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ABSTRACT 

Science teaching and practice is relevant in several curriculums. We aimed to introduce research 

methodology to first-year medical students. A research project was developed in Biochemistry II 
curricular unit, applying conventional laboratory techniques and establishing correlations with 

concepts developed in theoretical and practical classes from Biochemistry I and/or Biochemistry II. 

An anonymous questionnaire provided the feedback from students participation in this project (190 
out of 278 students responded). The research project and scientific poster designing, writing and 

oral presentation were found interesting, contributed to create motivation for basic laboratory 

scientific research and allowed development/improvement of scientific thinking, communication 
skills and technical and scientific language. Experimental data analysis and discussion done by 

students as well as an increase in team work capacity had a good impact. The investigation project 

allowed the application of theoretical knowledge into practical activities and was recommended to 
be maintained in future years (as opposed to conventional laboratory classes). Science teaching and 

practice should be considered in the first year of the medical curriculum. 

 

© 2013 GESDAV 

 

INTRODUCTION 

In the Faculty of Medicine of the University of Porto 

(FMUP), teaching of Biochemistry to medical students 

takes place in two curricular units, occurring 

sequentially in the two semesters of the first year 

(Biochemistry I and II, respectively). In the curricular 

unit of Biochemistry II, in the school year 2010/2011, 

an innovative laboratory investigation project was 

developed with the purpose of introducing research 

methodology, scientific thinking, scientific writing and 

oral and poster presentation of the results as well as 

critical appraisal to these first-year students of 

Medicine, while applying conventional laboratory 

techniques: an enzymatic activity assay - the alkaline 

 

phosphatase (ALP) activity assay [1,2], a lipid 

oxidative stress marker assay - the thiobarbituric acid 

reactive substances (TBARS) assay [3, 4], and a protein 

quantification assay - the Bradford method [5]. The 

project was also used to establish correlations with 

biochemistry concepts developed in Biochemistry I 

and/or Biochemistry II theoretical and practical classes, 

but without adopting a true problem-based learning 

approach. 

The aim of the project was to investigate/characterize 

some in vitro effects of caffeine, based on some 

previous knowledge concerning this substance [6-9]. 
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METHODS 

The laboratory research practice involved all the 

students enrolled in Biochemistry II (a total of 278 

students, divided into 22 classes) for 11 weeks (2.5h 

per week). The research project proposed to the 

students was entitled “In vitro effects of caffeine upon 

ALP activity and lipid peroxidation in rat liver 

homogenates”. The overall aim of this project was to 

investigate some specific in vitro properties of caffeine, 

a methylxanthine present in several beverages of 

human consumption, relating to theoretical knowledge 

learned in Biochemistry I and/or II (fat digestion and 

absorption, lipogenesis and fatty acid esterification, 

lipoprotein metabolism, redox status, oxidative stress 

and antioxidants). 

The first specific aim of the project related to the fact 

that caffeine is known to possess an anti-obesity effect 

[10] and that, besides other mechanisms (eg. appetite 

suppression and thermogenesis increase), inhibition of 

fat intestinal absorption might be involved in this 

metabolic effect of caffeine [6]. Because intestinal ALP 

limits the intestinal absorption of fat [11] and intestinal 

ALP increases in the liver after fat feeding [12], one 

specific aim of this project was to investigate if 

caffeine affects ALP activity in the liver, in vitro. 

The second specific aim of the project related to the 

fact that caffeine possesses antioxidant properties in 

vivo [7-9]. Oxidative stress, which is caused by an 

imbalance between the production of free radicals 

and/or reactive oxygen or nitrogen species versus the 

ability of biological systems to detoxify the various 

forms of activated species, causes damage to nucleic 

acid bases, carbohydrates, lipids and proteins, which 

can severely compromise cellular functions, ultimately 

leading to cell death. Accordingly, oxidative stress is 

associated with numerous human conditions, from 

atherosclerosis to neural degenerative diseases, 

inflammation, cancer and ageing [13]. The other 

specific aim of the project, therefore, was to investigate 

whether caffeine possesses antioxidant properties, in 

vitro. 

