easy UV spectrophotometric method for the assay of strontium ranelate from bulk 
samples and pharmaceutical dosage form. 
Methods: The proposed method uses 0.1% V/V trichloroacetic acid as dissolution medium for spectrophotometric analysis, by signal detec-
tion at 321 nm. The method was validated according to the currently in-force international guidelines for linearity, accuracy, precision, robust-
ness, limit of detection and quantification.
Results: The method was found to be linear in the range of 5-100 µg mL-1 (R2 > 0.999). Method accuracy was found in-between 98.87-
100.41%, showing good linear correlation as well (R2 = 0.9997). The concentrations for limit of detection and limit of quantitation were found 
1.13 µg mL-1 and 3.77 µg mL-1, resp. The proposed method showed good intra- and interday precision, with low RSD values of 0.53-1.24% 
and 1.11%, resp.
Conclusions: Stability studies performed by both HPLC and UV spectrophotometric methods revealed that the active substance is highly 
susceptible to acidic hydrolysis, oxidation and exposure to high temperature.

Keywords: strontium ranelate, UV spectrophotometry, validation, stress stability, HPLC 
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Introduction
Strontium ranelate (SrR, Protelos, Osseor), chemically is 
the di-strontium salt of 2-(2-carboxy-4-cyano-5-[N,N-
di(carboxymethyl)amino]thiophene-3-yl) acetic acid 
(ranelic acid) (Fig. 1), is used in the treatment of post-
menopausal osteoporosis, having a positive risk/benefit 
ratio, and represents a viable alternative when medication 
with other anti-osteoporotic agents is futile [1]. The active 
substance is freely soluble in aqueous media at pH < 2, 
presenting a decreasing solubility by reaching the neutral 
domain. It is practically insoluble in organic solvents [2].

Literature data revealed that only a few UV spectro-
photometric methods have been reported for strontium 
ranelate so far [3-6]. Further analytical methods imply RP-
HPLC determination [7-10] and capillary zone electro-
phoresis [11] for the determination of the active substance.

According to the guidelines Q1A (R2) and Q1B pub-
lished by the International Conference on Harmonization, 

the forced degradation studies of the active substances are 
helpful for the identification of the possible degradation 
products and also may be applied for the evaluation of 
the intrinsic stability of the molecule. The stress stability 

* Correspondence to: Béla Kovács
E-mail: kovacsbela89@gmail.com

Fig. 1. Chemical structure of strontium ranelate
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testing of an active substance according to the mentioned 
directives should include the effect of temperature, humid-
ity, oxidative conditions, photolysis and hydrolysis across a 
wide pH range. Also, it is specified that photolysis should 
be performed under a light source which provides an illu-
mination greater than 1.2 million lux, and an energy in the 
near UV of not less than 200 Wh/m2 [12,13].

Taking into consideration that the already available UV 
spectrophotometric methods for the assay of strontium 
ranelate use a multicomponent solvent system, having a 
prolonged sample preparation time, our main objective 
was to develop and validate a high throughput, cost-effec-
tive and accessible method for the assay of strontium rane-
late from both bulk samples and pharmaceutical dosage 
form. Moreover, we aimed to test the stability of the active 
substance in accordance with the currently in-force inter-
national guidelines with two different analytical methods 
using an already available HPLC method and the currently 
presented UV spectrophotometric method.

Material and methods

Reagents
Strontium ranelate (SrR) standard was purchased from 
Sigma Aldrich (St. Louis, USA) and bulk active pharma-
ceutical ingredient (strontium ranelate octahydrate) was 
obtained from Dishman Pharmaceuticals and Chemicals 
(Ahmedabad, India). Trichloroacetic acid (TCAA) and 
trifluoroacetic acid (TFA) was used from Merck (Darm-
stadt, Germany). Water, purified was obtained by means 
of a Milli-Q water purification system (Millipore, Merck, 
Germany). Osseor® 2-g granules for oral suspension (Lés 
Laboratoires, Serviér, France) was purchased from lo-
cal pharmacies. Selectivity studies were performed using 
mannitol (Pearlitol 300DC, Ph. Eur., Roquette Pharma, 
France), maltodextrin (Lycatab DSH, Ph. Eur., Roquette 
Pharma, France) and aspartame (Ph. Eur., Sigma Aldrich, 
USA), excipients of the original product.

Preparation of standard solution
Standard solution was prepared by dissolving 4 mg SrR in 
TCAA 0.1% V/V solution in a 100 mL volumetric flask, 
and completed to the mark with the same solution, obtain-
ing a final concentration of 40 µg mL-1.

Apparatus and spectrophotometric method
UV spectrophotometric determination was performed 
using a Shimadzu 1800 UV-VIS (Shimadzu Co., Kyoto, 
Japan) spectrophotometer, special optical glass (OS type, 
Hellma Analytics, Müllheim, Germany) cuvettes with an 
optical path of 10 mm. For the evaluation of the optimal 
determination wavelength a scanning run (200-400 nm) 
was carried out and TCAA 0.1% V/V was used as a blank 
solution. For robustness studies a Labomed UVD-3200 
(Labomed Inc., Los Angeles, USA) spectrophotometer was 
used for comparison. Furthermore, method robustness was 

tested for the type of the cuvettes used for routine analysis, 
as the specification of OS type cuvettes indicates that it 
is useable in the range of 320-2500 nm. Absorbance of 
SrR stock solution was evaluated for both OS type and QS 
(Suprasil® quartz glass, Hellma Analytics, Müllheim, Ger-
many) type cuvettes, for which the recommended working 
interval is greater, lying between 200-2500 nm.

Method validation
Linearity. – Method linearity was assessed in the range of 
5-100 µg mL-1 in seven points (5, 10, 20, 40, 60, 80, 100 
µg mL-1), repeated five times for each concentration. So-
lutions were prepared by dilution with TCAA 0.1% V/V 
from a stock solution of 100 µg mL-1.

Selectivity – The selectivity of the method was inves-
tigated considering the quantitative and qualitative com-
position of Osseor® 2g granules for oral suspension. Pla-
cebo formulation was prepared using 4.0 g mannitol, 0.4 
g maltodextrin, and 0.02 g aspartame per dose. Selectivity 
was evaluated by comparing the absorbance spectrum of 
individually prepared samples of the excipients, placebo 
mixture, and placebo spiked with SrR. All samples were 
prepared under the same conditions using TCAA 0.1% 
V/V as dissolution medium.

Accuracy (recovery) – The accuracy of the method was 
tested using placebo mixture samples spiked with SrR, at 
five concentration levels (50%, 75%, 100%, 125%, and 
150%) of the working concentration, repeated three times 
for each concentration.

Robustness – Method robustness was verified for indi-
vidual changes in detection wavelength (321 nm ± 2 nm), 
temperature (4ºC vs. 25ºC), instrumentation (Shimadzu 
1800 vs. Labomed UVD-3200), pH (2.0 ± 0.2) and cu-
vette type (OS vs. QS).

Precision – The precision of the method was evaluated 
for both intraday- (repeatability) and intermediate preci-
sion. Six individual samples were prepared on the same day 
and on two different days by two analysts. Samples were 
prepared from Osseor® 2g granules corresponding to 3.12 
mg SrR anhydrous.

Limit of detection (LOD) and limit of quantification 
(LOQ) – LOD and LOQ were calculated from the cali-
bration plot as 3.3σ/S and 10σ/S, resp., where σ is the 
standard error of the intercept and S represents the slope of 
the calibration plot.

Statistical analysis
Statistical analyses were carried out using Minitab 17.0 
(Coventry, UK) and Statistica 8.0 (Tulsa, USA) software 
for the validation of the UV spectrophotometric method.

Method linearity and the normal distribution of the re-
siduals was tested using the Shapiro-Wilk’s test (confidence 
interval of 95%). Statistical significance was considered if 
both of the following criteria are met: the W value for SrR 
was greater than the critical tabulated value and p > 0.05. 
ANOVA F-test and its test for lack of fit (confidence limit 
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of 95%) was used for the assessment of the significance of 
the calibration curve.

Student’s t-test was used for statistically evaluating the 
intraday and intermediate precision results (confidence 
level of 95%).

Stress stability testing
Stability testing was performed for acidic – (with 0.1 M 
HCl) and alkali hydrolysis (with 0.1 M NaOH), oxidative 
stress (3% H2O2), thermal degradation (60ºC and 120ºC 
for 2 h) and photolysis (under a 125W UV lamp for 2 h). 
For the acidic –, and alkali hydrolysis, oxidative stress con-
ditions three samples, with two replicates were prepared 
individually for time points of 1, 2 and 7 days. Thermal 
degradation and photolysis studies were also performed 
from two replicate samples under the specified conditions.

