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Objective. To analyze the inclusion of nanotechnology in the curricula of Integrated Master’s in
Pharmaceutical Sciences programs in Portugal.
Methods. Information regarding curricula (general notice and curricular unit description, objectives
and syllabus) from national institutions was collected from their official websites or requested by
e-mail, and analyzed for the occurrence of nanotechnology and related terms. A nanotechnology
inclusion in curriculum (NIC) index was developed and used to rank each institution.
Results. All institutions with available data (eight out of nine) offered nanotechnology in their cur-
ricula. Both basic and applied nanotechnology-related education were offered to students but mostly
from a theoretical perspective. The NIC index provided a standardized tool for comparing the in-
stitutions’ programs and highlighted differences according to the relative importance of the presence of
nanotechnology and related terms in curricula.
Conclusion. Portuguese institutions offering integrated master’s programs in pharmaceutical sciences
are including nanotechnology in their curricula. However, its implementation across all institutions
remains weak and requires further strengthening to meet the requirements of this emerging field in
health care practice.
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INTRODUCTION
The use of nanotechnology in pharmacy and medi-

cine has been opening new and exciting avenues for the
prevention, therapeutics and diagnostics of multiple dis-
eases.1,2 Contrary to what could be perceived as a novel
field with relatively limited practical value, many nano-
technology-based medical products are finding their
way into the market while others have been already
used in daily clinical practice for several decades, with
applications in drug delivery, vaccines, medical imag-
ing, diagnostics, medical devices or tissue engineering,
and regenerative medicine.3-8 Indeed, it is expected
that the approval of new nanotechnology-based medi-
cal products will grow exponentially over the next few
years.9,10Current and future pharmacists, alongside
doctors and other health care providers, are expected
to be acquainted with basic knowledge and key con-
cepts of nanotechnology, particularly those related
with medical applications, to face professional de-
mands and challenges.

Recommendations that undergraduate curricula lead-
ing to the Doctor of Pharmacy (PharmD) or equivalent
degrees should include nanotechnology as a relevant sub-
ject are not new and have been directly or implicitly en-
dorsed by worldwide education policy bodies such as the
American Association of Colleges of Pharmacy (AACP)
and the European Centre for the Development of Voca-
tional Training (CEDEFOP).11-13 Limited data indicate
that PharmD students are interested in nanotechnology
but lack knowledge about it.14,15 Curricula in undergradu-
ate pharmaceutical sciences education should be flexible
and dynamic to allow incorporating scientific advances as
these become increasingly important in health care. This
not only allows preparing professionals better for the job
market but also creates newcareer opportunities.16 Despite
the increasing recognition of nanotechnology as an impor-
tant topic in the pharmaceutical sciences, its inclusion in
undergraduate curricula is poorly documented at the inter-
national and national levels. Qualitative and quantitative
data are needed to better identify gaps and define strategies
that can help students and faculties fulfill the demands for
nanotechnology education.

The Portuguese system of higher education is well
established, specifically with undergraduate education
for candidates seeking to work as pharmacists. After
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finishing secondary/high school, students are required to
obtain an IntegratedMaster’s in Pharmaceutical Sciences
(IMPS) degree (Level 7 education program according to
the 2011 International Standard Classification of Educa-
tion17 and equivalent to PharmD in the U.S.), and to reg-
ister with the National Pharmacists Order (in Portuguese:
Ordem dos Farmacêuticos), prior to practice. Nine higher
education institutions are legally certified as able to con-
fer the IMPS degree, offering comparable programs that
comply with the Bologna Process18 and legal require-
ments from the European Union.19,20 The Portuguese set-
ting canbe regarded as a good standardof thepost-Bologna
Process era in European pharmacists’ education. Programs
have strong components in pharmaceutical, biomedical,
physicochemical and biological sciences. Compared with
theU.S. system, the degree confers both pharmacy practice
and pharmaceutical sciences skills. The major pillars of
pharmaceutical education curricula in Portugal have been
well characterized21 but no specific information is avail-
able to the extent towhich the subject of nanotechnology is
being addressed at the undergraduate level. Thus, the ob-
jective of this study was to quantitatively assess and pro-
vide a critical appraisal of nanotechnology inclusion in the
curricula of IMPS programs at Portuguese higher educa-
tion institutions.