In the 1
st 

week, a complete explanation of the research 

project was provided: the theoretical background was 

described, the aims of the investigation were discussed, 

the 3 above mentioned techniques were explained and 

some bibliographic references were given. 

Spectrophotometry, in what regards absorvance, 

transmittance and calibration curve concepts as well as 

the Beer-Lambert-Bouguer law, was explained [14]. 

The students were introduced to the online search of 

scientific information [by the use of search engines for 

scientific information such as PubMed, ISI Web of 

Knowledge and the online library of the Faculty of 

Medicine of the University of Porto 

 

(http://biblioteca.med.up.pt/)] and to the significance of 

scientific articles (by taking into consideration the 

journal impact factor and the number of times a given 

article is cited). 

In the 2
nd 

week, the calibration curves for p-nitrophenol 

(for the ALP activity assay, since p-

nitrophenylphosphate was used as the ALP substrate 

[1,2]), malondialdehyde (for the TBARS assay [3,4]) 

and albumin (for the protein quantification assay [5]) 

were determined. In each class, the students were 

divided into small groups (3-4 students per group) and 

every group determined each one of the calibration 

curves. These calibration curves were later used in the 

calculations. 

From the 3
rd

 to the 6
th

 week, the students, still divided 

in groups, performed, under their teacher supervision, 

the experimental protocols concerning determination of 

ALP activity, lipid peroxidation levels and protein 

content in rat liver homogenates. In the ALP assay, 

caffeine (0.1 and 1 mM) was tested alone or in 

combination with levamisol [0.5 mM, a specific 

inhibitor of one of the two ALP isoenzymes expressed 

in the liver (tissue-non-specific and intestinal ALPs), 

namely the tissue non-specific ALP, allowing an 

estimate of the effect of caffeine upon tissue-non-

specific and intestinal ALP activities]. The 

characterization of the caffeine antioxidant effect was 

evaluated by testing the effect of caffeine alone (0.1 

and 1 mM) or in combination with tert-

butylhydroperoxide (2 mM, an oxidative stress inducer 

that was also tested alone), upon lipid peroxidation 

levels, by using the TBARS assay. Since different liver 

homogenates were used in these two assays, protein 

content was evaluated in each homogenate with the 

Bradford method [5]. During these 4 classes (2 classes 

were assigned for each of the techniques, ALP and 

TBARS assays, with protein levels of the homogenates 

being quantified in each class), the students were able 

to discuss and/or apply with their group members, as 

well as with their teacher: a) the spectrophotometry 

concepts acquired in Biochemistry II (in the first 

laboratory class); b) the enzyme kinetic concepts 

acquired in Biochemistry I theoretical and practical 

classes; and c) the articles found by themselves in the 

online search, to be used for the discussion of the 

results. Moreover, the students were able to establish 

correlation between: a) the theoretical background of 

the project and some metabolic pathways learned in 

Biochemistry I and II theoretical classes, and b) the 

relevance, in a first glimpse, of the results being 

obtained and the cellular redox status, oxidative stress 

and antioxidants themes learned in Biochemistry II 

theoretical classes. 
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In the 7
th

 and 8
th

 weeks, calculations were made, in 

order to express the results as nmol p-

nitrophenol/min/mg protein (ALP activity) and as nmol 

malondialdehyde/mg protein (lipid peroxidation 

levels). The students, under their teacher supervision, 

analyzed the results using the appropriate statistical 

methods (Student’s t-test, one-way ANOVA and/or 

nonparametric tests) and constructed the corresponding 

graphs [since these specific statistical competencies 

were acquired by the students during the 1
st
 year 

curricular units of Introduction to Medicine I (first 

semester) and Introduction to Medicine II (second 

semester)]. 