Sample preparation for HPLC determination – for sta-
bility testing 4 mg of SrR and 6.24 mg of Osseor® were 
weighed in 50 mL volumetric flasks. For acidic and alkali 
hydrolysis and oxidative stress conditions 2 mL of 0.1 M 
HCl, 0.1 M NaOH and 3% H2O2 were added, resp. The 
samples were held in closed dark chambers until sampling. 
Before analysis, the samples were completed with TFA 
0.1% V/V, stirred on an ultrasound bath for 2 minutes 
and filtered through a 0.45-µm Whatman® nylon filter 
(General Electric Healthcare, UK) in brown HPLC vials. 
The first 2 mL of the filtered solution were discarded. For 
thermal degradation studies and photolysis the volumetric 
flasks were completed with TFA 0.1% V/V after weigh-
ing, stirred on an ultrasound bath for 2 minutes and fil-
tered through a 0.45-µm Whatman® nylon filter in brown 
HPLC vials, prior to analysis.

Sample analysis was performed according to the method 
described by Kovács et al. [9].

Sample preparation for UV spectrophotometric deter-
mination - for stability testing 4 mg of SrR and 6.24 mg 
of Osseor® were weighed in 50 mL volumetric flasks. For 
acidic and alkali hydrolysis and oxidative stress conditions 
2 mL of 0.1 M HCl, 0.1 M NaOH and 3% H2O2 were 
added, resp. The samples were held in closed dark chambers 
until sampling. Before analysis, the samples were complet-
ed with TCAA 0.1% V/V. For thermal degradation studies 
and photolysis the volumetric flasks were completed with 
TCAA 0.1% V/V after weighing.

Results and discussion
Absorption spectrum and selectivity. – The absorption spec-
trum of the stock solution revealed that strontium ranelate 
has an absorbance maximum at λ = 321 nm. Selectivity 
studies elucidated that there is no interference between 
strontium ranelate and the selected excipients at λ = 321 
nm. Furthermore, no change in absorbance maximum was 
observed between the two types of cuvettes tested (Fig. 2).

Linearity. – The method was found to be linear in the 
range of 5-100 µg mL-1 (R2 = 0.9999). The normal dis-
tribution of residuals was evaluated by the Shapiro-Wilk’s 
test, indicating that the residuals follow a normal distribu-
tion, as the WSrR is greater than the critical tabulated value, 
Wc, and p > 0.05.

Accuracy (recovery). – The recovery of placebo spiked 
samples were found between 98.87-100.41% for the tested 
range of 50-150% of the working concentration, fulfill-
ing the requirements of international standard to be in-
between 95-105%. The mean recovery was found to be 
99.24%. The linearity of the tested samples showed a good 
correlation with R2 = 0.9997.

Robustness. – The method was found to be robust for 
all tested changes, the obtained concentrations lying be-
tween 98.23-102.16%.

Method precision. – The precision of the method re-
turned low RSD% values for both the intraday (0.53-
1.24%) and intermediate precision (1.11%).

Limit of quantification and limit of detection. – Based 
on the regression analysis LOD and LOQ values were cal-
culated, resulting in 1.13 µg mL-1 and 3.77 µg mL-1, resp.

The presented method offers a greater linearity interval 
in comparison to the already available UV-spectrophoto-
metric methods for the assay of strontium ranelate, where 
depending on the dissolution medium and method pecu-
liarities linearity ranges of 2-20 µg mL-1 [3], 4-28 µg mL-1 
[4], 5-55 µg mL-1 [5] and 5-50 µg mL-1 [6] are reported. 
Although the current method only approximates the low-
er limits of the disclosed methods (5 µg mL-1 vs. 2-4 µg 
mL-1), the upper limit is substantially superior when com-
pared to literature data (100 µg mL-1 vs. 50-55 µg mL-1). 
Method accuracy shows similar recovery intervals to the 
referred methods. Our method is more bounded regard-
ing the LOD and LOQ values (1.13 µg mL-1 and 3.77 µg 
mL-1, resp.) when compared e.g. to the values presented 

Fig. 2. Absorbance spectrum of strontium ranelate using QS (special quartz) and OS (special optic) type cuvettes
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by Swami et al. [4] of 0.013 µg mL-1 and 0.043 µg mL-1 
for LOD and LOQ, resp. Finally, as the previous studies 
lack the robustness testing of the method, the newly de-
veloped technique assessed the impact of general variables 
(detection wavelength, instrumentation, cuvette type) on 
method performance and tested them during the valida-
tion procedure (Table I).

Stress stability testing. – The active substance proved to 
be highly susceptible to acidic hydrolysis, oxidative stress 
and thermal degradation, especially at high temperatures. 
Alkali conditions, UV light or lower thermal impact has 
only a negligible effect on the stability of SrR. The results 
are in concordance with the finding presented by Swami et 
al. [7], as the active substance subjected to acidic hydrolysis 
and oxidative stress (1 M HCl and 3% H2O2 for ½ hour) 

presents high degradation (77.15% and 80.89%, resp.), 
whilst under thermal impact (60°C for ½ hour), alkali 
hydrolysis (1 M NaOH for ½ hour) and UV irradiation 
(24 hours) only slight decomposition of SrR was observed 
(94.77%, 97.59% and 98.19%, resp.).

The stability testing results are similar to the ones ob-
tained in our previous HPLC studies [9]. The degradation 
profile presents the same level, to a certain extent, regard-
ing hydrolysis, oxidative and photolytic studies for both 
HPLC and UV-spectrophotometric determinations (Table 
II and III).

Conclusions
The presented UV spectrophotometric method proved to 
be adequate for the routine analysis of strontium ranelate 

Table III. Stress stability test results of strontium ranelate bulk samples and Osseor® by UV-spectrophotometry

Strontium ranelate bulk sample, % of degradation by UV spectrophotometry

Stock solution NaOH 0.1M HCl 0.1M H2O2 3%
Thermal degradation

UV light exposure
60ºC / 2h 105ºC / 24h

Day 1 2.26 Nil 8.24 3.74

9.90 87.87 3.20Day 2 7.69 Nil 12.91 9.59

Day 7 25.73 0.95 26.60 61.25

Osseor® samples, % of degradation by UV spectrophotometry

Stock solution NaOH 0.1M HCl 0.1M H2O2 3%
Thermal degradation

UV light exposure
60ºC / 2h 105ºC / 24h

Day 1 2.53 Nil 2.48 3.27

14.24 97.98 2.86Day 2 7.70 Nil 11.11 6.91

Day 7 17.40 0.72 26.55 50.34

Table I. Analytical merits of the developed UV-spectrophotometric method

Parameter Results Statistical results

Linearity (µg mL-1)
5-100

(y = 0.0242x + 0.0116)

R2 = 0.99991 (n=7)
WSrR = 0.911 (p = 0.40)a

Cpk = 2.43d

Accuracy (%) 98.87-100.41 R2 = 0.9997 (n=5)

Intraday precision (RSD, %), n=6 0.53-1.24
t analyst 1, day 1 vs. analyst 2, day 1 = 1.546 (p = 0.15)b

t analyst 1, day 2 vs. analyst 2, day 2 = 0.656 (p=0.53)b

Inter-day precision (RSD, %), n=24 1.11
t analyst 1, day 1 vs. analyst 2, day 2 = 0.580 (p = 0.57)b
t analyst 1, day 1 vs. analyst 1, day 2 = 0.298 (p = 0.77)b

t analyst 1 vs. analyst 2  = 1.614 (p = 0.12)c

Instrument precision (RSD, %) 0.33 -

LOD (µg mL-1) 1.13 -

LOQ (µg mL-1) 3.77 -
a Wc = 0.850, critical value of Shapiro-Wilk’s test; b Critical value of t = 2.228, df = 10; c Critical value of t = 2.074, df = 22; d Cpk > 1.33 (limit of acceptance for process capability)

Table II. Stress stability test results of strontium ranelate bulk samples and Osseor® by RP-HPLC

