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1. Abstract 
This past summer was one of the most different summers we have ever had. Our friends went to 
Spain, USA, France, and came home with very relaxed, with a solid tan and hair full of salt water. 
We, however, came back to school not as well-rested as most of our classmates, and with much 
paler skin. On the other hand, we returned with brains filled to the brim with new, detailed 
knowledge about the human physiology. 
  
This summer, we participated in Karolinska Institute's Summer Research School in Stockholm. 
For seven weeks, we worked full-time in a laboratory at Stockholm South Hospital, beside a PhD 
student from India. After many, many hours of reading heavy books from the University Library, 
thinking and writing, we finally had our own reports describing our experiments, the use of 
them, and the background information to them. 
  
We carried out a project dealing with type 2 diabetes - a common disease in the entire world, 
which, despite good pharmacological tools, lacks a perfect cure. Type 2 diabetes appears for two 
reasons; 1) the pancreas does not secrete enough of the glucose-lowering hormone called 
insulin, and 2) because the cells of the body are insensitive to the effects of insulin. If not treated, 
the blood-glucose levels will continually rise until they trigger dangerous reactions in the body. 
Therefore, diabetes is a heavily researched subject within science, but still the secret is not 
completely unraveled. Finding more efficient treatments, and a cure, is something we want to 
contribute to. 
 
Insulin is made in the pancreas's β-cells. The production of insulin depends on complex 
processes taking place in these cells, and one such process is the Ca2+ signaling. Through a 
number of steps, Ca2+ signals in β-cells contribute to the production of insulin. The drug family of 
sulfonylureas helps producing insulin, by increasing the Ca2+ signaling. In our study, we 
compared three different such drugs, from two different sub-families, to see if there is any 
difference in the Ca2+-raising effect. We investigated the difference between the substances using 
Single Cell Ratiometric Fluorescence Microscopy, and found that there is a difference within one 
sub-family of sulfonylureas, but also between the two different sub-families; they raise the Ca2+ 
levels inside the β-cells in different amounts. Thereby, we now know there is a difference 
between the different drugs, which provides the base for further studies on this area; are the 
different substances operating through different mechanisms, other than the common one? With 
further studies on this, more efficient diabetes drugs may someday be developed thanks to a 
deeper understanding on this very topic. 
 

 

 

 

 

 

 

 

 

Therese de Neergaard      Olivia Brodin 

      11 mars 2013      11 mars 2013 
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2. Background 
2.1. The Islets of Langerhans & Diabetes 
All vertebrates feature the glandular organ of the pancreas. In humans, it is located just beneath 
the stomach in the abdomen, joined to both the stomach and the duodenum. The pancreas 
contains two sorts of glands, which gives it two different functions. First, it contains exocrine 
glands, which secretes pancreatic juice into the stomach in order to provide digestive enzymes 
and to balance the pH of the gastric juice1. Second, it contains endocrine glands, which are 
spread out throughout the pancreas. These are called the Islets of Langerhans2. 
 

          
Fig. 1: The position of the pancreas in the body3                 Fig. 2: The position of the Islets of Langerhans in                                
                                                                                                             the pancreas4 

 
The islets of Langerhans contain at least four types of secretory cells: α-cells, β-cells, δ-cells and 
PP-cells. These cells secrete substances which are all important for keeping the blood glucose 
levels healthy (glucose homeostasis). If the blood glucose is too low (hypoglycemia), one suffers 
from e.g. weakness and nausea, and if the blood glucose is too high (hyperglycemia), one suffers 
from e.g. weight loss and dehydration. Long term hyperglycemia has lethal consequences as 
acids assemble in the blood (ketoacidosis)5. 
  
The β-cells of the pancreas produce insulin, which is a hormone that transports the glucose into 
cells. When one is having a meal, the blood glucose levels rise. The β-cells sense this and respond 
by secreting insulin6. The insulin carries the glucose into the cells, where it is stored or 
consumed through cell respiration, and as a result, the blood glucose level falls to a healthy 
"baseline" state. Thereby, hyperglycemia is prevented7. 
 
In some people, insulin secretion in pancreatic β-cells does not work as it should. This means not 
enough insulin is secreted and blood glucose levels remain too high, which causes 
hyperglycemia. This condition is called diabetes mellitus and is the most common serious 
metabolic disease in human beings, with 171 million people in the world suffering from it8. The 
two most common types are type 1 diabetes, which normally appears in children, and type 2 
diabetes which typically appears in adults. 
  

                                                           
1
 http://pancreas.org/pancreas/ 

2
 W.F. Boron, E.L. Boulpaep, Medical Physiology – Second Edition, 2012 Elsevier Saunders, p. 1074 

3
 Picture from http://www.nccn.org/patients/patient_guidelines/pancreatic/files/assets/basic-html/page6.html 

4
 Picture from http://www.pre-diabetes.com/download/medical/adam-pancrease.jpg 

5
 W.F. Boron, E.L. Boulpaep, Medical Physiology – Second Edition, 2012 Elsevier Saunders, p. 1074, 1076, 1092 

6
 W.F. Boron, E.L. Boulpaep, Medical Physiology – Second Edition, 2012 Elsevier Saunders, p. 1075-1076 

7
 http://www.cpmc.org/learning/documents/diabetes-intro.html 

8
 http://www.who.int/diabetes/facts/world_figures/en/index.html 
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Fig. 3: The estimated prevalence of diabetes in 2007, countries colored depending on percentage of 

population suffering from diabetes9 

 
In type 1 diabetes, the immune system destroys the pancreatic β-cells. As β-cells are completely 
absent, no insulin is produced. Therefore, the blood glucose levels become too high, without 
being brought back to the baseline. To prevent ketoacidosis, the patient must inject insulin 
several times a day. 
In type 2 diabetes, the patient produces insulin. Though, despite insulin being present, the cells 
do not sense it and will not accept the glucose carried by insulin. In type 2, there is also a 
lowered secretion of insulin as β-cells do not sense the elevated blood glucose as well10. Type 2 
diabetics are usually treated with substances that stimulate insulin secretion, and those are the 
substances that we examined in this study. 
 