METHODS
Curricula from IMPS programs (second cycle de-

gree) were obtained between December 2016 and Febru-
ary 2017 from the official webpages of public and private
higher education institutions in Portugal (Table 1). When
unavailable, information was requested by e-mail from
general administrative offices. The following institu-

tions are certified to confer the degree in pharmaceutical
sciences: University of Algarve (UA), University of
Beira Interior (UBI), University of Coimbra (UC), Uni-
versity of Lisbon (UL), University of Porto (UP), Insti-
tuto Universitário de Ciências da Saúde (IUCS),
Instituto Superior de Ciências da Saúde Egas Moniz
(ISCSEM), Fernando Pessoa University (FPU), and
Lusófona University of Humanities and Technologies
(LUHT).

References to nanotechnology or related terms in
curricula were sought manually and automatically, and
hits considered at different levels: the general notice of
the IMPS program; curricular unit (course) name; and
curricular unit description, objectives and syllabus. In
this last case, references were considered as topics (ie,
main theme or subject including further subheadings)
or subtopics. Search terms in Portuguese and English
associated with nanotechnology included those con-
taining the prefixes “nano” or “bionano,” “colloid,”
“dendrimer,” “fleximer,” “fullerene,” “liposome,”
“micelle,” “quantum dot” and “virosome.” These are
in line with criteria previously used in general and
health care-related search strategies for literature per-
taining to nanotechnology.22-24 Terms related with
techniques used for the characterization of nanomate-
rials (eg, electron microscopy, spectroscopy) or typical
properties of nanosystems (eg, zeta potential) were not
considered unless specifically discussed in the frame-
work of nanotechnology. Clear duplications of terms in
the same curricular unit were considered as a single hit
(eg, references for the same term in objectives and syl-
labus). Individual search hits were analyzed and terms
clearly recognized as non-related to nanotechnology

Table 1. Portuguese Higher Education Institutions Offering Certified Integrated Master’s Degree Programs in Pharmaceutical
Sciences, according to Direção-Geral do Ensino Superior (Portuguese Directorate-General for Higher Education).27,28

Type Institution Website
Registered

Studentsa N (%)

ECTS Credits

Mandatory CUs Optional CUs

Public University of Algarve (UA) www.fct.ualg.pt 178 (3.8) 288 12
University of Beira Interior (UBI) www.fcsaude.ubi.pt 279 (6.0) 288 12
University of Coimbra (UC) www.uc.pt/ffuc 931 (20.1) 297 3
University of Lisbon (UL) www.ff.ul.pt 1,240 (26.8) 288 12
University of Porto (UP) www.ff.up.pt 1,001 (21.6) 268 32

Private Fernando Pessoa University (FPU) http://fcs.ufp.pt 285 (6.1) 300 0
Instituto Superior de Ciências da
Saúde Egas Moniz (ISCSEM)

www.egasmoniz.com.pt 317 (6.8) 292 8

Instituto Universitário de Ciências
da Saúde (IUCS)

www.cespu.pt 191 (4.1) 300 0

Lusófona University of Humanities
and Technologies (LUHT)

www.ulusofona.pt/ects 213 (4.6) 290 10

Abbreviations: CUs 5 curricular units
aData from academic year of 2014-2015; values in parentheses indicate percentage of total
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(eg, “nano” prefix as sub-unit ofmeasurement, nanobacte-
rium) were disregarded.

Data collected from curricula analysis were further
used to calculate an index for assessing the nanotechnol-
ogy inclusion in curriculum (NIC) of each program. Ref-
erences to nanotechnology or related terms were weighted
differently according to the following equation:

NIC index5 a � +
n

i51

bi � ci � di � eið Þ ðEq:1Þ

where a is the highest level for which at least one hit for
nanotechnology or related termswas identified, b the type
of referencing (topic or subtopic) for each term at curric-
ular units, c the enforcement of the curricular unit in
which terms were referenced, d the number of European
Credit Transfer and Accumulation System (ECTS) credits
assigned to the curricular unit including nanotechnology or
related terms, e the type of classes in which the term
appeared in, and n the total number of hits for nanotech-
nology or related terms. Values for each factor considered
in the calculation of the NIC index and their rationale are
presented in Table 2.25,26

Statistical analysis was performed using Student’s
t-test, namely for comparing mean hit and NIC index
values for public and private institutions using GraphPad
Prism 5.03 software (La Jolla, CA). Data were presented
as mean (standard deviation) and values of p,.05 were
accepted as denoting significance.