Strontium ranelate bulk sample, % of degradation by HPLC

Stock solution NaOH 0.1M HCl 0.1M H2O2 3%
Thermal degradation UV light  

exposure60ºC / 2h 105ºC / 24h

Day 1 3.55 Nil 8.11 8.20

17.19 100.00 2.70Day 2 9.32 Nil 10.54 27.96

Day 7 31.97 0.96 37.75 43.02

Osseor® samples, % of degradation by HPLC

Stock solution NaOH 0.1M HCl 0.1M H2O2 3%
Thermal degradation UV light  

exposure60ºC / 2h 105ºC / 24h

Day 1 3.65 Nil 6.80 8.97

4.38 100.00 0.26Day 2 6.76 Nil 9.86 32.13

Day 7 23.61 0.59 35.65 57.84
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from both bulk samples and pharmaceutical dosage forms. 
The method offers a high throughput, low cost sample 
measurement, using conventional apparatus and single 
component solvent system (TCAA 0.1%). The validated 
method according to the currently in-force international 
guidelines presents an appropriate linearity in the range of 
5-100 µg mL-1 and a mean recovery of 99.24%. Moreover, 
the method proved to be applicable regardless of the type 
of cuvettes, thus might ease the analytical transfer between 
control laboratories. Furthermore, taking into consider-
ation the precision of the method validated from Osseor® 
2 g granules for oral suspension, this determination might 
represent an alternative to the currently available analyti-
cal methods. Both the HPLC and UV spectrophotometric 
methods proved to be adequate for the determination of 
the degradation profile of strontium ranelate, the method 
having its limitations in the quantification of the formed 
impurities. The stability studies of the active pharmaceuti-
cal ingredient from both bulk samples and pharmaceutical 
dosage form revealed that it is highly susceptible to acidic 
hydrolysis, oxidative stress and heat being slightly influ-
enced in alkali media and UV light exposure.
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Conducting bioequivalence studies is an essential step during the market authorization process of generic pharmaceutical formulations, for 
both human or veterinary use. The aim of the present study was to evaluate the pharmacokinetics of triclabendazole sulphoxide, the main 
metabolite of triclabendazole, and ivermectin in order to evaluate the bioavailability and bioequivalence of a novel sheep anthelmintic formula-
tion of oral suspension for sheep treatment containing triclabendazole 50 mg/mL and ivermectin 1 mg/mL compared to the reference product. 
In order to determine relative bioavailability of the test product with respect to the reference product the study was conducted on 36 clinically 
healthy sheep, following an unicentric, randomized, cross-over, two-sequence, two-treatment and 14-day wash-out study design. For the 
determination of triclabendazole sulphoxide and ivermectin sheep plasma concentrations, two rapid, selective high performance liquid chro-
matography coupled with mass spectrometry (LC-MS/MS) methods were developed and validated. The measured plasma concentrations 
of triclabendazole sulphoxide and ivermectin were used for the pharmacokinetic analysis and the determination of bioequivalence between 
the test product with regards to the reference product. The noncompartmental analysis of the pharmacokinetic data for both triclabendazole 
sulphoxide and ivermectin showed similarities between first-order kinetics of the test and reference product. The relevant pharmacokinetic 
parameters (Cmax, AUClast, AUCtot) were determined and the bioequivalence between the test and reference product could be concluded. 
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Introduction 
Triclabendazole is an anthelmintic drug which is used for 
the treatment of liver fluke, Fasciola hepatica and Fasciola 
gigantica, in sheep and other livestock. Triclabendazole 
cannot only be used for treating liver fluke in livestock but 
may also be used in cases of human fascioliasis [1].

Following oral administration and absorption triclaben-
dazole is rapidly metabolized in the liver. Triclabendazole 
and its two metabolites, triclabendazole sulphoxide and 
triclabendazole sulphone, have high activity against the 
migratory juvenile stages of liver fluke. Both metabolites 
show important plasma protein binding which explains 
their relatively slow elimination from the animal’s organ-
ism. Triclabendazole sulphoxide and triclabendazole sul-
phone are also the main two unconjugated metabolites pre-
sent in bile. The metabolic mechanism of triclabendazole 
is complex, but helps maintaining concentrations levels of 
triclabendazole and its metabolites in the bloodstream over 
longer periods of time which in turn contributes to its high 
efficacy against the fluke [2].

Triclabendazole sulphoxide is the main active metabo-
lite of triclabendazole and the major metabolite detected 

in the host [2]. Thus, the bioequivalence of a product con-
taining triclabendazole can be evaluated by analyzing the 
pharmacokinetics of the metabolite in plasma and compar-
ing it between the generic (test) and reference product.

Ivermectin is a mixture of two chemically modified 
avermectins (B1a and B1b) and it is a very widely used 
drug against a wide array of nematode species. It is lipo-
philic and thus easily soluble in organic solvents but not 
water soluble [3]. Due to this it tends to accumulate in fat 
tissue and persist for longer periods of time in the body 
not only due to this accumulation but also due to its low 
plasma clearance. For bioequivalence purposes the phar-
macokinetics of avermectin B1a in plasma were analyzed 
and compared between the test and reference product, as 
avermectin B1a makes up more than 90% of ivermectin.

In order to further extend the spectrum of use, the anti-
parasitic drugs are often used in combined therapy [4]. In 
some cases, the combined therapy may even yield higher 
efficacy than the separately applied treatments [5]. Due 
to the multiple compounds, however, the bioequivalence 
studies performed on combined products are more diffi-
cult and complex, from both analytical point of view as 
well as due to the increased number of pharmacokinetic 
analyzes which need to be carried out.

* Correspondence to: Laurian Vlase  
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Bioequivalence studies are an essential step in the pro-
cess of obtaining marketing authorization for generic me-
dicinal products in the USA and Europe. As at the time of 
the study no generic products containing a combination of 
triclabendazole and ivermectin were marketed, the launch 
of a generic product is very important. Generic medicinal 
products not only offer consumers a choice, but can also 
satisfy demand in areas where the originator product is 
scarcely available or not available. On the other hand due 
to competition the authorization of generic product leads 
to a decrease in prices and makes products more acces-
sible to a larger population, especially in underdeveloped 
countries

The aim of the present study was to evaluate the phar-
macokinetics of triclabendazole sulphoxide, the main 
metabolite of triclabendazole, and ivermectin in order to 
evaluate the bioavailability and bioequivalence of a novel 
sheep anthelmintic formulation, an oral suspension con-
taining triclabendazole 50 mg/ml and ivermectin 1 mg/ml, 
compared to the reference product.

Methods
Subjects
The study was conducted on a total of 36 healthy male and 
female sheep in accordance with the following guidelines: 
Good Clinical Practice guidelines [6], EMA Guidelines for 
the Conduct of Bioequivalence Studies for Veterinary Me-
dicinal Products [7,8,9] as well as other applicable regula-
tions or laws enforceable in Romania. 

The study protocol was reviewed and approved by the 
Ethics Committee of the University of Agricultural Sci-
ences and Veterinary Medicine Cluj-Napoca.

Sheep were deemed to be healthy judged by means of a 
medical and standard laboratory examination (normal he-
matology, clinical chemistry and urinalysis).

Study design
The study consisted of two study periods. All animals re-
ceived in each of both periods of the study a single dose 

of product, 0.6 ml/kg bodyweight (either test or reference 
formulation). The first period of the study was followed, 
after a 14 days washout period, by the second period of 
the trial. The sheep were fast from food from the morn-
ing of the day of the drug administration until 24 hours 
after administration. Water was allowed ad libitum until 
2 hours before and 2 hours after administration. Products 
administered were the test product Trimectin 50 mg/ml + 
1 mg/ml Oral Suspension for Sheep (ivermectin 1 mg, tric-
labendazole 50 mg) (Pharma VIM Kft., Hungary) and the 
reference product Fasimec Duo 50 mg/ml + 1 mg/ml Oral 
Suspension for Sheep (ivermectin 1 mg, triclabendazole 50 
mg) (Elanco Animal Health, UK). 

Venous blood samples (5 mL) were drawn from the 
jugular vein, from the neck area, of each subject in tubes 
containing anticoagulant (K3EDTA) before the adminis-
tration (time 0.0) and at 0.5; 1.0; 1.5; 2.0; 3.0; 4.0; 6.0; 
8.0; 10.0; 12.0; 14.0; 16.0; 18.0; 20.0; 22.0; 24.0; 28.0; 
36.0; 48.0; 72.0; 96.0; 120.0; 144.0; 168.0; 216.0; 264.0; 
336.0; 408.0; 480.0 hours post dose administration. Sam-
ples were centrifuged using a Centurion Scientific K241R 
Centrifuge, at 5000 rpm for 10 minutes within 60 minutes 
after collection. The plasma was separated and transferred 
to two test tubes (sample and backup sample). The test 
tubes were securely closed, labeled and immediately frozen 
for storage at -20 °C until analysis. 

Analysis of plasma samples
Sheep plasma concentrations of triclabendazole sulph-
oxide and ivermectin (avermectin B1a) were determined 
using validated high-performance liquid chromatography 
coupled with mass spectrometry (LC-MS/MS) methods 
which were developed in-house. A typical chromatogram 
for triclabendazole sulphoxide and its internal standard are 
presented in Figure 1.

Pharmacokinetic and statistical analysis
Data from all evaluable subjects were included in bioequiv-
alence assessment. All 36 subjects finalized the study and 

Fig. 1. A typical chromatogram for triclabendazole sulphoxide and its internal standard (fenbendazole)
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were included in the statistical analysis of pharmacokinetic 
data. Noncompartmental pharmacokinetic analysis meth-
od was carried out for both triclabendazole sulphoxide and 
ivermectin in order to determine the pharmacokinetic pa-
rameters. For bioequivalence assessment for all the primary 
pharmacokinetic parameters considered (Cmax, AUClast) 
a confidence interval of 90% for the ratio of the popula-
tion means T/R (Test/Reference) was calculated. All these 
pharmacokinetic parameters were planned for analysis us-
ing ANOVA, after data logarithmic transformation. A ref-
erence 90% confidence interval of 0.8 – 1.25 was chosen.  