  

                                                           
9
 http://news.bbc.co.uk/2/hi/health/7151813.stm 

10
 W.F. Boron, E.L. Boulpaep, Medical Physiology – Second Edition, 2012 Elsevier Saunders p. 1092 
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2.2. Cellular Signaling in General 
If cells in an organism are going to work as a unit, they need to coordinate their functions and 
activities; they need to communicate with each other. As research has proceeded, we have learnt 
more and more about how this works, and we now know that all cells can receive, process and 
serve out information. They are able to do this thanks to signaling between each other, in the 
form of different chemical messengers (e.g. ions, odorants and other chemical substances), and 
thereby create a response either inside or outside the cell in question. 
 
Cells do not only send signals to neighboring or distant cells, but also inside the same cell that 
released the signal. This is the type of signal we focus on in this project. The signaling ion we 
have been working with is the calcium ion, Ca2+, which belongs in the signal substance group of 
other small molecules11. 
 

                      
         Fig. 4: Signals being sent between cells12.         Fig. 5: Signals being sent inside one cell13. 

 
 
2.3. Calcium Ion Signaling 
Ca2+ is one of nature's favorite signaling ions. It controls cellular processes from start to end in 
the life of organisms: fertilization, cell division, gene expression, exocytosis, nerve synapses and 
cell death. Why is it so useful? The reason may be because Ca2+ has a very well-perceived ability 
to bind to many different proteins. In Ca2+-signaling, many molecular components participate, 
which makes it possible for every cell type to develop a network of Ca2+-signaling specifically 
adapted to the cell type's needs. In this study, we examine the Ca2+-signaling working in 
pancreatic β-cells, where it is critical for insulin secretion. 
 
Inside cells, the cytosolic Ca2+-levels - [Ca2+]i - are normally low. During Ca2+-signaling, [Ca2+]i 
increases but returns to the normal level quickly to avoid toxicity. These signals often show as 
waves moving throughout the cell, or as sparks at single places. There are multiple Ca2+ sensors, 
e.g. enzymes, which interpret these signals. Factors participating in this process include e.g. Ca2+-
channels, Ca2+-messengers and other small molecules. As a result, the Ca2+-signaling in β-cells 
ultimately triggers insulin secretion14. 
 
  

                                                           
11

 W.F. Boron, E.L. Boulpaep, Medical Physiology – Second Edition, 2012 Elsevier Saunders p. 48 
12 Picture from http://evolucionismo.org/profiles/blogs/e-a-evolucao-genetica 
13

 Picture from http://csirnetjrfguide.blogspot.se/2012/12/cell-communication-and-cell-signaling.html 
14

 Amanda Jabin Gustafsson, MD Shahidul Islam, Cellens Kalciumjonsignalering – från Grundforskning till Patientnytta, 
Läkartidningen nr 44 2005, vol. 102 
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2.4. How does Calcium Ion Signaling Trigger Insulin Secretion? 
So, how does Ca2+-signaling trigger insulin secretion? It is a complex domino reaction, in which 
not all steps are known in detail. Before we go into the steps, we will explain which ion channels 
are involved. 
Ca2+ entry into cells is regulated by various channels and receptors present on the cell plasma 
membrane. One important example is the family of voltage-gated channels, which open and 
close in response to changes in electric potential across the membrane. For insulin secretion, the 
voltage-gated Ca2+ channels (VGCCs) make up a key role15. 
Another important channel in the insulin production is the ATP-sensitive potassium channel 
(KATP) channel. In β-cells, their closure allows depolarization of the cell membrane16; therefore 
they are important for the function of VGCCs. They close in response to ATP, and the diabetic 
drug family of sulfonylureas. Impaired KATP channels are known to cause diabetes type 2, which 
proves the importance of this channel17. 
 
So, now when we know more about these two channels, it will be easier to understand their role 
in insulin secretion. Now we will explain a simplified process of how glucose triggers insulin 
production: 
 
1. Glucose enters the β-cell. 
2. Glucose causes glycolysis inside the cell, 
which raises the levels of ATP. 
3. The raised levels of ATP cause closure of KATP 
channels. 
4. The closure of KATP channels, as mentioned, 
causes the cell membrane to depolarize. 
5. The depolarization activates VGCCs, and Ca2+ 
flows into the cell. 
6. The raised levels of Ca2+ works as a Ca2+-
signal. 
7. The Ca2+-signal leads to production of insulin, 
which is released through exocytosis18. 
                                                                                                                              Fig. 6: Picture showing how Ca2+-  
                                                                                                                              signaling causes  insulin release. 

 
Now, we can see how Ca2+-signaling is important for insulin secretion. Therefore, an 
understanding of the exact mechanisms behind it increases the chances of finding an efficient 
treatment/cure for diabetes. We will later explain how the drug family of sulfonylureas triggers 
the same reaction (section 2.6). 
 