In the 9
th

 and 10
th

 weeks, every group of students, 

which were given the task of preparing a poster 

concerning this investigation project, worked on it. An 

analysis and discussion of all the differences found (or 

not) was made, including, if necessary, further 

bibliographical research to support/explain the results 

obtained. Moreover, the poster was prepared 

exclusively by the students (including poster structure 

and organization, selection of results and the 

corresponding discussion and conclusions) – but the 

teacher could be called to solve any problem or to 

clarify any doubt. The students’ involvement and 

enthusiasm in elaborating the poster were evident and 

strong since the contact time between students and their 

respective teacher, for this task, clearly exceeded the 5h 

period of the two practical classes. 

In the 11
th

 week, every group of students presented 

their poster orally to their colleagues and teacher. In 

every class, each poster was discussed and the best 

poster was selected by the students and the teacher. 

This selection involved a very lively discussion among 

students and between students and their teacher. 

Thereafter, the 22 best posters were exhibited in the 

Biochemistry Department and evaluated by an 

independent jury composed by investigators and PhD 

students of the Department. This poster exhibition 

could be seen by all the Faculty personnel for 2 weeks. 

The best of the 22 posters was selected and the result of 

this evaluation was published in the FMUP web page 

(http://bioquimica.med.up.pt/ensino/index.html). The 

group of winning students was given a book written by 

one the Department investigators. 

Additionally, the overall individual performance of 

each student was evaluated throughout this process and 

the classification obtained contributed to 10% of the 

final classification of the curricular unit. 

In the last week of Biochemistry II, a questionnaire, 

including both specific questions (Table 1) and space 

for free text comments, was distributed to all the 

students in order to get feedback from the participation 

in the research project. This questionnaire was 

anonymous. 

RESULTS  

The results of the questionnaire are presented in Table 

1, in a scale from 1 to 5, corresponding to an increasing 

agreement/relevance. The questionnaire was filled in 

by a representative sample (68.3%) of the overall 

population of the students enrolled in Biochemistry II. 

No written comments were obtained in the free space 

of the questionnaire. 

DISCUSSION  

Laboratory investigation projects, where the students 

“act as scientists”, have been introduced in the two 

Biochemistry curricular units (Biochemistry I and II), 

in the Department of Biochemistry of FMUP, more 

than ten years ago [2,15-18]. All the research projects 

developed so far aimed to verify a new hypothesis, 

regarding a subject that both students and teachers were 

interested in (what creates a common discovery process 

and facilitates the improvement of the student-teacher 

relationship) [15,19]. 

Here, we show that our first-year medical students 

found the 2010/2011 research project interesting 

(3.500.07; score 4 was chosen by 45% of the 

students). Similarly, they found that a) its main 

outcome in terms of student evaluation and recognition 

of achievement (the preparation and presentation of a 

scientific poster) was an interesting exercise 

(3.730.08; scores 3, 4 and 5 were chosen by 25, 38 

and 26% of the students, respectively), and b) the 

research project contributed to create motivation for 

basic/laboratory scientific research (3.460.08; score 4 

was chosen by 41% of the students). Students have 

willing and enthusiastic spirits and are highly 

motivated to learn, which makes them vital participants 

in research projects and, at the same time and most 

importantly, active players in a discovery process that 

is relevant for them, thus positively modulating their 

cognitive centers [15,20]. 

Incorporation of a medical school research project in 

the fourth year of the medical curriculum increases 

research skills, is a useful replacement for traditional 

clinical elective rotations and impacts favorably on 

future medical careers [19]. Similarly, it has been 

reported that attendance in a course on research 

methodology by second year medical students is related 

to a positive, but short-term, effect on students’ interest 

and attitudes toward science and scientific method and 

research in Medicine [21,22]. According to the authors 

of that study, maintenance of the positive effect could 

be achieved by the vertical integration of scientific 

research in the medical curriculum, which should have 

http://bioquimica.med.up.pt/ensino/index.html
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Table 1. Results of the students’ evaluation of their participation in the laboratory research project (curricular unit of Biochemistry II), 
during the second semester of the school year 2010/2011. The questionnaire consisted of a series of questions classified from 1 to 
5, corresponding to an increasing agreement/relevance. 