In addition, summary statistics were performed, includ-
ing arithmetic mean, harmonic mean, geometric mean, 
SEM, standard deviation, median, range. For Tmax com-
parison, non-parametric tests were carried out (Kruskal-
Wallis and Friedman test) on untransformed data. For 
MRT (mean residence time) and Thalf the same statistical 
tests were applied as for primary parameters (Latin-square 
ANOVA with determination of 90% CI of the ratio of 
means T/R after data log-transformation and descriptive 
statistics). The pharmacokinetic analysis was performed us-
ing Kinetica 5 (ThermoLabsystems, USA) [10].

In order to evaluate a possible statistical or clinical sig-
nificance of the pharmacokinetic interaction, an analysis 
of variance (ANOVA) was performed on the main cal-
culated pharmacokinetic parameters, using general linear 
model procedures, in which the sources of variation were 
the subject and the treatment. All calculations and evalu-
ations were analyzed taking into consideration the current 
applicable guidelines [11,12].

Results
All sheep plasma samples obtained during the study were 
analyzed using the fully validated LC-MS method devel-
oped in-house. Improbable results obtained during initial 
assay of samples were reanalyzed in accordance with the 
current guidelines and incurred samples were also analyzed 
on the last day of analysis as part of the validation process. 

During incurred samples analysis the percent difference 
between concentrations obtained for the initial analysis 
and the concentrations obtained after reanalysis was not 
greater than 20% of their mean for 74% of samples for tri-
clabendazol sulphoxide and 84% of samples for ivermec-
tin, respectively. 

The mean plasma concentration curves for triclabenda-
zole sulphoxide and ivermectin were determined, for both 
test and reference product, and are shown in Figures 2, 3, 
4 and 5 respectively.

The mean values for triclabendazole sulphoxide Cmax 
were 56.0 (+/- 17.1) µg/ml for test and 54.4 (+/- 20.1) µg/
ml for the reference product. For ivermectin Cmax mean 
values were 41.2 (+/-8.7) ng/ml for test and 42.2  (+/-10.5) 
ng/ml for reference product, respectively.

Statistical analysis was carried out for the obtained data. 
After applying ANOVA the 90% confidence intervals for 
the ratio of means of triclabendazole sulphoxide and iver-
mectin “Test/Reference” for the highest concentrations 
(Cmax) were 0.98-1.12 for triclabendazol sulphoxide and 
0.92-1.05 for ivermectin. The 90% confidence intervals 
for the ratio of means of triclabendazole sulphoxide and 
ivermectin “Test/Reference” for the area under the curve 
up to the last measurable concentration (AUClast) were 
0.88-1.07 for triclabendazole sulphoxide and 0.86-1.06 
for ivermectin. The mean pharmacokinetic parameters for 
triclabendazole sulphoxide and ivermectin as well as the 
statistics for them are shown in Table I and Table II. 

Discussions
Incurred sample reanalysis testing passed criteria stipulat-
ed in current bioanalytical method validation guidelines 
[13,14] as the percent difference between concentrations 
obtained for the initial analysis and the concentrations 
obtained after reanalysis was within the +/- 20% of their 
mean for more than 67% of the reanalyzed samples, for 
each triclabendazol sulphoxide and ivermectin. Thus, the 
LC-MS method used for analysis being validated and in-

Fig. 2. Mean plasma concentration curves for triclabendzole sulphoxide in bioequivalence testing of two anthelmintic formulas for sheep
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Fig. 3. Mean plasma concentration curves for triclabendzole sulphoxide in bioequivalence testing of two anthelmintic formulas for sheep, 
zoomed in for the interval 0-100 h 

Fig. 4. Mean plasma concentration curves for ivermectin in bioequivalence testing of two anthelmintic formulas for sheep

Fig. 5. Mean plasma concentration curves for ivermectin in bioequivalence testing of two anthelmintic formulas for sheep, zoomed in for 
the interval 0-100 h
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curred sample analysis testing passing acceptance criteria, 
the plasma concentrations determined for the study sam-
ples can be considered accurate.

Based on the obtained plasma concentrations statistical 
analysis of data was carried out. The primary pharmacoki-
netic parameters (Cmax, Tmax, AUClast) were calculated 
for triclabendazol sulphoxide and ivermectin and used for 
the bioequivalence evaluation of the test product with re-
gards to the reference product. 

The parametric 90% confidence interval for the ratio 
T/R period of the mean pharmacokinetic and the signifi-
cance of the difference of Tmax values based on Friedman 
and Kruskal-Wallis test are also shown.

 The 90% confidence intervals for the ratio of means 
of triclabendazole sulphoxide and ivermectin “Test/Refer-
ence” respectively, were within the conventional bioequiva-
lence range of 80-125 % for all primary parameters. The 
difference between means is not statistically significant for 
the Tmax of the test and reference products (Friedman and 
Kruskal-Wallis test) for neither triclabendazole sulphoxide 
nor ivermectin.

Thus, we were able to consider that all criteria described 
in current guidelines for bioequivalence testing were met 
for the test product [11,12].

Conclusion
The bioequivalence could be concluded between the stud-
ied test and reference products due to the calculated 90% 
confidence interval around the ratio of means (Test/Refer-
ence) of log transformed data falling within the reference 
acceptance range for bioequivalence of 0.8 – 1.25 for all 
primary pharmacokinetic parameters of both triclabenda-

zole sulphoxide and ivermectin. The Friedman and Krus-
kal-Wallis tests showing no significant difference between 
Tmax of reference and test products for both triclabenda-
zole sulphoxide and ivermectin. 
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Introduction
According to Geoffrey Rose: “It is better to be healthy than 
ill or dead. That is the beginning and the end of the only 
real argument for preventive medicine. It is sufficient“ [1].

Tobacco use is a man-made pandemic with a huge im-
pact on public health. Smoking is not just a bad habit it 
is a severe addiction affecting body and mind, leading to 
serious conditions, disability, and death. Smoking is an im-
portant risk factor for many oral diseases, such as mucosal 
and periodontal diseases or cancer [2]. There is growing 
evidence, that oral status reflects the general physical and 
mental health, and periodontitis may be indicative of other 
chronic diseases like atherosclerosis, stroke, myocardial in-
farction and diabetes [3]. The progress of numerous oral 
diseases is reversible, and survival rates for early diagnosed 
oral cancers are high, if treated in the initial stages [4]. 

Dentists have an important role in preventing initia-
tion of tobacco and promoting cessation. According to the 
FDI World Dental Federation “oral health professionals 
are in a unique position to contribute to tobacco control”. 
They have the opportunity, responsibility and obligation to 

change their patients’ behaviour, to protect them of falling 
victim to the world epidemic. [5]  To increase the capacity 
of dentists and other health professionals to curb tobacco 
use, UMPSTTM was the first health professional univer-
sity in Romania to launch a comprehensive smoke-free 
initiative. The initiative includes assessment of smoking 
habits, attitudes toward smoking, exposure to second-hand 
smoke, level of knowledge related to smoking cessation 
methods, with the aim of promoting non-smoking among 
students and ensuring a smoke free environment in the 
medical campus. 

Methods
Design 
A cross-sectional survey of Dental Faculty students from 
all study years (1 to 6) was made in March 2014 as part of 
the Smoke Free University project. Trained data collectors 
distributed the questionnaires and answer sheets designed 
for immediate electronic scanning. From a target popula-
tion of 795 students, 581 (73.1%) completed the ques-
tionnaires. This study was approved by the Institutional 
Ethics Committee of UMPSTTM. 
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Table I. Prevalence of current tobacco use by year of study and gender

Year of 
study

Current cigarette smokers Current use other tobacco products

Total% (N)
Female%

(N)
Male%

(N)
P value

Total%
(N)

Female%
(N)

Male%
(N)

P value

1 35(36) 33.3 (22) 37.8(14) 0.64 18.4(19) 9(6) 35.1(13) 0.001

2 38.1 (37) 36.8 (25) 41.4 (12) 0.66 25.7 (24) 19.1 (13) 37.9 (11) 0.049

3 39.9 (55) 43.2 (38) 34 (17) 0.28 10.9 (15) 8 (7) 16 (8) 0.14

4 41.6 (50) 40 (28) 44 (22) 0.66 17.5 (21) 8.5 (6) 30 (15) 0.002

5 37.5 (24) 32.4 (12) 44.4 (12) 0.32 10.9 (7) 10.8 (4) 11.1 (3) 0.96

6 39 (23) 43.2 (16) 31.9 (7) 0.38 6.77 (4) 2.7 (1) 13.6 (3) 0.1

All years 38.7 (225) 38.5 (141) 39.1 (84) 0.48 15.5 (90) 10.1 (37) 24.6 (53) < 0.001