  
 
 
 
 
 
 
 
 
 

                                                           
15

 G.M. Cooper, R.E. Hausman, The Cell – A Molecular Approach Fourth Edition, 2007 Sinauer Associates, p. 543-550 
16

 L. Aguilar-Bryan, J.P. Clement IV, G. Gonzalez, K. Kunjilwar, A. Babenko, J. Bryan, Toward Understanding the Assembly 
and Structure of KATP Channels, Physiol. Rev. January 1998 Vol. 78 no. 1 227-245 
17

 G. Davies, P. Krippeit-Drews, M. Düfer, Electrophysiology of Islet Cells, 2010 Adv. Exp. Med. Biol. Vol. 654 p. 120-124 
18

 W.F. Boron, E.L. Boulpaep, Medical Physiology – Second Edition, 2012 Elsevier Saunders, p. 1079 

WORD BOX: 

 [Ca2+]i = the amount of Ca2+ inside the 

cell’s cytosol 

 Intracellular = inside the cell 

 Cell plasma membrane = Cell surface 

membrane 

 VGCC = Voltage-Gated Calcium Channel 

 Glycolysis = part of cellular respiration, 

which produces ATP. 
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2.5. Mechanisms of Ca2+ Increase 
The insulin-producing process explained just above is called glucose-stimulated insulin 
secretion (GSIS). This is one of the mechanisms the β-cell uses to increase [Ca2+]i to be able to 
carry out Ca2+-signaling. However, it has other ways too. 
 
The cytosolic concentration of Ca2+ is kept low (~0.1 μM) mainly thanks to Ca2+-pumps that 
transport Ca2+ across the membrane. But Ca2+ is also transported into the endoplasmic and the 
sarcoplasmic reticulum (ER resp. SR) where it is stored. This stored Ca2+ can then later be used 
for Ca2+-signaling. 
When Ca2+ flows into the cell's cytosol, this triggers release of the stored Ca2+ from ER/SR (Ca2+-
induced Ca2+-release - CICR). CICR thereby intensifies the Ca2+ signals dramatically19. 
 
Why is it important for us to know about CICR? CICR is a way for β-cells to increase their levels 
of Ca2+. In our experiments, we need to be sure that the expected raise of cytosolic Ca2+ levels are 
solely depending on the substances we are testing, and not because the cell itself increases its 
own Ca2+ concentration independently from the drugs. We will tell how we did that later on in 
this report. 
 

 
                                                  Fig. 7: the CICR process – the raised intracellular Ca2+ 
                                                  concentration triggers release of Ca2+ stored in ER/SR. 

 

2.6. Sulfonylureas – the Pharmacological Tool 
Now, we return to the sulfonylureas. The sulfonylureas are the substances we tested in this 
study. Previously, we talked about how KATP channels close, Ca2+ signaling is activated thanks to 
VGCCs, and how this finally leads to insulin secretion. Sulfonylureas are so-called KATP channel 
inhibitors, which mean that they basically make KATP channels close20. They do this through 
binding to a sulfonylurea receptor in the KATP channels21. Thereby, they cause Ca2+ signaling, and 
- insulin secretion. The family of sulfonylureas is clinically used as treatment for type 2 diabetes. 
  
There are different sorts of sulfonylureas. The first-generation sulfonylureas work well in 
lowering blood glucose, but they have a tricky by-effect: it also binds to proteins in the blood. 
The problem is, if a patient is on other medications which bind to the same blood proteins, and 
the sulfonylureas do not attach to them and the blood glucose levels might then get too low (as 

                                                           
19

 Amanda Jabin Gustafsson, MD Shahidul Islam, Cellens Kalciumjonsignalering – från Grundforskning till Patientnytta, 
Läkartidningen nr 44 2005, vol. 102 
20

 Walter F. Boron & Emile L. Boulpaep, Medical Physiology - Second Edition 2009 Saunders p.1081 
21

 G. Davies, P. Krippeit-Drews, M- Düfer, Electrophysiology of Islet Cells,  2010 Adv. Exp. Med. Biol. Vol. 654 p. 121 
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the sulfonylureas instead bind to more β-cells). Some 1st generation may, for this reason, cause 
long-term hypoglycemia. 
  
There are also the second-generation sulfonylureas. They, just like the 1st-generation ones, lower 
the blood glucose, but these do not bind to blood proteins22. Therefore, they can be taken in 
lower doses than first-generation sulfonylureas, with the same effect on blood glucose levels23. 
  
In our study, we compared tolbutamide (a 1st generation sulfonylurea), gliclazide and 
glibenclamide (2nd generation sulfonylureas). In our trials, there is no blood present, which gives 
us the opportunity to monitor their ability to rise Ca2+ signaling in β-cells without the impact of 
blood proteins. So, in the same concentration, do they work equally well? As one can see in the 
figures below, they do have quite different structures, and therefore possibly different-working 
binding sites. Or does one generation show but a higher efficiency? If it does; why? Are there 
other mechanisms, other than through the KATP channels, that they affect the β-cells? This would 
then give a good base for further studies on the same area, and maybe someday this will give a 
more efficient treatment for diabetes. 
  

              
Fig. 8: the chemical structure of tolbutamide24.                   Fig. 9: the chemical structure of glibenclamide. 

 
 

 
Fig. 10: the chemical structure of gliclazide

25
. 