RESULTS
Basic information, such as general notice and overall

structure, on IMPS programs, was available from the
websites of all nine higher education institutions. Curric-
ula encompassed mandatory and/or optional curricular
units distributed throughout 10 semesters for a total of
300 ECTS credits. Completion of the first three years
(180 ECTS credits) grants students a first cycle degree
in Basic Studies of Pharmaceutical Sciences. Except for
FPU and IUCS, the other institutions included optional
courses in their curricula that can contribute from three to
32 ECTS credits (Table 1). The three largest and oldest
institutions in Portugal, namelyUC,ULandUP, accounted
for over two-thirds of all registered students (3,172 out of
4,635) of IMPS programs according to the last available
numbers (2014-2015 academic year).27,28 Detailed cur-
riculawere available online from seven institutions (UA,
UBI, UC, UL, UP, IUCS and LUHT). Such information
was solicited by e-mail from the two remaining institu-
tions but only FPU provided the complete curriculum.
Therefore, ISCSEM was excluded from the analysis at
level 3.

No references to terms associated with nanotechnol-
ogy were found at programs’ general notice (level 1) or
individual curricular unit designation (level 2) in all nine
institutions. However, nanotechnology or other related
terms were found 34 times (except for duplications)
across all curricula when considering specific curricular
unit description, objectives or syllabus. Eleven references

Table 2. Criteria and Values for Different Options Used to Establish the NIC Index

Criteria Options Values Rationale

First referencing
level (a)

Program general notice 3 First referencing is considered of higher
relevance when occurring at a higher
level.

Curricular unit name 2
Curricular unit contents 1

Type of referencing
at curricular unit (b)

Topic 3 Topic represents higher importance and
more time assigned for teaching and
general discussion.

Subtopic 1

Enforcement of
curricular unit (c)

Mandatory 5 The number of students attending optional
curricular units is variable and
considerably less than mandatory ones;
20% of total students was set empirically
as attending any given optional
curricular unit.

Optional 1

ECTS credits
assigned to
curricular unit (d)

ECTS credits assigned to
curricular unit

ECTS credits ECTS credits are attributed based on total
workload of curricular unit; students
tend to value courses attributing more
ECTS credits.25

Type of classes (e) Laboratory 2 Practical work in the laboratory
complements theory learning and is
considered more effective than
classroom teaching alone.26

Lecture or similar 1
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were registered for courses in the first six semesters (cor-
responding to the first cycle degree). Total hits per insti-
tution varied between one for UAand 11 forUP (Figure 1).
Most terms were found as subtopics, although hits at the
topic level were also found at UA, UL, UP, FPU and
LUHT. Referencing to nanotechnology or related terms
at the curricula from UP and FPU were highlighted from
other institutions at the topic and subtopic levels, respec-
tively. No significant differences were seen for mean total
hits at both topic and subtopic levels when comparing pub-
lic and private institutions.

Apart from the total number of references, it is im-
portant to consider which specific terms were mentioned
in curricula. “Colloid” was the most frequent term among
all contents of curricular units, followed by “micelle” and
“nanoparticle,” both with six occurrences (Figure 2). The
terms “liposome,” “nanoemulsion,” “nanosystem/nanomet-
ric system” and “nanotechnology” were only mentioned
twice overall, while single hits were registered for “den-
drimer,” “fullerene,” “nanocrystal” and “nanostructured.”
Others such as “fleximer,” “fullerene,” “quantum dot” and
“virosome” were not included in any of the curricula.

Nanotechnology-related terms were mostly refer-
enced in curricular units of Pharmaceutical Technology
(including Galenic Pharmacy), although a single course
on New Therapeutic Systems from FPU contributed with
roughly one-quarter of all hits.Applied Physics also contrib-
uted considerably to the total number of hits (Figure 3).