Measurement
The 72-item questionnaire included:  42 core questions 
from Global Health Professions Student Survey GHPSS 
and 30 questions specific to our study.   Questions were 
structured into 7 sections as follows: 

Section 1: Demographics (age, gender, year of study, 
faculty, language of study); 

Section 2: Tobacco use (experimenting cigarette smok-
ing and/or other tobacco products, age of smoking the first 
time, days of smoking and/or using other tobacco products 
during the past month, age of starting smoking regularly, 
smoking and/or using other tobacco products on universi-
ty campus and/or in buildings during the past year, smok-
ing status of parents and their cardiovascular or pulmonary 
diseases;

Section 3: Addiction and cessation (time elapsing to 
light up the first cigarette after waking up in the morn-
ing, actual willingness to quit and/or change for other 
tobacco products, attempts to quit during the last year, 
getting help or advice on cessation, quitting advice to 
patients depending on the smoker status of the health 
professional); 

Section 4: Environmental tobacco smoke (ETS) es-
pecially in confined spaces of the university concerning 
smoking ban and its enforcement); 

Section 5: Attitudes toward smoking (opinion on smok-
ing ban policy, health professional’s role model and its im-
portance in smoking cessation counselling for patients); 

Section 6: Knowledge and training (level of knowledge 
of tobacco use and cessation techniques); 

Section 7:  Smoke Free University program (asking 
students about their intention to advice patients to quit 
smoking and whether they feel capable of doing that based 
on their current knowledge, their interest attending the 
tobaccology course, willingness of being involved in the 
Project and their opinion on the impact of the Project on 
smoking habits of students and teachers, and finally the 
students’ opinion about placing specially designed smok-
ing areas outside the university buildings, perceived smok-
ing behaviour at UMPSTTM); 

 Data were analysed using IBM-SPSS v.22 software. 
Bivariate analyses were conducted using chi square test 
(p<0.05). Results were compared with GHPSS data of 
third year dental students around the world, and Global 
Adult Tobacco Survey GATS data collected in Romania 
2011. 

Results
Demographic characteristics 
Respondents were 63% females aged between 19-24 years 
old.

Smoking behaviour
Most of the respondents (81.6%) reported having experi-
mented with cigarettes (even only one or two puffs). Most 
of them (76.0%) admitted smoking initiation before 18 
years old, while 24.0% experienced cigarettes for the first 
time later at the university.

According to the current smoker definition (anyone 
who has smoked in the last 30 days prior to the survey), 
there were 61.3% non-smokers, 38.7% smokers, 9.4% 
daily smokers (9.01% of females and 10.23% of males). 
Prevalence of smoking was nearly the same in each year. 
Overall prevalence of females was 38.5% that of males 
39.1% with no significant gender difference (p=0.48).

The age of smoking initiation was under 19 years in 
66.2% and 33.8% started over 19 years. 

Table I. shows the current use of other tobacco products 
(at least once in the past month) Prevalence decreased sig-
nificantly from 18.4% of 1st year students to 6.7% of 6th 

year students. (p=0.04).
As a marker of nicotine dependence, 31 students 

(13.7%) admitted to smoking the first cigarette within 
10 minutes after waking up in the morning, 105 (46.6%) 
smoked the first cigarette between 10 and 30 minutes. 
Among daily smokers, 30 students (54,5%) lit up the first 
cigarette within the first 30 minutes after waking up in the 
morning. 

Among all current smokers, 100 students (44.4%) were 
interested in quitting smoking as soon as possible. Past at-
tempts to quit in the previous year were reported by 102 
students (45.3%).   56.3% thinks that they will definitely 
quit smoking in the following five years (“probably quits” 
33.9%). Only a minority (1.8%) anticipates continued 
smoking beyond five years (“probably continues” 8.1%). 
Among 225 current smokers only 103 (45.7%) received 
help or advice when trying to quit smoking.  

Most students were  aware of smoke free policy in hos-
pitals (80.7%) and university buildings (82.6%).  60.2% 
report that this policy is enforced efficiently, while 34.3% 
do not; almost 1 in 10 did not realize there was a smoking 
ban in all educational facilities. 188 students (2.5% of all 
students and 83.5% of current smokers) admitted having 
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smoked on campus including 51 (8.8% of all students and 
22.6% of current smokers) who reported smoking inside 
the university buildings.

38 students (6.6% of current students and 42.2% of 
current users) declared that they had used other tobacco 
products (e.g. chewing tobacco, snuff, bidis, cigars, hook-
ah or pipes) on the campus and 15 students (2.6% of all 
students and 16.6% of current users) admitted use inside 
the university buildings.

Exposure to second-hand smoke SHS 
During 7 days prior to the survey, 48.9% indicated they 
were exposed SHS in their homes, and 16.0% admitted 
daily exposure. Outside their homes, 78.1% indicated any 
SHS exposure and 17.6% admitted daily exposure. 

In the university’s central building 33.3% of non-smok-
ers were exposed to SHS I the 7 days preceding the survey. 
About 1 in 3 students (29.4%) reported exposure 1-4 of 
the previous 7 days, while 6.6% reported exposure every 
day in the preceding week.  In the inpatient university 
clinics, 31.3% of non-smokers realized SHS in confined 
spaces. In students’ dormitories, 72.4% of the non-smokes 
reported second-hand smoke exposure. 

Attitudes toward smoking policies
Attitudes towards legislation of tobacco control and the 
awareness of their future role model for patients differ sig-
nificantly across non-smoker and smoker students. Table 
II. summarizes these attitudes related to the actual smok-
ing status.

Students often tolerate their smoking peers even when 
they smoke inside the university buildings where smok-
ing is banned. One-third (33.3%) considered that it is not 
their “business” if they realize someone smoking inside the 
university buildings, although 37.4% criticized this be-
haviour. 17.4% reported that they would refer smokers to 
designated smoking areas, but only 10.3% affirmed they 
would inform smoking persons that they behave illegally.

Training of dental students about tobacco cessation 
21% of participants stated that they had received formal 
training in smoking cessation, although 91.9% of the stu-

dents wanted to be trained in this regard. Most students 
indicated that they learned about the dangers of smoking 
(71.9%), the importance of recording tobacco use as part 
of the patient’s general medical history (73.1%), and they 
were informed about nicotine replacement therapy options 
(90.7%). The training is lacking information about reasons 
why people smoke (33.4%), practical smoking cessation 
approaches (21.2%), significance of providing educational 
materials to support cessation to patients who want to quit 
smoking (23.3%), and options of pharmacotherapy to 
support tobacco cessation programs (27.4%). 

Based on their current knowledge, only 27.9% are 
convinced that they are able to deliver smoking cessation 
advice to smoking patients, while 55.3% feel that they 
were probably able to support the patients Most students 
(63.4%) declared that they would be interested attending 
special tobacco course about the risks of smoking, benefits 
of cessation, cessation techniques, and basics of nicotine 
replacement therapy.

Discussion
Overall prevalence of current smoking in Romania (a mid-
dle income country) was 26.7%, being more than two 
times higher among men (34.9%) than women (14.5%). 
An inquiry upon the prevalence of smoking among medical 
doctors (n=1,136) in Romania revealed the overall preva-
lence of 43.2% (50.1% of males and 38.6% of females) 
[7]. It is far from 2025 WHO suggestion of 15.0-19.9%. 
According to Professor Richmond: “Leadership from the 
medical profession is essential if the world is to reduce pre-
ventable diseases caused by smoking” [8]. 

Our results provide evidence based data about smok-
ing habits and attitudes of dental students at UMPSTTM.  
Their smoking prevalence of 38.7% was considerably high-
er compared to Romanian adult overall population (22.6% 
in age group 15-24 years), and especially high among fe-
male students (38.5%) contrasted to 16.7% of Romania’s 
adult female population [6]. However, our study showed 
no significant gender difference of cigarette smoking. 