In several studies, the effects of gliclazide and glibenclamide have been compared in type 2 
diabetics. The results have varied; in some studies, the effects have been similar, and in others, 
one of the substances have showed to be more efficient26,27,28. This indicates that patients 
perceive the different treatments in different ways. Currently, it seems that there is no way of 
knowing in advance which drug(s) likely will suit a specific patient better, and which will not. 
What is the reason for the differences in effect? Is there a specific characteristic, e.g. a genetic 
one, which appears in certain patients, but not in others, which makes the the β-cells respond 
differently to the drug? These are questions we have asking ourselves before, during and after 
our study. If we sometime can discover an answer to these questions, it could be possible to 
adapt the drugs depending on e.g. different physiological features in different patients. That way, 
we could know in advance which drug would suit a specific patient better, instead of having to 
try many before finding one that suits the patient. Being able to make drugs better suited to 
patients is an important field of research, as it gives the patient a more efficient treatment and 
increased chances of improved health. 

                                                           
22

 http://www.diabetesnet.com/about-diabetes/diabetes-medications/sulfonylureas 
23

 http://livertox.nih.gov/SecondGenerationSulfonylureas.htm  
24

 Picture from http://livertox.nih.gov/FirstGenerationSulfonylureas.htm  
25

 Pictures of glibenclamide and gliclazide from http://livertox.nih.gov/SecondGenerationSulfonylureas.htm  
26

 http://onlinelibrary.wiley.com/doi/10.1111/j.1464-5491.1994.tb00256.x/abstract  
27

 http://www.endocrine-abstracts.org/ea/0014/ea0014P53.htm  
28

 http://www.ncbi.nlm.nih.gov/pubmed/18821999  

http://www.diabetesnet.com/about-diabetes/diabetes-medications/sulfonylureas
http://livertox.nih.gov/SecondGenerationSulfonylureas.htm
http://livertox.nih.gov/FirstGenerationSulfonylureas.htm
http://livertox.nih.gov/SecondGenerationSulfonylureas.htm
http://onlinelibrary.wiley.com/doi/10.1111/j.1464-5491.1994.tb00256.x/abstract
http://www.endocrine-abstracts.org/ea/0014/ea0014P53.htm
http://www.ncbi.nlm.nih.gov/pubmed/18821999
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3. Aims of this Project: 

 To understand the scientific thinking and process 

 To learn how to work independently in a laboratory 

 To gain knowledge about how to write a scientific paper/manuscript 

 To be able to think and work independently within the field of biomedicine 

 To increase our knowledge about type 2 diabetes 

 To study the effect of different sulfonylurea drugs on Ca2+-signaling in pancreatic β-cells 

 

4. Planning the Project 
4.1. How to fulfill the aims? 

In order to fulfill our aims we applied, and were accepted, to Karolinska Institute’s Summer 

Research School where we received a laboratory at the Department of Clinical Science and 

Education at Stockholm South Hospital. The small group, which worked there in the summer, 

consisted of M.D. Shahidul Islam and PhD student Kalaiselvan Krishnan. They work in the field of 

Ca2+-signaling in pancreatic β-cells. Our project had to be linked with their field of research in 

order for us to use their laboratory. They would then supervise us during the summer, with the 

goal for us to work independently. 

 

In order to decide what our research would be dealing with more specifically, we had to increase 

our knowledge about Ca2+-signaling and its significance in treatment of type 2 diabetes, and 

therefore we spent very much time reading by ourselves. We found that anti-diabetic drugs can 

be varyingly efficient, depending on the very patient. We wondered: is there a connection 

between the differences of drug efficiency in different patients, due to different ways of 

triggering insulin secretion? 

 

4.2. How to plan the method? 

4.2.1. Anti-diabetic Drugs 

We chose to examine a 1st generation sulfonylurea called tolbutamide, as well as 2nd generation 

sulfonylureas called glibenclamide and gliclazide. We chose gliclazide and glibenclamide because 

they are commonly used29. We also chose them after having read an article about differences 

between patients taking glibenclamide or gliclazide30. As tolbutamide belongs to the 1st 

generation sub-family of sulfonylureas, it is not as frequently in use any more, but we chose it for 

the sake that it is a 1st generation sulfonylurea, and thereby, we can compare not only the three 

sulfonylureas themselves, but also the effect of the sub-family. 

 

4.2.2. Measurements 

The laboratory the department provided us with a fluorescence microscope which made it 

possible for us to use Single Cell Ratiometric Fluorescence Microscopy. This is able to measure 

fluorescence from one chosen cell, which makes it a precise apparatus which is fortunate for the 

study’s significance. 

                                                           
29 Nathan DM, Buse JB, Davidson MB, et al,” Medical Management of Hyperglycemia inType 2 Diabetes: a Consensus 
Algorithm for the Initiation and Adjustment of Therapy: a Consensus Statement from the American Diabetes Association 
and the European Association for the Study of Diabetes”, Diabetes Care. 2008; 31:1-11. 
30 R. Gokturk, H.E. Ataoglu, M. Yenigun, S. Ahbap, Z. Saglam, L. Temiz, F. Cetin, F. Sar, B. Kumbasar, Comparison of the 
Effects of Gliclazide and Glibenclamide on Insulin Resistance and Metabolic Parameters - http://www.endocrine-
abstracts.org/ea/0014/ea0014p53.htm 
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4.2.3. The Fluorophores 

Chemical fluorescence probes are the most widely used Ca2+ indicators, mainly due to that their 

signal (light) is large for a given change in [Ca2+]i compared to other types of indicators. 

