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Abstract:

Over the past summer, I volunteered at Johns Hopkins Hospital in a laboratory of the 
Ross building.  I worked with three other undergraduate students and a technician under 
the supervision of Dr. Martin Slodzinski, an assistant professor in the Department of 
Anesthesiology and Critical Care Medicine.  I learned techniques such as cell plating and 
examination of cells using a Nikon 640/680 fluorescent microscope.  I observed some 
other lab techniques one of which was Western Blotting.  The knowledge I gained 
allowed me to perform experiments pertaining to our study on the effect of calcium 
concentrations on myometrial (uterine smooth muscle) tissues.  

Calcium (Ca2+) causes cells in the body to contract. Tocolytics, such as magnesium 
and terbutaline, can be introduced into these cells to counter the effects of calcium and 
relax smooth muscle cells.  With regard to the uterus, this interaction is very important 
because it can help to delay premature births. While many scientists have concentrated on 
understanding what causes cellular contraction, our lab took the opposite route and 
studied possible ways to induce cellular relaxation.  I focused my studies upon human 
uterine cell tissue (HUT cells).  I perfused these cells with oxytocin, a hormone used to 
stimulate contractions which increases intracellular calcium in the cytosol, to see if
tocolytics were effective in preventing these contractions.  A very high percentage of 
deaths in neonates are caused by preterm labor.   Thus, by finding ways to relax these 
uterine cells we may one day potentially be able to prevent premature births.

Introduction :

There are several problems regarding preterm birth (PTB) which are directly related to 
what I was studying in the lab.  PTB is risky for both mother and infant.  PTB involves 
the mother going in to labor prior to reaching 37 weeks of gestation (Green, Damus et al., 
2005).  This is a growing problem considering that in 2004, the number of preterm births 
rose to 12.5% in the United States (Hamilton et al., 2005).  Another issue that 
accompanies PTB is the financial implications, both short-term and long-term.  Not only 
is care in the neonatal intensive care unit (NICU) costly, but after release from the 
hospital, disabilities due to underdevelopment of the major systems can cost billions of 
dollars.  Even though money may not be an issue for some families, there are also an 
immense amount of emotional costs that come along with such a stressful situation.   

By specifically studying the mechanism of uterine relaxation, one may be able provide 
more developmental time for both the mother and infant.  Studies have shown that
terbutaline sulfate, a beta agonist, is effective in delaying parturition, labor and delivery, 
for roughly 48 hours.  By binding to beta receptors, terbutaline induces a signaling 
cascade in which adenylate cyclase is activated, resulting in an increase in the amounts of 
cyclic AMP (cAMP) produced.  As a result of the increase in cAMP, relaxation of the 
smooth muscle tissues in the uterus occurs.  Magnesium sulfate provides a similar effect 
by interfering with the ability of calcium to entermyometrial cells and also causing 
muscle relaxation in the uterus.  The delay of parturition for two to seven days may be 
used to get the mother to an appropriate facility or to treat her with steroids that will 
speed up the baby’s growth.  The ultimate goal of studying the effects of these tocolytics
is to find a mechanism that will be able to eliminate preterm births all together. 

Materials for Culturing Cells : 

- - Light microscope

- - 37oC incubator

- - Flask containing 80-90% confluent cells

- - Dulbecco’s Modified Eagle’s Medium (DMEM)

- - Calcium and Magnesium-Free Phosphate-Buffered Saline CMF-PBS (10mL)

- - 0.1% Trypsin solution

- - Laminar flow hood
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- - 12-well plate

- - Cover slips

Methods:

The major methods of analysis I used were culturing cells and then studying them using a 
microscope.  Our lab used one cell line, which essentially became immortalized through the process 
of continually culturing more cells from the same batch.  Using a twelve-well plate, I grew the cells 
on cover slips in Dulbecco’s Modified Eagle’s Medium (DMEM), a pre-made serum that contains 
nutrients in which the cells can grow.  When running an experiment I prepared two plates.  One was 
the control plate containing only the Human Uterine (HUT) cells. The second was plated with HUT 
cells and a tocolytic in the medium.  The plates were then left in an incubator for however many 
days the experiment required.  

After x-number of days, I took out a plate and loaded one well with Fura2, a molecule that 
fluoresces when it binds to calcium.  Next, I removed the cover slip from the medium, flipped it so 
the cells would be on top, and placed it onto the stage of our 640/680 fluorescent microscope.  I then 
turned on the tyrode solutions, solutions consisting of the salts and nutrients present in normal cells.  
I focused the microscope and selected approximately ten points in the cytoplasm of ten different 
healthy cells.  These points were used to track calcium levels in each of cell.  I waited ten minutes to 
allow the cells to reach body temperature, 37oC.  Then I started recording data using a computer 
program.  After recording for five minutes to get a steady baseline, I added oxytocin to the cells 
continually for five minutes.  If I was running the same experiment but testing the effectiveness of a
tocolytic, I acutely applied the tocolytic five minutes prior to starting the addition of oxytocin and 
continued to run it while running oxytocin.  Experiments were run for the tocolytic perfused cells for 
a given number of days.  This process resulted in graphs of calcium levels in these cells over a 
certain period of time.  From these graphs we could interpret the effectiveness of the tocolytic in 
preventing cell contractions in response to oxytocin, on a daily basis.  

Results:

I studied chronic exposure by evaluating the difference between graphs of the 
control group and graphs of cells that were treated with tocolytics.  I found that after 
one day of tocolytic exposure, the peak pertaining to calcium concentration, [Ca2+],
was greatly reduced showing that the tocolytic was effective in lowering the amount 
of intracellular calcium.  After two days tocolytic effects were slightly lower.  After 
three days of tocolytic exposure the tocolytic was already less effective. By the 
fourth and fifth days there was practically no inhibition.  From these results I was 
able to deduce that the effects of the tocolytics start to wear off after two days.  This 
confirms the fact that tocolytics are limited and can only lower the amount of 
intracellular calcium for a short period of time preventing intracellular contractions.   
By the fifth day, they are hardly effective.  These experiments were repeated over 
and over.  I was able to confirm that our in vitro system works and is comparable to 
in vivoconditions.  This shows that our simulations are in fact accurate 
representations of actual conditions inside the body.       

Discussion: 

From the conclusion that our system is consistent with bodily conditions, we can 
do further testing where we try to delay contractions for an even longer period of 
time.  While delaying the contraction of uterine cell tissue for a couple days can 
allow for time to get to the hospital or an appropriate place for delivery, it does not 
solve the problem of under developed neonates.  If we can find a way to delay 
contractions for a much longer period of time, ideally until the baby is full term, we 
may ultimately be able to eliminate preterm births altogether.  This would give 
babies more time to for gestation inside the womb.  Of course, there much more 
research to be done before all this can be accomplished, but my contributions to 
confirmation of an accurate body simulation provide a good foundation for further 
testing.  
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These figures show the general trend of calcium levels in HUT cells as 
they are treated with oxytocin and terbutaline over time.  Each line 
represents measurements from a different cell.  In the control graph, 
the sharp peak denotes that there are no tocolytics present and so the 
cells contract due to increased levels of calcium.  After one day of 
treatment with terbutaline, a tocolytic, the calcium concentrations are 
low as shown in the graph.  The tocolytic is very effective at this point.  
However, as time goes on, the efficacy of terbutaline decreases as shown 
in the graphs corresponding to 3,4,and 5 days after treatment. 