The Global Youth Tobacco Survey (2009) indicates that 
13.5% of Romanian school students aged 13–15 years 
have smoked at least one cigarette in the past 30 days. The 

Table II. Dental students’ attitudes toward tobacco control and quit smoking support, stratified by their smoking status

N=581 Percentage “of yes” answers to the questions

Variables Overall % Non- smokers % Smokers % p value

Should tobacco sales to adolescents be banned? 92.9 96.0 87.9 <0.0001

Should advertising be completely banned? 77.5 83.1 68.4 <0.0001

Do you agree with smoking ban in restaurants? 82.6 92.1 67.4 <0.0001

Do you agree with smoking ban in discos/bars/pubs? 58.2 73.0 34.7 <0.0001

Do you think that smoking in all public spaces should be banned? 73.9 85.4 55.8 <0.0001

Should health professionals get cessation training? 91.9 95.7 86.6 <0.0001

Are health professionals role models? 71.8 73.8 68.8 0.11

Should health professionals give quitting advice routinely? 90.4 94.4 84.0 <0.0001

Should health professionals advise stopping other tobacco products? 86.4 88.3 81.8 0.007

Do health professionals have a role in giving advice? 91.7 92.1 91.1 0.38

Do chances of quitting improve if health professional gives advice? 78.4 81.7 73.2 0.01

Are health professionals who smoke less likely to advise patients to stop smoking? 44.5 47.5 39.9 0.08
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European School Survey Project on Alcohol and Other 
Drugs (2011) Report shows that among 15- to 16-year-
old Romanian students 29% smoked in the last 30 days. 
Another study from 2016 reported 24.1% prevalence of 
smoking in the last 30 days among 15 years old adolescents 
living in Târgu Mureș [9], this prevalence increases among 
19-24 years old dental students according to our study to 
38.7%. These numbers mean that between 13 and 24 years 
adolescents are at an increased risk of becoming smokers.

Comparing our results with GHPSS dental data of Eu-
ropean countries (Table III.) female rates are similarly high 
and Romania was on the 4th place of the negative list of 16 
countries.  Although, overall prevalence rate of smoking 
was high, daily smoking was less frequent among dental 
students compared to the 15-24 age group of Romania’s 
general population. Previous surveys in Romania about 
smoking habits of dental students found similarly high 
smoking rates [10, 11]. This might have been due to the 
lack of tobacco-control programs of professional educa-
tion. Lacking of relevant programs even now explains why 
there was no difference by academic years of smoking rates 
in our survey. 

Current use of other tobacco products was higher among 
male students as was in all European countries from the 
GHPSS study [12]. 

Many students started smoking before entering univer-
sity, which is consistent with GATS findings with highest 
proportion of initiation at age 17-19 [6]. 

“Health workers should look at themselves before trying 
to convince others to quit smoking” [9].  Results of our 
survey showed not only a widespread use of tobacco among 
dental students, but also lack of willingness to quit smok-
ing in more than half of current smokers. It is a consider-
ably high proportion if compared with 33.6% of current 
smokers interested in quitting in the general population 
of Romania [6]. This can also be related to the fact that 
less than half of current smokers among dental students 

received any help or advice on smoking cessation.  Only a 
small percentage of participants think they will be smokers 
after 5 years, however they are identical with the nicotine 
dependent subsample. 

Second-hand smoke exposure
In Romania, despite of implementing smoking ban in in-
door areas of public places including hospitals and educa-
tional facilities exposure did not change to ETS [13]. 

Our results of SHS exposure resemble those of GHPSS 
study in high rate European countries (32 of 48) [12].  
More than 2/3 (78.1%) of UMPSTTM dental students 
reported SHS exposure outside their homes during the 
week prior to data collection. (comparing Republic of 
Moldova 79.2%, Kyrgyzstan 78.2% Slovakia 71.4%, Slo-
venia 74.4%) [12]. 

One third of non-smoker dental students (33.3%) re-
ported exposure to SHS in university buildings however 
47.5% of the general population realized tobacco smoke in 
universities of Romania [6]. We found higher prevalence 
of reported indoor SHS exposure in our dental students’ 
homes contrasted to the Romanian adult population (48.9 
% versus 35.4% of GATS) [6]. Indoor exposure is mount-
ing (72.0 %) if related to the dental students’ dormitories-
Despite the fact that dental students were mostly aware 
of non-smoking policy rules, they disrespected them while 
admitting that they did not realize any control. Attitudes 
of dental students toward smoking regulation policies and 
health professional’s role in tobacco cessation counselling 
depended heavily on their smoking status. Smokers were 
less likely to support smoking control policy, like smok-
ing ban in all confined public spaces, restaurants, discos/
bars/pubs, and they did also not support complete ban on 
advertising tobacco products and tobacco sales to underage 
people. Smoking status also proved to decrease the willing-
ness to be trained in smoking cessation counselling and to 
provide patients advice to quit. Both smokers and non-
smokers agreed on health professional’s role model. Com-
paring the share of relevant opinion of our dental students 
(91.7%) with those of other European countries, 8 coun-
tries out of 10 placed behind UMPSTTM with highest 
value in Latvia (90.5% and the lowest in Slovakia 56,8%). 
Findings were the same regarding the opinion of provid-
ing health professionals with specific training on cessation 
techniques (UMPSTTM 91.9%, Latvia 90.0% and Mac-
edonia 78.0%). Results of our study and those of GHPSS 
indicate that dental schools failed to meet this demand. 
Except Moldova (63.1%) among other European coun-
tries, less than half of dental students have ever received 
any formal training in smoking cessation counselling. The 
lowest value shows Slovakia (14.0%) and UMPSTTM was 
in the lower third (21.0%) of the range [12].

“Dental practice in the 21st century will increasingly 
move from a restorative orientation to one of broader pro-
motion of health and well-being. It is unconscionable to 
not include aggressive tobacco intervention in that new 

Table III. Prevalence of cigarette smoking in selected European 
countries according to Dental Global Health Professions Student 
Survey compared with UMPSTTM data of 3rd year dental stu-
dents.[12]

Country year Total% Male% Female%

Republic of Moldova 2008 65.2 69.1 -

Macedonia 2009 52.5 52.4 52.5

Bulgaria 2009 52.2 49.3 54.7

Kyrgyzstan 2008 44.0 60.9 27.8

Russian Federation 2006 43.7 53.3 37.9

Greece 2009 39.1 31.7 43.5

Romania (UMPSTTM) 2014 38.7 38.5 39.1

Bosnia Herzegovina 2006 36.1 34.1 37.1

Czech Republic 2006 33.3 29.4 34.4

Albania 2005 30.1 38 27

Lithuania 2006 29.6 61.7 22.9

Slovakia 2006 29.3 23.1 32.1

Serbia 2006 28.5 24.7 31

Armenia 2006 28.4 60.2 7.8

Latvia 2009 19.6 32.4 32.1

Slovenia 2007 17.9 - 17.6
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paradigm.” [14] Discouraging tobacco use among dental 
students, offering them a smoke free environment and in-
cluding education about tobacco in their medical curricula 
may help to translate ideas into action. We hope that the 
Smoke Free University project is a good start and will help 
in developing efficient tobacco control program at all Ro-
manian universities. 

Limitations and strengths of the study
Our data were based on anonymous voluntary answered 
questionnaires, this fact constitutes the strength and in 
same time the limitation of the study. Results of this study 
provided reliable baseline data of dental students’ smoking 
behaviour, attitudes, cessation plans, and their knowledge 
about smoking cessation counselling. 

Conclusions
Tobacco use prevalence is higher among future dentists 
compared to Romania’s general population and to most 
of the countries taking part in the GHPSS study. Our 
students’ attitude is ambiguous, as they disregard already 
implemented antismoking regulations, their willingness to 
quit is alarmingly low, but most of them are aware of the 
role model of health professionals and consider that they 
should receive academic education about smoking cessa-
tion interventions. Behavioural changes of dental students 
toward tobacco smoking are urgently needed by introduc-
ing trainings about smoking cessation counselling in the 
academic curricula.

Authors' contribution
Márta Germán-Salló, PhD (Conceptualization; Investiga-
tion; Methodology; Project administration)
Zoltan Preg, PhD (Conceptualization; Data curation; For-
mal analysis; Investigation; Methodology; Project admin-
istration; Resources; Software; Writing – original draft; 
Writing – review & editing)
Dalma Bálint Szentendrey, PhD (Conceptualization; Data 
curation; Investigation; Validation; Visualization)
Enikő Nemes-Nagy, PhD (Conceptualization; Data cu-
ration; Formal analysis; Investigation; Methodology; Re-
sources; Supervision; Validation)
Mihály Imre László, Dr. (Data curation; Formal analysis; 
Investigation; Methodology; Software; Validation; Visuali-
zation)
Zita Fazakas, PhD (Conceptualization; Investigation; 
Methodology; Supervision; Validation)
Edith Simona Ianosi, PhD (Conceptualization; Data cura-
tion; Investigation; Methodology; Validation)

Pál István Kikeli, PhD (Conceptualization; Data curation; 
Formal analysis; Funding acquisition; Investigation; Meth-
odology; Project administration; Supervision)
Zoltán Ábrám, PhD (Conceptualization; Funding acquisi-
tion; Investigation; Methodology; Project administration; 
Resources; Writing – review & editing)
Péter Balázs (Conceptualization; Formal analysis; Funding 
acquisition; Investigation; Methodology; Project adminis-
tration; Writing – review & editing)

Aknowledgement and funding
Research reported in this publication was supported by 
the Fogarty International Center and the National Cancer 
Institute of the National Institutes of Health under Award 
Number R01TW009280. The content is solely the re-
sponsibility of the authors and does not necessarily repre-
sent the official views of the National Institutes of Health.