However, to know which fluorophores to use, we had to compare them. Chemical fluorescence 

probes can be divided into various groups based on different criteria, e.g.: 

 

 Is the probe ratiometric or non-ratiometric (single wavelength)? Ratiometric indicators 

allow for e.g. correction of differences of pathlength, and also show the signals as a ratio 

between the indicator in its free, non-bound form, and the indicator when bound to Ca2+. 

 Is the excitation/emission spectrum suitable for the given experiment? The absorption 

spectrum of the indicator should be examined and matched to the maximal output of the 

excitation light source. 

 In what chemical form is the indicator? Ca2+ indicators are commercially provided in 

various forms, e.g. salts and esters. The form of the indicator decides the loading method 

to a large amount, and some loading methods are more invasive on the cell than others. 

 Does the indicator have a good Ca2+-binding affinity? High affinity indicators may emit 

bright fluorescence, but may also buffer [Ca2+]i and it disturbs the liability of the results. 

Low affinity indicators are generally better, and are of good use when measuring Ca2+ in 

cellular organelles. 

 

In short, there are many criteria to consider when choosing the most suitable indicator. 

After having read about many different indicators, we realized that none really is the 

most optimal, because there is no indicator that fulfills all the criteria mentioned above. 

They all have good, useful attributes, but at the same time, they also lack something 

significant, even the most commonly used ones. 

 

4.2.3.1. Ultraviolet-Wavelength Excitation Fluorescent Indicators 
UV-excitation indicators are very popular, but suffer drawbacks related to the fact that it uses UV 

radiation; UV-radiation is well known to be more cytotoxic than probes using longer 

wavelengths. Also, cellular constituents emit fluorescence when excited at the wavelength 

corresponding to UV radiation, and therefore alter the results slightly. UV-based laser systems 

also require certain specialized optical components which are expensive and decreases the 

overall signal intensity as well.  UV Wavelength Excitation Fluorescent Indicators have many 

different dyes. We focused on comparing the two most common ones, indo-1 and fura-2. 

 

Indo-1 has several advantages over other UV-wavelength excitation indicators. For example, it 

has a high selectivity for Ca2+ over cations with the same charge (e.g. Mg2+, Mn2+), and has a 

lower affinity compared with many other probes in this group of indicators. Indo-1 is also 

ratiometric, which allows for correction of uneven dye loading, dye leakage and change in cell 

volume. It also has increased fluorescence quantum efficiency and a significant shift in emission 

wavelength when binding Ca2+. 

 

However, a drawback with indo-1 is its rapid photobleaching, and the fact that UV-radiation may 

generate a Ca2+-insensitive fluorescent compound derived from indo-1, whose emission 

spectrum is close to Ca2+-free indo-1, which alters the liability of the measurements of Ca2+. The 

intracellular environment may also change indo-1′s emission spectrum. 
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Fura-2 is similar to indo-1, and allows ratiometric measurements. Fura-2 is of good use in wide-

field microscopy, but is not suitable for e.g. confocal laser scanning microscopy or flow 

cytometry. Compared to indo-1 AM, fura-2 AM is better for protein binding which allows for 

better monitoring of [Ca2+]i within subcellular components, but also affects the Ca2+ sensitivity 

to the worse. Like indo-1, UV-radiation may induce a Ca2+-insensitive fura-2 derivative. 

 

Other indicators in this sub-group include e.g. quin-2 and other forms of indo-1 and fura-2. Just 

like indo-1 and fura-2, they have some good qualities, but not as many, and suffer bigger 

drawbacks such as high Ca2+ affinity, high affinity for other elements with the same charge as 

Ca2+, and the tendency to crystallize and form precipitates. 

 

4.2.3.2. Visible Light Wavelength Excitation Calcium Indicators 

Chemical fluorescence indicators also include visible-wavelength excitation fluorescent 

indicators. They are not as common to use as the UV-based Ca2+ indicators, but have some 

advantages over them: 

 

 Their emissions are in regions of the electromagnetic spectrum where cellular 

autofluorescence and background scattering are less severe.  

 Cytotoxicity of visible light is less than that of UV radiation. 

 They are suitable for most laser-based instrumentation, including confocal laser 

scanning microscopy and flow cytometers. 

 Stronger absorption of dyes, which permits the use of lower dye concentration and 

thereby lower phototoxicity to the cells. 

 Large Ca2+-dependent fluorescence intensity increases. 

 Increased options for multiparameter measurements, as excitation with visible light 

enables measurements with the help from UV-sensitive caged compounds. 

 

As in UV-based indicators, there is a large amount of dyes available. The most common one is 

called fluo-3, and works very well for confocal laser scanning microscopy and flow cytometry. 

Though, it does not display a shift in absorption/emission spectra when binding Ca2+, which 

makes ratiometric measurements impossible, and one has to add another dye to get the 

ratiometric measurement.  

When combining two different dyes, there are differences in photobleaching rates, 

compartmentalization, or responses to changes in intracellular environment. It is safer to use 

one dye that naturally gives ratiometric measurements. Also, AM forms of these dyes make 

calibration troublesome. This goes not only for fluo-3, but for the majority of the dyes giving 

emission of visible light. We have found one dye, rhod-2, that allows ratiometric measurements, 

but it has an extremely high Ca2+-binding affinity which is a severe drawback. 