These three courses accounted for nearly 85% of all refer-
ences to nanotechnology across curricula from the institu-
tions included in the analysis. Other curricular units also
encompassed discrete referencing to nanotechnology or re-
lated terms, namely Bioethics and Pharmaceutical Deontol-
ogy (IUCS), Drug Delivery (LUHT), Physical Chemistry
(LUHT) and Toxicology (UL). All hits considered in the
curricula were in mandatory curricular units, except for
one that was optional at UP. This included the preparation
and assessment of diameter of nanostructured lipid carriers
in laboratoryclassesof thePharmaceuticalBiotechnology&
Biomaterials course. Laboratory work encompassing the
preparation of nanosystems was also included in two man-
datory courses at FPU.

Results for the NIC index are shown in Figure 4.
Values are in line with those for total references per in-
stitution (Figure 1). However, the NIC index tended to
value programs of those institutions presenting higher
amounts of topic hits. FPU presented the highest score

Figure 1. Number of Nanotechnology-related Terms Found in
Curricula of Integrated Master’s in Pharmaceutical Sciences
Programs of Portuguese Higher Education Institutions, Either
as Topics or Subtopics.
UA5University of Algarve, UBI5University of Beira Inte-
rior, UC5University of Coimbra, UL5University of Lisbon,
UP5University of Porto, IUCS5Instituto Universitário de
Ciências da Saúde, FPU5Fernando Pessoa University,
LUHT5Lusófona University of Humanities and Technologies

Figure 2. Number of Occurrences for Specific Nanotechnology-
related Terms in Curricula of Integrated Master’s in Pharma-
ceutical Sciences Programs of Portuguese Higher Education
Institutions.

Figure 3. Number of Occurrences of Nanotechnology-related
Terms per Specific Curricular Units in Curricula of Integrated
Master’s in Pharmaceutical Sciences Programs of Portuguese
Higher Education Institutions.
a Includes Galenic Pharmacy
b Optional curricular unit
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(NIC index5490), followed byUP (NIC index5384) and
UL (NIC index5170). The remaining institutions pre-
sented similar scores, between 85 and 90, with the excep-
tion for UC that displayed the lowest value (NIC
index555). No significant differences were observed
for mean and standard deviation NIC indices of public
158 (133) and private 221 (233) institutions.

DISCUSSION
Nanotechnology products are streaming into the

global society at a fast pace and revolutionizing everyday
life in many ways.29 Health care is no exception as ad-
vances in pharmaceutical and biomedical nanotechnology
have already provided important tools for preventing, di-
agnosing and treating diseases. Information regarding
nanotechnology is abundant but not always readily avail-
able or easy to survey. Pharmacists are frequently required
to handle, manage or provide information about nanotech-
nology-based products in their daily activities even if, of-
ten, without proper or conscious acknowledgement.
Typical examples are products containing drug nanocrys-
tals (eg, Emend,Rapamune) or drug-loaded liposomes (eg,
AmBisome, Doxil), which are nanomedicines but are not
readily recognized or labeled as such. Education on nano-
technology and its application to health care are of increas-
ing importance because of market demand and the
potentially harmful implications of nanomedicines to pa-
tient care. Hence, there is a need for nanotechnology in-
clusion in pharmacy education for students pursuing
a PharmD or equivalent degree. However, extensive and

objective data on the actual implementation of nanotech-
nology in pharmacy education worldwide are missing.
Two studies on the status of pharmacy colleges in the
U.S. indicate that the prevalence of nanotechnology
courses at the undergraduate level is limited.30,31 For exam-
ple, no specificcoursesonnanotechnologyexisted in the106
curricula analyzed by Pathak and Koomer.30 Patel and col-
leagues showed that only four out of 127 PharmD curricula
included specific optional courses on nanotechnology.31

However, both studies indicated that many institutions have
already incorporated nanotechnology as a subject in curric-
ular units, particularly in those related with pharmaceutics
and drug delivery. These observations are in general agree-
ment with those described for Portuguese institutions.