Conflict of interests
None to declare.

References 
1. Jenkins CD. Building better health: a handbook of behavioral change. 

Washington, D.C: Pan American Health Organization, Pan American 
Sanitary Bureau, Regional Office of the World Health Organization; 2003. 

2. Petersen PE. Tobacco and Oral Health – the Role of the World Health 
Organization. Oral Health. 2003;1(4):8. 

3. Li X, Kolltveit KM, Tronstad L, Olsen I. Systemic Diseases Caused by Oral 
Infection. Clin Microbiol Rev. 2000;13(4):547–58. 

4. Tobacco and Oral Health [Internet]. Action on Smoking and Health. 2016 
[cited 2019 Feb 19]. Available from: http://ash.org.uk/information-and-
resources/reports-submissions/reports/tobacco-and-oral-health/

5. Beaglehole RH, Benzian HM, World Health Organization, International 
Dental Federation. Tobacco or oral health: an advocacy guide for oral 
health professionals. Lowestoft, U.K.: FDI, World Dental Press; 2005. 

6. Irimie S. Global adult tobacco survey: România 2011. Cluj-Napoca: 
Eikon; 2012. 

7. Didilescu C, Munteanu I. [The prevalence of smoking in physicians in 
Romania]. Pneumologia. 2000;49(2):91–4. 

8. Richmond R. Teaching medical students about tobacco. Thorax. 1999 
Jan 1;54(1):70–8. 

9. Nădășan V, Foley KL, Pénzes M, Paulik E, Mihăicuţă Ș, Ábrám Z, et al. 
Use of electronic cigarettes and alternative tobacco products among 
Romanian adolescents. Int J Public Health. 2016;61(2):199–207.

10. Didilescu A. Smoking Habits and Social Nicotine Dependence among 
Dental Students in Romania. 2014;13(1):6. 

11. Benedek (Bukhari) C, Kerekes-Máthé B, Bors A, Kovács M, Zita F, 
Székely M. Smoking Related Habits and Attitudes of Dental Students. 
Acta Medica Marisiensis. 2012;58(5):266–71. 

12. Warren CW, Sinha DN, Lee J, Lea V, Jones N, Asma S. Tobacco use, 
exposure to secondhand smoke, and cessation counseling training of 
dental students around the world. J Dent Educ. 2011;75(3):385–405. 

13. LEGE nr.349 din 6 iunie 2002 pentru prevenirea și combaterea efectelor 
consumului produselor din tutun [Internet]. [cited 2019 Feb 19]. Available 
from: http://www.cdep.ro/pls/legis/legis_pck.htp_act_text?idt=36163

14. Tomar SL. Dentistry’s role in tobacco control. J Am Dent Assoc 1939. 
2001;132 Suppl:30S-35S. 

Germán-Salló Márta et al. / Acta Medica Marisiensis 2019;65(2):66-70



Statement of ethics

The journal observes and values the principles of ethics in scientific re-
search, as previously highlighted in the main document on the topic: 
“The code of ethics for scientific research of the Târgu Mureș University 
of Medicine, Pharmacy, Sciences and Technology” and according to all 
the documents enlisted as source of our code. We promote innovative 
research and original articles are thus prioritized. The editors adhere to 
the views and recommendations of the International Committee of Medi-
cal Journal Editors.

All forms of plagiarism will be exposed when and if evidenced. Therefore, 
we discourage ghost writing and guest authorship, including the situa-
tion when the author was unaware of being enlisted as co-author and as 
such, the cover letter is invalidated. 

The peer-review process is intended to be a complimentary supplemen-
tal investment of expertise and is highly valued when well accomplished. 

The best peer-reviewers will be acknowledged by the editors and we 
promise to drop out the peer-reviewers who repeatedly acted as if 
their task was burdensome or annoying, and came up with shallow 
reports. 

The journal encourages PhD students to publish their research. Reviews 
and “state of the art” articles will be hosted upon invitation. When judging 
the quality of the research, double standards are not an option. 

Our retraction policy is intended to the articles inadvertently published, 
due to an unfair submittance, by this defining any form issue that tres-
passes our statement of ethics. 

Errata will be inserted as soon as an error is detected, either spontane-
ously or by authorized notice.



Instructions for authors

All submitted manuscripts must be written in English. All authors should sign a 
Licence to publish, according to the model available here. This license to publish 
signed by all authors should be uploaded together with the manuscript on the 
editorial manager platform at the time of submission.
The corresponding author must complete and sign a Cover Letter, on behalf of 
all authors. This must contain the title of article, the name(s) of all author(s). The 
Cover Letter should attest that:
1. The manuscript is not submitted for publication elsewhere; in this case 

the cover letter must include the topic: “this paper has not been published 
previously” or “the results presented in this paper have not been published 
previously in whole or in part, except in abstract form”;

2. The manuscript is an original work without fabrication, fraud, or plagiarism;
3. The author has read the complete manuscript and takes responsibility for 

the content of the manuscript;
4. Authors are required at the time of submission to disclose any potential 

conflict of interest (employment, consultancies, stock ownership, equity 
interests, and patent-licensing arrangements);

5. In the Cover letter must be included a description of each author’s contri-
bution. Authorship credit should be based on (a) substantial contributions 
to conception and design, acquisition of data, or analysis and interpre-
tation of data; (b) drafting the article or revising it critically for important 
intellectual content; and (c) final approval of the version to be published. 
Authors should meet conditions a, b, and c. (See Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in 
the Conduct and Reporting of Research: Authorship and Contributor ship).

Manuscripts that do not conform to the format guidelines will be returned to the 
authors for reformatting.
Manuscripts should respect all the requirements outlined below.
Acta Medica Marisiensis accepts for publication the following types of articles: 
original research, review, brief report, case presentation, case series, state of the 
art, letter to editor, editorial.

Font size and style, page layout and manuscript lenght. The text of the man-
uscript should be typed double spaced in 12 point font using 2 cm wide margins 
all around. Do not write with “Caps lock” on, not even for names and titles. For 
emphasys use only italics (no bold, no underline). All pages should be numbered 
consecutively. As a guide for manuscript length, there should be no more than 1 
figure or 1 table for every 500 words.

Copyright. If any tables, illustrations or photomicrographs have been published 
elsewhere, written consent for re-publication must be obtained by the author 
from the copyright holder and the author(s) of the original article.
The signed permissions must be submitted with the manuscript and be identified 
as to the relevant item in the manuscript (e.g., “permissions for Figure 1”).

Abbreviations. Except for units of measurement, abbreviations are strongly dis-
couraged. Don not use abbreviations unless absolutely necessary. In order to 
abbreviate – the first time an abbreviation appears, it should be preceded by the 
words for which it stands.

Manuscript style. Assemble manuscripts in the order listed:
1. Title page, without author information. Do not write with “caps lock” on!
2. Abstract and keywords
3. Introduction
4. Methods
5. Results
6. Discussion
7. Acknowledgements and funding page
8. References
9. Appendices
10. Tables (including titles)
11. Figures (including titles and legends)
The format may be altered for review articles and case reports, if necessary.

Title page. The title page should contain only the title of the article, without any 
information related to name of authors, their affiliation or the address for cor-
respondence. These information will be uploaded directly on editorial manager 

platform and their appearance in the text of the manuscript should be avoided, in 
order to ensure a blinded review process.
Use titles that stimulate interest, are easy to read and concise and contain 
enough information to convey the essence of the article. Title must not contain 
abbreviations. Do not write with „caps lock” on. Do not use symbols, special 
characters, or math formulas.

Abstract. Include no more than 250 words with the following headings: Objec-
tive, Methods, Results, and Conclusions. Insert a hard return (press the Enter 
key) before each heading. References should not be cited in the Abstract. Do 
not use acronyms or abbreviations. Do not use symbols, special characters, or 
math formula or spell them out (i.e.: alpha, beta, microns, etc.) or translate them 
(mean, chi square, etc.). Abstract should be written on a separate page following 
the title page.

Keywords: not more than 5, characterizing the scope of the paper, the principal 
materials, and main subject of work. Keywords must be written in small letters 
and separated by commas. Please use academically accepted keywords.

Manuscript text. Original research articles must include five main headings: In-
troduction, Methods, Results, Discussion, and Conclusion.

The presentation must be clear, concise and logically organized.
Introduction. Use very short introductions for presenting the context of the re-
search for readers. Always end the introduction section with a clear statement of 
the study’s objectives or hypotheses.
Methods. This section must describe the design of the study (selection/recruit-
ment of patients, the number of patients), the study procedures including any in-
terventions, measurements and data collection techniques and also the methods 
used for the statistical analysis.
For all manuscripts reporting data from studies involving human participants or 
animals, formal review and approval by an appropriate institutional review board 
or ethics committee is required and should be described in the Methods section. 
For those investigators who do not have formal ethics review committees, the 
principles outlined in the Declaration of Helsinki should be followed. For investi-
gations of humans, state in the Methods section the manner in which informed 
consent was obtained from the study participants (i.e., oral or written). Editors 
may request that authors provide documentation of the formal review and rec-
ommendation from the institutional review board or ethics committee responsible 
for oversight of the study.
Results. In this section, the main characteristics of participants and your major 
findings must be presented.