 

4.2.3.3. Bioluminescent Calcium Indicators 

Bioluminescence is the production of light by biological organisms. Ca2+-binding photoproteins 

such as aequorin, obelin and mitrocomin have been described, and some of them have been used 

to measure intracellular Ca2+. In a couple of aspects they are simpler to handle than the chemical 

fluorescence probes; through a reaction in presence of Ca2+, the photoproteins emit visible 

bioluminescence. Unlike chemical probes, they are not affected by photobleaching due to 

excitation radiation. The major problem with using bioluminescence is the methods required for 
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loading, calibration and detecting the luminescence; the bioluminescence is not always intense 

enough for detection, which sometimes makes it necessary to use complex detection systems. 

 

Obelin is a Ca2+-activated photoprotein. When it binds to at least 3 Ca2+ molecules, it emits 

bioluminescence. The triggering of luminescence after binding to Ca2+ is much faster than that of 

aequorin, which makes it useful for experiments requiring high temporal resolution. One 

drawback of obelin is that it is much less sensitive to Ca2+ than aequorin. 

 

Aequorin is the most popular bioluminescent Ca2+ indicator, and is widely used. It contains three 

Ca2+-binding sites, and emits luminescence when Ca2+ binds to at least two of them. It may give 

slightly inaccurate measurements when Ca2+ increases to a certain level, especially when Ca2+ is 

not distributed homogenously in the cell. Cytosolic resting [Ca2+]i in some cells is close to the 

limit of measurable [Ca2+]i range of aequorin, which is a drawback. 

 

Green fluorescent proteins (GPF) are photosensitive proteins. These proteins absorb blue 

luminescent emission of aequorin and give off green fluorescence. It has primarily been useful 

for marking gene expression and protein localization in organisms, but research groups 

successfully synthesized Ca2+ indicators using GFP. 

 

GFP-based Ca2+ indicators have some advantages over chemical fluorescent probes and 

aequorin. Unlike aequorin, they can provide ratiometric measurement, and emits bright 

fluorescence which makes it possible to use less complex photon-detection systems. Compared 

to chemical fluorescent probes, the sensitivity is independent of the concentration of the 

indicator, and stay in the cellular compartment they are injected. It can be well localized in the 

target organelle only, which chemical fluorescent probes and aequorin cannot do as well. 

 

One disadvantage with GFP-based Ca2+ indicators is the small range of fluorescence intensity, 

unlike e.g. fura-2 and indo-1. GFP is also partially pH-sensitive, and it is thought that 

absorption/emission spectra may change in the cellular pH range. 

 

The major reason for us to use Fura-2 is that it lacks the major insufficiencies of other 

fluorophores and it is a well-used probe when measuring intracellular calcium concentration. 

The latter is important if other scientists will found the result reliable.  

 

Sources of facts for comparison of different methods: 

A. Takahashi, P. Camancho, J.D. Lechleiter, B. Herman,  Measurement of Intracellular Calcium, 

Physiological Reviews Vol. 79 no. 4 October 1999 

 

invitrogen.com, Fluorescent Ca2+ Indicators Excited with Visible Light – Section 19.3: 

http://www.invitrogen.com/site/us/en/home/References/Molecular-Probes-The-

Handbook/Indicators-for-Ca2-Mg2-Zn2-and-Other-Metal-Ions/Fluorescent-Ca2-Indicators-

Excited-with-Visible-Light.html  

 

This part on comparisons between different methods was originally posted on 

http://oliviabkarolinska.wordpress.com, which is Olivia’s own site where she blogged about the 

work in the lab, the project and some comparisons between methods during this last summer, in 

http://www.invitrogen.com/site/us/en/home/References/Molecular-Probes-The-Handbook/Indicators-for-Ca2-Mg2-Zn2-and-Other-Metal-Ions/Fluorescent-Ca2-Indicators-Excited-with-Visible-Light.html
http://www.invitrogen.com/site/us/en/home/References/Molecular-Probes-The-Handbook/Indicators-for-Ca2-Mg2-Zn2-and-Other-Metal-Ions/Fluorescent-Ca2-Indicators-Excited-with-Visible-Light.html
http://www.invitrogen.com/site/us/en/home/References/Molecular-Probes-The-Handbook/Indicators-for-Ca2-Mg2-Zn2-and-Other-Metal-Ions/Fluorescent-Ca2-Indicators-Excited-with-Visible-Light.html
http://oliviabkarolinska.wordpress.com/
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order for her supervisor at her high school to follow the process (as a part of the graded work 

for the 100p course). 

 

4.2.4. Control 

For our experiment, we needed a control in order to know that the Ca2+ influx mechanisms are 

working as they should. It is known that KCl is able to trigger Ca2+ influx31, and therefore we used 

KCl as a control to make sure the Ca2+ influx mechanisms are working as they should in the cell. 

 
We also needed to make sure our experiments were reliable in terms of knowing that only the 

sulfonylureas would be the reason for increased [Ca2+]i, and that GSIS or CICR could not. In order 

to prevent GSIS and CICR, the perfusion solution given to the cells during the experiments had 

only a basal concentration of glucose (3mM), which is enough for the cell to survive, but not 

enough for it to trigger GSIS/CICR. 

 

5. Materials and Method 
5.1. The Cell Line 

We used S5 cells- rat insulinoma cell line subcloned from INS-1E cells as a β-cell model. The 

reason for using a cancer cell from a rat is because they are easier to handle and can survive 

more than a couple of days unlike the human cells. They were incubated and cultured in 5% CO2 

and 37°C in a RPMI-1640 medium supplemented with fetal bovine serum (2.5% v/v), HEPES 

(10mM),  sodium pyruvate (1mM), antibiotic (50 IU/ml), streptomycin (50µg/ml) and 2-

mercaptoethanol (500µM). New medium was given every other day. Once a week the cells were 

trypsinized (inhibiting the ability to attach to the surface) and passaged. Cells were seeded on 

coverslips and cultured for 3-4 days before experiments.  