This study addresses the status of nanotechnology
teaching in Portuguese higher education institutions that
are certified to confer the IMPS. The methodological ap-
proach comprised a qualitative and quantitative analysis
of references to nanotechnology from available curricular
documentation. Similar strategies have been shown to be
useful in the identification of specific contents or their gap
in academic curricula, namely of undergraduate phar-
macy programs and other higher education programs per-
taining to health care professions.32-37 Results from the
analysis of eight out of nine programs show that the topic
of nanotechnology is at least partially taught in Portu-
guese institutions. Although the individual curricular unit
description, objectives and syllabus offered at one private
institution could not be scrutinized, the curricula analyzed
in this study correspond to the contents provided to
roughly 93% of students taking the IMPS in Portugal.
The degree of inclusion of nanotechnology differed
among institutions. FPU and UP consistently presented
better scores for all evaluated parameters, while UA and
UC were at the last positions regarding total hits and NIC
index, respectively. While the number of references at
each of the eight institutions was relatively low, these
differences suggest the existence of considerable hetero-
geneity among the various curricula offered to pharmaceuti-
cal sciences students inPortugal.Noticeably, nanotechnology
and its application to pharmacy and medicine was nearly
absent fromoptional coursesoffered to students.This absence
is interesting considering that controversial courses lacking
basic scientific or clinical evidence, namely homeopathy,38

still encompass the role of optional curricular units at institu-
tions such as UP.

The distinct occurrence of specific terms among cur-
ricula may further provide interesting indications as to
different educational approaches to nanotechnology.
The most frequently referenced term, “colloid,” is often
associated with fundamental principles in nanotechnol-
ogy, which may indicate a strong teaching component

Figure 4. NIC Index Values for Curricula at Portuguese
Higher Education Institutions Conferring the Degree of Inte-
grated Master’s in Pharmaceutical Sciences.
UA5University of Algarve, UBI5University of Beira Inte-
rior, UC5University of Coimbra, UL5University of Lisbon,
UP5University of Porto, IUCS5Instituto Universitário de
Ciências da Saúde, FPU5Fernando Pessoa University,
LUHT5Lusófona University of Humanities and Technologies
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of basic knowledge in curricula. The hit count for addi-
tional nanotechnology-related terms was heterogeneous.
“Micelle” and “nanoparticle” accounted together for
roughly 35% of total hits but, compared to “colloid,”
the basic or applied nature of their utility is not always
easy to assess. One interesting observation was that of
only two occurrences for “liposome.” Liposomal systems
are among the most well-established drug nanocarriers in
clinical practice, including for the delivery of doxorubicin
and amphotericin B.39 The occurrence of a higher number
of hits for “liposome” is expected for curriculawith larger
focus on nanotechnology, which reinforces the idea that
a stronger inclusion of the subject is required.

Assessment of curricular units referencing nanotech-
nology complements the evaluation of basic or applied
nature of nanotechnology teaching. The larger prevalence
of nanotechnology-related terms at curricular units per-
taining to pharmaceutical technology, as also described
previously for pharmacy colleges in the U.S.,30,31 indi-
cates a focus on the application to the design of pharma-
ceutics. Moreover, one single curricular unit at FPU
termed New Therapeutic Systems was responsible for
a large number of hits because of its strong focus on
nanotechnology applications to drug delivery. Two other
observations should be highlighted. First, the nearly ab-
sent discussion in the context of pharmacology and toxi-
cology is an important gap. Nanotechnology has been
identified as a relevant topic responsible for introducing
new paradigms into the field of pharmacology.40,41 In the
case of toxicology, the concerns related to the possible
harmful effects of nanomaterials on living organisms and
the environment fully justify discussion of the subject.42

No references to nanotechnology were noted at any phar-
macology courses. The only reference in the context of
a toxicology curricular unit was observed at UL. Second,
the ethical challenges of nanotechnologywas approached
in the curriculum at IUCS, providing a different yet rele-
vant dimension to nanotechnology education.Whilemost
institutions offer the subject of ethical issues of general
pharmacy practice in their curricula, specific subjects,
particularly those in the cutting edge of the profession,
should also be discussed.