Question Score Mean SEM n 

 1 2 3 4 5    

1. The laboratory investigation project allowed the 
appliance of theoretical knowledge into practical 
activities 

1.1% 10.6% 29.1% 44.4% 14.8% 3.614 0.066 189 

2. The laboratory investigation project allowed the 
analysis and the discussion of the experimental data 

0.5% 1.1% 13.2% 53.2% 32.1% 4.153 0.052 190 

3. The laboratory investigation project allowed the 
development or the improvement of scientific 
thinking, technical and scientific language and 
communication skills 

0.5% 6.9% 22.2% 46.6% 23.8% 3.862 0.064 189 

4.   The laboratory investigation project was interesting 4.8% 8.5% 30.3% 44.7% 11.7% 3.500 0.071 188 

5.  The laboratory investigation project contributed to 
create motivation for basic/laboratory scientific 
research 

4.7% 12.1% 29.0% 40.5% 13.7% 3.463 0.075 190 

6. The laboratory investigation project contributed to 
increase team work capacity 

1.6% 7.4% 18.0% 48.7% 24.9% 3.874 0.067 190 

7. The preparation and presentation of a scientific 
poster was an interesting exercise 

4.8% 6.4% 25.0% 38.3% 25.5% 3.734 0.077 188 

8. I would rather prefer the conventional laboratory 
classes where a specific technique/assay is 
presented 

35.8% 33.2% 19.0% 5.8% 6.3% 2.137 0.084 190 

9. The laboratory investigation project should be 
maintained in future years 

4.2% 6.3% 16.9% 37.6% 34.9% 3.926 0.078 189 

SEM=standard error of the mean. 

an early start in the medical curriculum [22]. 

Importantly, increasing and/or improving positive 

attitudes toward scientific research among medical 

students may contribute to the development of critical 

thinking abilities and critical appraisal skills needed for 

learning and practicing evidence-based medicine 

[19,21-23]. 

Journal clubs and scientific writing are excellent tools 

for teaching critical appraisal skills [24-28] – and this 

was began with our students in the first semester, in 

Biochemistry I. Writing and publishing determines 

successful medical career development, creating 

reputation by disseminating expertise and 

accomplishments [28]. On two distinct occasions, two 

previous research project results have been orally 

presented in scientific meetings by our students 

[29,30]. 

In line with this, our students revealed that the 

investigation project allowed the development or the 

improvement of scientific thinking, technical and 

scientific language and communication skills 

(3.860.06; score 4 was chosen by 47% of the 

students), where a) the analysis and the discussion of 

the experimental data done by the students, either alone 

or in collaboration and/or under the supervision of the 

teacher (4.15 0.05; score 4 was chosen by 53% of the 

 

students), b) the designing, writing and oral 

presentation of the poster, and c) the increase of team 

work capacity (3.870.07; score 4 was chosen by 49% 

of the students) had a strong impact. The bibliographic 

search, and its reading and discussion, were also 

important factors in the above results. Communication 

skills are important to clinicians [31] and scientific 

writing has been reported inseparable from literature-

based learning [32], its practice being important in the 

medical curriculum [33,34]. 

Engaging students in scientific discovery and 

methodology improves learning and knowledge 

retention [35], and our results showed that students 

considered that the laboratory investigation project 

allowed the application of theoretical knowledge into 

practical activities (3.610.07; score 4 was chosen by 

44% of the students) and should be maintained in 

future years (3.930.08; scores 4 and 5 were chosen by 

38 and 35% of the students, respectively) [in opposition 

to the conventional laboratorial classes (2.140.08; 

scores 1 and 2 were chosen by 36 and 33% of the 

students, respectively)]. Of note, the students attended  

some conventional laboratory classes in the previous 

semester, in the curricular unit of Biochemistry I (e.g. 

demonstration of the in vitro activity of succinate 

dehydrogenase) and so a direct comparison between the 

two teaching methodologies could be made. 
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In conclusion, it is well known that teaching should be 

approached with the same rigor as science at its best 

[35] and here we showed that science teaching should 

be considered in the first year of the medical 

curriculum. 

Declaration: The authors declare that they have no 

conflict of interest.  
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