 

5.2. Fura-2 

The cells were given fura-2 acetoxymethyl ester (AM) since the AM-group is lipophilic and 

facilitates the passage of fura-2 across the plasma membrane into the cytoplasm. There the 

cytoplasmic esterases cleave the AM-group from fura-2. The fura-2 binds to Ca2+ and emits 

fluorescence. Its maxima excitation is at 340nm and 380nm, and the emission was measured at 

510nm (fig. 11)32.   

 

 

                                                           
31

 http://www.tandfonline.com/doi/abs/10.1080/10286020801966633?journalCode=ganp20 
32

 Molecular probes handbook, 2012 
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Fig.11: Excitation spectra of Fura-2 at different Ca2+ concentrations. 

Increased 340 nm signal corresponds to increases of [Ca2+]i  and vice versa with 380nm signal33. 

 

5.3. Loading Cells with Fura-2 

The loading buffer contained RPMI-1640, Fura-2 (1µM) and fetal bovine serum (2%) in which 

the cells were incubated for 35 minutes on coverslips. To make the esterases split the AM bond, 

the cells were incubated for 10 minutes at room temperature in modified Krebs-Ringer 

bicarbonate-HEPES buffer (KRBH) that contained NaCl (140mM), KCl (3.6 mM), NaH2PO4 

(0,5mM), MgSO47H2O (0,5mM) CaCl2 (1,5mM) HEPES (10mM), glucose (3mM) and bovine serum 

albumin (0,1%) of pH 7.4. 

 

5.4. Fluorescence  

Fluorescence is a process based on three phases. By stimulating a molecule with energy it will 

absorb the energy and become excited, (S1 in fig. 12). This excited state is unstable thus the 

molecule emits the excess energy in the form of fluorescence and returns to ground state (S0 in 

fig. 12). In excited state some energy is lost as heat, that causes stokes shift (2 in fig. 12). This 

results in lower emission energy than excitation energy level34. 

 

 
Fig. 12: The principle of fluorescence: 

The molecule absorbs the added energy and becomes excited S1´ (step 1). Some heat is lost due to its vibration 

(step 2). In S1 the molecule releases energy in form of photons (step 3) and goes back to ground state S0. 

(The Molecular Probes Handbook chapter 1) 

 

5.5. The measurement of [Ca2+]i with Single Cell Ratiometric Fluorescence Microscopy  

Single Cell Ratiometric Fluorescence Microscopy measures the fluorescence from one chosen 

cell. An inverted epifluoroscence microscope (Olympus CK 40) was used for the measurement of 

[Ca2+]i . The cells were examined in 40x1.3 NA oil immersion objective (40x UV APO). The light 

with wavelength 340nm and 380 nm was produced by a monochromator using white light. 

Every second one 340/380 ratio was obtained. The detection was done at 510nm and the data 

analyzed in the software Felix32. The fluorescence was then converted to [Ca2+]i (nM) by a 

calibration done before us in the lab using Grynkiewicz equation. 

 

The perfusion solution was maintained at 37°C by a water bath. Background fluorescence is 

when endogenous sample elements or unbounded probes are fluoresced. This data is not related 

to the experiment and cannot be in the result. To measure the background fluorescence the 

                                                           
33 Molecular probes handbook chapter 19 
34 Molecular Probes Handbook 2012 
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focus was moved from the studied cell and later subtracted from the cell’s fluorescence in the 

software Felix32. 

 

 

6. During the Process 
The first two weeks in the laboratory were about learning how to master the techniques and 

handling the cell cultures. We read a manual for Single Cell Ratiometric Fluorescence 

Microscopy, and the instructions for how this laboratory was culturing β-cells. Through a normal 

light microscope we made sure the cells were alive and healthy. After these first two weeks, we 

proceeded to carry out experiments, testing the substances of glibenclamide and gliclazide in 

order to practice the process. 

In the middle of the summer, Therese attended a script-writing course for PhDs. At this course, 

she learnt more closely e.g. what type of language to use when writing a script. This knowledge, 

she later shared with Olivia. Another experience we had the opportunity to participate in was 

the Islet Society Meeting, an international conference where scientists from all parts of the world 

came to share their studies on the Islets of Langerhans. The conference lasted for two days, and 

was a great experience for both of us as we got to talk to them and learn more about how 

scientists work. 

 

In the laboratory, we soon understood why research is time-consuming. After having learnt to 

handle the cell culture and the experiment techniques, we only had two weeks left for our real 

experiments. Originally, we had hoped to carry out two different experiments on each 

sulfonylurea and then compare them individually. However, when we had proceeded to our first 

experiment, our cells had not loaded the fura-2 well enough. This made it impossible to gain 

reliable data, and we had to start all over with new cells. Unfortunately, three days later the 

humidification system of the incubator had not been turned on, as somebody had forgotten to fill 

the incubator with water. This was not our task to do in the laboratory, but now we learnt to 

always check our machinery to make sure they work properly ahead of running experiments. 

Fortunately, we had cells stored in another incubator too, although they needed passaging and 

get their medium changed. What this meant, was that the cell would not be ready for another 

week, as the cells needed to rest for a week afterwards. 