Tables. Tables should not be embedded in the text of the article. Each table 
should have a brief descriptive title placed above the table. The approximate 
position of each table should be indicated in the manuscript (i.e.: Insert Table 
I). Tables must not duplicate material in text or figures. Cite each table in text in 
numerical order. Tables should be numbered consecutively with Roman numerals 
and must be cited exactly as “(Table I, Table II, etc)”. All explanatory information 
and abbreviations should be given in a footnote below the table. Tables should 
be submitted as editable text and not as images. Each table should be typed 
single-spaced on a separate page after the Reference section in the submitted 
manuscript.

Figures. Figures should not be embedded in the text of the article. Each figure 
should have a brief descriptive title placed below the figure. The approximate 
position of each figure should be indicated in the manuscript (i.e.: Insert Figure 1). 
Figures must be numbered as they appear in the text and numbered consecu-
tively with Arabic numerals (Figure 1, Figure 2, etc). Letters of permission from 
the copyright holder must accompany submission of borrowed material. Each 
figure should be presented on a separate page after the Reference section in the 
submitted manuscript. Figure legends should be typed single-spaced consecu-
tively on a separate page.
Photomicrographs should include stain and magnification data at the end of the 
legend for each part of the figure. A magnification bar should be added to each 
photomicrograph. If no scale marker appears in the figure, the original magnifica-
tion should be reported in the legend.
Figures are either black and white drawings, halftones (photographs), or com-



puter (laser) graphs or prints. Authors are responsible for the cost of printing color 
illustrations. Authors are also responsible for obtaining from the copyright holder 
permission to reproduce previously published figures. Where photographs of pa-
tients are included, consent to publish the photograph, signed by the patient 
must accompany the manuscript.
All figures should be submitted at a proper resolution as follows: monochrome 
images (images such as line graphs) will be submitted at a resolution of a mini-
mum 900 DPI; black/white or color images will be submitted at a resolution of 
300 DPI; combination halftones (images containing both pictures and text label-
ing) should be submitted at minimum of 600 DPI. Acceptable figure formats are 
JPEG and TIFF. Labels should be written using a font size appropriate for easy 
reading at a printed width of 87 mm for single-column fitting figures or 180 mm 
for 2-column fitting figures.
When submitting bar graphs, it should be taken into consideration that various 
patterns of black do not reproduce well.
All figures submitted for the review process must be in digital format, must be 
sent separately from the text file and must be named as Figure 1, Figure 2, etc.

Identification of Patients in Descriptions and Photographs. A signed statement 
of informed consent to publish (in print and online) patient descriptions and pho-
tographs should be obtained from all persons (parents or legal guardians for 
minors) who can be identified (including by the patients themselves) in such writ-
ten descriptions, photographs and should be submitted with the manuscript and 
indicated in the Acknowledgment section of the manuscript.
Names of Drugs, Devices, and Other Products. Use only generic names of 
drugs, devices, and other products, unless the specific trade name of a drug is 
essential to the discussion.

Reproduced Materials. When previously published figures or tables are used, 
the author must obtain written permission from the copyright holder (usually the 
publisher) to reproduce the material in print and online. An appropriate credit 
line should be included in the figure legend or table footnote, and full publication 
information should be cited in the reference list.
Discussion. Provide a brief synopsis of your major findings, with particular em-
phasis on how the findings add to the body of pertinent knowledge, discuss 
possible mechanisms and explanations for the findings, compare study results 
with relevant findings from other published work, and discuss the limitations of 
the present study.

Conclusions. Provide only conclusions of the study directly supported by the 
results, along with implications for clinical practice, avoiding speculation and 
over-generalization. 

References. Authors are responsible for the accuracy and completeness of their 
references and for correct text citation.
The references should be numbered in the text between square brackets in cita-
tion order, making sure each is quoted in sequence in the text. In-text reference 
numbers may be repeated but not omitted. References cited in a table or figure 
legend should also be numbered.
The references list should give the name and initials of surname of all authors 
unless there are more than six, when only the first three should be given followed 
by et al.  The authors’ names should be followed by the title of the article, the title 
of the Journal abbreviated according to the style of Index Medicus, the year of 
publication, the volume number and complete page numbers.
For books one should give the name and initials of surname of all authors, the title 
of the book, which should be followed by the place of publication, the publisher, 
the year and the relevant pages.
For book chapters one should provide the name and initials of surname of all 
authors of the chapter, the title of the chapter, which should be followed by the 
name of editors, the name of the book, the place of publication, the publisher, 
the year and the relevant pages.
The titles of the journals should be abbreviated according to the style used in In-
dex Medicus. Names of journals that are not cited should be entirely spelled out.
Avoid using abstracts as references. Avoid citing a “personal communication”.
The format for journal article, chapter, book, and publish-ahead-of-print journal 
article references is exactly as below:
For journals:
Hammermeister KE, Dodge HT – Evidence from a nonrandomized study that 
coronary surgery prolongs survival in patients with two-vessel coronary disease. 
Eur Heart J. 1979;59:1430-1435.
For book chapters:
Franz M – Monophasic action potential mapping, in Shenasa M, Borggrefe M, 

Breithardt G (eds): Cardiac Mapping. Futura Publishing Co.Inc. Mount Kisco, NY, 
1993, 2565-2583
Acknowledgments. The Acknowledgments section may acknowledge contribu-
tions from non-authors, list funding sources, and should include a statement of 
any conflicts of interest.
Acta Medica Marisiensis considers all authors to be responsible for the content 
of the entire paper.

Other types of articles
a. Reviews. Review articles should include a brief abstract of no more than 200 
words and the text should be limited to 5.000 words including references, tables 
and figures. Review articles can be submitted by invitation or unsolicited.

b. Case reports and case series. Case reports should be limited to presenta-
tion of a single particular and uncommon case, or uncommon presentation of a 
disease. Case series include description of a series of a maximum of 10 cases 
with common particularities. The abstract should be limited to 200 words, being 
divided into introduction, case presentation / presentation of case series and 
conclusions. The full manuscript should not exceed 2.000 words including refer-
ences, figures and tables, being divided into sections headed Introduction, Case 
presentation / presentation of case series, Discussions, Conclusions.

c. Brief reports. Brief reports refer to articles presenting a short communication 
related to an original preclinical or clinical study which is not a case presentation 
or a case series report. The abstract should be limited to 200 words and the full 
text (including references, tables and figures) to 3.000 words.

d. Letter to editor. A letter to the editor may refer to an article recently published 
by the journal, commenting on the article in a constructive professional manner 
the content of which, in the opinion of the author(s) would add the current status 
of knowledge in the field. The letters should be limited to 500 words, 5 references 
and 3 authors. No abstract is required.

e. Editorial. Editorials should be limited to 2000 words (including references) and 
should be related to an article published in the current number or to a specific 
topic that is current and of high interest to the readers.

f. State-of-the-art papers. The journal publishes state-of-the-art articles that aim 
to provide an update on the current status of areas of high interest. The principal 
aim of such articles is to offer the specialist and other practitioners a source of 
continuing education and forum for discussion. A state-of-the-art article should 
have a full text limited to 4.000 words, in addition to a 200 word unstructured 
abstract. Sections of the article should be divided using headings relevant to 
each particular case.

Manscript limits specifications

Article type
Manuscript 
word limit

Maximum 
number of 
references

Maximum num-
ber of figures 

and tables

Abstract 
(max 250 
words)

Review 5000 70 6 Yes

Original article 3500 40 6 Yes

Case report 2000 25 3 Yes

Letter to the 
Editor

1500 10 1 No

Publication fee. The publication fee for accepted article is 250 RON. The manu-
script will be sent to the publication system only after the corresponding author 
pays the publication fee. The payment should be made in the name of the cor-
responding author at the University of Medicine and Pharmacy of Tirgu Mures 
cash desk or by bank transfer to the following account:
RO29TREZ47620F331600XXXX, Trezoreria Tîrgu Mureș, for: Universitatea de 
Medicină, Farmacie, Științe și Tehnologie din Târgu-Mureș, CF 4322742, Str. Gh. 
Marinescu nr. 38, Mureș
Please mention “Article publication fee for Acta Medica Marisiensis” or “Taxa 
publicare articol Acta Medica Marisiensis”.

The corresponding author will receive one printed issue of Acta Medica Marisien-
sis and 10 reprints of the published article. Please send the scanned proof of 
payment to ammjournal@umfst.ro, with the subject “Publication fee”.

For any further information please contact the Journal’s editorial office at  
ammjournal@umftgm.ro