The NIC index was proposed to provide a standard-
ized evaluation of the relevance of nanotechnology in
curricula. The principle behind this index relates to the
actual or perceived different weight that individual hits of
nanotechnology-related terms may have depending on
type and place of occurrence. The NIC index intends to
abbreviate possible bias originated by the simple summa-
tion of hits, particularly when absolute numbers are rela-
tively low as in this study. Results for the NIC index of
curricula offered by Portuguese institutions in this study

are in general agreement with those for total hits of nano-
technology-related terms. Still, differences were observed,
mostly related to the higher valorization of terms occurring
as topics over subtopics. Favorable appraisal of programs
at UA andULwas apparent when the NIC indexwas used,
while the opposite happened for UC and IUCS.

This study has limitations. The absence of detailed
information from one institution slightly shortened the
analysis of the complete Portuguese panorama in pharma-
ceutical sciences education at the undergraduate level. As
for the eight remaining programs that were assessed, the
information for each curricular unit was not always com-
plete or was described briefly and in broad topics. Some
courses at UP also have restricted access to the complete
contents. These issues could have reduced the total num-
ber of hits pertaining to nanotechnology. One particularly
relevant case was that of theDrugDelivery curricular unit
at LUHT, which included several broad topics on drug
delivery systems. A book on nanotechnology and drug
delivery was included in the recommended bibliography
to students to assist in the discussion of nanotechnology at
this curricular unit. Still, no hits were accounted accord-
ing to the criteria proposed initially. Furthermore, curric-
ular units comprising the development of a free project are
available as mandatory or optional at several institutions
(UBI, UC, UL and UP). Although no specific notice ex-
ists, projects can potentially be developed in the field of
nanotechnology, even if only a minor fraction of students
would likely be engaged in such a subject.

Another limitation is associated with the discrete
time analysis of curricula. To the best of the author’s
knowledge, no similar study has ever been performed,
thus making it impossible to assess the evolution of nano-
technology education over a defined interval. Iteration of
this study in the future is suggested to provide such in-
formation. Regarding the proposed NIC index, criteria
and relative weight are not immune to criticism. For ex-
ample, items such as the involvement of faculty in re-
search activities pertaining to nanotechnology or the
specific time assigned to teaching nanotechnology-
related topics during classes could also have been con-
sidered to increase ranking reliability. Still, assessment of
such issues may not be easy to perform without conduct-
ing specific surveys. These last, however, may reduce the
objectivity of the analysis since results can be typically
influenced by individual prejudices or motivations of
interviewees.43

This studymayhelp in establishing the relevance and
integration of nanotechnology in curricula of IMPS pro-
grams in Portugal, and in creating a basis for future anal-
ysis and program changes. Beneficial actions to increase
the inclusion of nanotechnology in PharmDcurriculamay
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include the following: requiring basic topics of nanotech-
nology in relevant courses, particularly those in pharma-
ceutical technology, toxicology and pharmacology, for all
IMPS programs; creating new optional curricular units on
nanotechnology; promoting parallel activities such as
seminars, workshops and others on nanotechnology-
related topics; and including nanotechnology in the gen-
eral notice description of programs. This study may be
useful for people and institutions recruiting professionals
requiring a background on pharmaceutical and medical
nanotechnology, and in selecting graduate students en-
gaging in scientific projects in the field of nanotechnol-
ogy applied to health care. This work may also help start
the conversation around the current and future incorpora-
tion of nanotechnology as a relevant teaching subject in
pharmacy education. The Portuguese pharmaceutical ed-
ucation system is considered a model of the post-Bologna
Process era and could serve as a good case study for the
European region.21 Hopefully, this study sparks analo-
gous analysis and actions in other countries or regions
worldwide.

CONCLUSION
Nanotechnology is an increasingly relevant issue in

health care education and its delivery to prospective phar-
macists is recognized as a necessity. This study presents
the current status of nanotechnology inclusion in the cur-
ricula of Integrated Master’s in Pharmaceutical Sciences
in Portugal. Results showed that the occurrence of nano-
technology-related terms was generally mild and hetero-
geneous. Basic and applied nanotechnology education are
taught even though laboratorial training is nearly nonex-
istent. The newly proposed NIC index may provide an
interesting tool in assessing the inclusion of nanotechnol-
ogy in curricula that could also be adapted to other subjects
and curricular settings (eg, different curricula, graduate
education). Still, some issues require further investigation,
namely the evolution of the inclusion of nanotechnology in
pharmaceutical sciences programs over time and the rele-
vance of such analyses in future curricular changes.
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