The problem was that it was only three days before we had to be finished in the laboratory. Now, 

we found a solution to the problem, after some research. We shortened our experiments, and 

carried out the trials where we tested all the sulfonylureas directly after each other. We also had 

to shorten the remaining time from one week to three days. So, the passaging and the change of 

medium had to be done the same day. 

 

Our solution was to take some cells during the passaging and put them on new coverslips 

prepared with medium. When we came with our solutions to our supervisor, he told us this 

could work and that it was worth giving it a try. He had some human cells we could try to use as 

well. 

 

Three days later, our cells were alive and had loaded the fura-2 properly, which the human cells 

had not. This might be because some sort of stress, as those cells very recently had thawed from 

being in the freezer. 
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By the last day that the laboratory provided for us to work there, we finally had some data worth 

analyzing, which we did during the days before our final presentation. Our most important 

lesson from this is that when studying living objects, anything can happen. One has to be 

prepared and have time left for the unexpected, because problems will always occur and the 

exciting work of a scientist is to solve them. 

 

7. Results and Discussion 

 

 
 
 
We studied the effect of the selected sulfonylureas on S5 cells. S5 cells were maintained in 3mM 
glucose (basal glucose concentration) throughout the experiment. This is the minimum 
concentration for S5 cell to survive, but not enough for it to trigger GSIS or CICR (section 2.5). 
Therefore we know that the rises in [Ca2+]i is only due to the effect of the tested sulfonylureas. 
 
A concentration of 100µM of tolbutamide, glibenclamide and gliclazide were given separately for 
300 s. KCl (25mM) was used as a control, to make sure the cell was alive, the Ca2+ mechanisms 
are working as they should, and that the fura-2 had bound properly.  
 

All three sulfonylureas as well as the control increased [Ca2+]i. This effect is is reversible as the 
[Ca2+]i levels reached baseline 3mM of glucose when the sulfonylureas were removed from the 
perfusion (fig.13). However, in this study we cannot know how the sulfonylureas increased 
[Ca2+]i and which channels were involed. Then we would have had to block each channel and 
perform more experiments. Other controls showing if the channel had been blocked would be 
necessary as well, and for all these things we simply did not have the time. In this study, we only 
saw that there is indeed a difference in the ability to rise [Ca2+]i between the tested 
sulfonylureas. 

Fig. 13: The effect of different sulfonylureas on 

cytoplasmic free Ca2+ concentration in S5 cells.  

S5 cells perfused with tolbutamide (100µM), 

glibenclamide (100µM), gliclazide (100µM)  in the 

presence of basal glucose (3mM).  All the 

sulfonylureas increased [Ca2+]i. Potassium chloride 

(KCl)(25mM) which was used as control increased 

[Ca2+]i.. The trace is representative of three 

experimens. 

 

 

 

Fig 5. The effect of different sulfonylureas on 

cytoplasmic free Ca
2+

 concentration in S5 cells.  

S5 cells perfused with tolbutamide (100µM), 

glibenclamide (100µM), gliclazide (100µM)  in the 

presence of basal glucose (3mM).  All the 

sulfonylureas increased [Ca
2+

]i. Potassium chloride 

(KCl)(25mM) which was used as control increased 

[Ca
2+

]i.. The trace is representative of three 

experimens. 

 

 

Fig. 14: Fold increase in cytoplasmic free Ca2+ 

concentration relative baseline by the 

Sulfonylureas. Foldincrease calculated with a 

slighly increased baseline (3mM glucose). Increase 

in [Ca2+]i. is when the ratio becomes higher then the 

baseline. Foldincrease in [Ca2+]i. : Tolbutamide 4.2 , 

Glibenclamide 4.4 , Gliclazide 5.4 and the control 

KCl 15. 
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In fig. 13 and fig. 14 it can be seen that  initial peak [Ca2+]i  increase of gliclazide was higher than 
the other sulfonylureas. It increased the [Ca2+]i by fold increase ~5.4 relative the baseline, 
compared to tolbutamide with ~4.2 and glibenclamide ~4.4. We had three expermiments 
confirming this, which is enough to show it is a significant difference. However, since we were 
working with a cancer cell line, it is more likely to express biological diversity than in regular 
cells. To be able to compare differences in their effect  we would have to perform more 
experiments to avoid the biological diversity.  

The sulfonylureas also have to be measured seperatly to make sure that the difference is not due 
to the effect of the previously tested sulfonylurea, as we tested them after each other in one 
sequence. 

The detailed knowledge of the different sulfonylureas’ secret mechanisms can be of importance 
to diabetes treatment. It is known that different sulfonylureas fit different patients but we do not 
know why yet. Currently, patients have to test different drugs until they find the anti-diabetic 
drug which suits them. If we can understand how the sulfonylureas triggers the incerease in 
[Ca2+]i differently, depending on sub-family and receptor sites, it could possibly in the future be 
easier to match the right medicine to the right patient.  

From this study our conclusion  is that the sulfonylureas tolbutamide, glibenclamide and 
gliclazide increase [Ca2+]i. This is already a known fact. Our result indicates that they might 
behave differently when increasing [Ca2+]i. One could say this is the hypothesis for future 
studies. However, due to our sources of error and a small amount of experiments, in future 
studies the sources of error need to be eliminated, and a larger number of experiments are 
needed if a more reliable conclusion can be drawn. 

Increase in [Ca2+]i is known to trigger secretion of insulin. Therefore studies that provides a 
deeper knowledge about sulfonylureas’ effect on the physiology of β-cells will contribute to 
useful discoveries in the field of diabetes. 
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