HEART RATE RESPONSE TO INDUCED ENVIRONMENTAL AND MODULATORS IN FRESHWATER SHRIMP:
A STUDENT LABORATORY EXERCISE

Introduction

The purpose of this exercise is to investigate the effect of various environmental cues on the heart rate
of the transparent ghost shrimp, Palaemonetes genus. Heart rate in crustaceans can be altered under
many conditions. Neurotransmitters, temperature, and chemicals such as stimulants can all have an
effect. Neurotransmitters act on the organism’s heart rate through the nervous system in a
parasympathetic-like or sympathetic-like manner. This can either cause an increase or decrease in
overall heart rate based on the properties of the neurotransmitter in question. The effects of
temperature on heart rate are also variable. Lower temperatures tend to decrease the heart rate.
Conversely, high temperatures tend to cause an increase in heart rate due to the increase in metabolic
activity and higher rate of chemical reactions within the body. Chemical stimulants also increase the
heart rate and blood flow. In this experiment, students will become familiar with these effects by
subjecting a species of freshwater shrimp to varying environmental conditions- dopamine, serotonin,
and cold water.

Preparation

The ghost shrimp is an ideal experimental model for monitoring heart rate, due to the organism’s
transparent exoskeleton and low maintenance. Before starting this experiment, become familiar with
the shrimp anatomy terms below:
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cephalothorax
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FIG 1. General shrimp anatomy diagram.

http://'www.greymatter.net.au/sciweb/activity/AC/hand
outs/anatomyshol.pdf
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Materials

Iltem Quantity
Ghost Shrimp (available at pet stores) 1
Small Wooden Rod (Toothpick) 1
Grooved Petri Dish 1
Light Microscope 1

Pins with Curled Ends 2
Paper Towels 2
Beaker of Distilled, Aerated Water 2
Beaker of Ice 1

10 uM 5-HT Solution 1 Bath
10 uM Dopamine Solution 1 Bath
Set of Microscope Lights 1
Drop of Super Glue (Maxi-Cure) 1
Drop of Quick Dry (Insta-Set) 1

Methods

1. Dampen a paper towel with distilled water.

2. Place the shrimp in the damp paper towel so that the anterior region is wrapped and the animal’s

back and tail are free.

With a second, dry paper towel gently dab the back of the animal in order to dry it for the glue.

4. Place a small drop of the glue onto the wooden rod and then adhere it to the animal. Ensure that
the stick is glued slightly below the back on the tail so that the apparatus does not hide the heart.

5. While holding the rod in place, place a dab of the quick dry compound over the glue to complete the
bonding.

6. Hold the stick in place for approximately five more seconds or until the rod is sufficiently affixed to
the shrimp.
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7. Rinse the shrimp and rod of any excess chemicals by dipping it once or twice into the beaker of
water.

8. Place the shrimp in the grooved Petri dish; ensure that the rod fits securely into both grooves on
either side of the dish. This will limit the animal’s movement and will allow for it to be monitored
through the microscope. Fill the dish with aerated water and be sure that the level is over the back
of the shrimp so that it survives the experiment.

Exercise 1.

Monitor the heart rate of the shrimp to gain a baseline. To do this, place the shrimp setup under the
microscope so that the heart is visible on the back of the animal. Count the number of beats in ten
seconds and multiply this number by six to get the beats per minute. To obtain an experimental
baseline, do this three times and take the average of the three values and record values in Table 1. Note:
It may be beneficial to allow the shrimp to acclimate for approximately five to ten minutes before taking
a baseline reading to account for the agitation of the animal.

Exercise 2.

Note: Your teacher will instruct your group to perform either Part A or Part B of Exercise 2 (NOT both).
You will then exchange recorded data with a group that used a different chemical stimulus.

A. Carefully transport the dish containing the shrimp to the sink and gently pour the contents of the
bath out. Make sure that the shrimp is secure and does not fall into the sink. While monitoring the
shrimp heart rate through the microscope, fill the bath with the prepared dopamine solution. Take note
of the immediate response. After approximately thirty seconds, take note of the number of heart beats
in a ten second period. Again, multiply this number by six in order to calculate beats per minute. As in
Exercise 1, repeat this process for a total of three times; generate an average beats per minute reading
and record it in Table 1.

B. Carefully transport the dish containing the shrimp to the sink and gently pour the contents of the
bath out. Make sure that the shrimp is secure and does not fall into the sink. While monitoring the
shrimp heart rate through the microscope, fill the bath with the prepared serotonin solution. Take note
of the immediate response. After approximately thirty seconds, take note of the number of heart beats
in a ten second period. Again, multiply this number by six in order to calculate beats per minute. As in
Exercise 1, repeat this process for a total of three times; generate an average beats per minute reading
and record it in Table 1.

Exercise 3.

Carefully transport the dish containing the shrimp to the collection beaker in the classroom. Gently pour
out the solution containing either GABA or glutamate. Make sure that the shrimp is secure. Rinse the
beaker and the shrimp with aerated water to ensure that all of the chemicals have been removed.
While monitoring the shrimp heart rate through the microscope, fill the bath with chilled aerated water
from the beaker containing the ice. Observe the immediate change. After approximately thirty seconds,
take note of the number of heart beats in a ten second period. Again, multiply this number by six in
order to calculate beats per minute. As in the previous exercises, repeat this process three times;
generate an average beats per minute reading and record it in Table 1. Water Temperature: °C



Exercise 4.

Gently pour out the cold water. Make sure that the shrimp is secure. While monitoring the shrimp heart
rate through the microscope, fill the bath with warm aerated water from the beaker. Observe the
immediate change. After approximately thirty seconds, take note of the number of heart beats in a ten
second period. Again, multiply this number by six in order to calculate beats per minute. As in the
previous exercises, repeat this process for a total of three times; generate an average beats per minute

reading and record it in Table 1. Water Temperature: °C
Results:
Table 1
Control Dopamine Serotonin Cold Water | Warm Water
(beats/min) | (beats/min) | (beats/min) | (beats/min) | (beats/min)
Trial 1
Trail 2
Trail 3
Average

In order to compare the effects upon heart rate of the various conditions observed above, graph the
average beats/minute of each stimulus below:

Heart Rate (Beats/Min)

Control Dopamine Serotonin Cold Warm

To account for the effects of non-target variable conditions such as experimenter noise or changes in the
amount of light over the shrimp with passing shadows, it is important to calculate the percent difference
from baseline for each of the stimuli observed before drawing any conclusions about generalized
reaction trends.



Absolute dif fernce (intial — experimental)

% Dif ference = itial x100

Dopamine Serotonin Cold Temperature | Warm Temperature

Percent Difference
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HEART RATE IN DROSOPHILA: A STUDENT LABORATORY EXERCISE
Introduction

The Drosophila heart is known to be myogenic (cells initiate contraction, not nerve impulses) in the
larval stage and can be studied after being removed or in situ. The myogenic nature of the larval heart is
comparable to the mammalian heart as pacemakers drive the rest of the heart to pump fluid in a
direction to be effective in bathing organs.

The cellular mechanism of action of the neurotransmitters and cardiac modulators in larva have not
been described to date as there has not been sufficient understanding of the ionic currents and channel
types present in the larval heart that contribute and regulate pacemaker activity. As far as we are aware,
there are no reports documenting extracellular or intracellular recordings of myocytes to assess ionic
currents to address the mechanistic effects of modulators in larval Drosophila.

The larval heart is very susceptible to biogenic amines and peptides, which vary in the hemolymph
depending on food source or intrinsic state of the animal (Dasari and Cooper, 2006; Johnson et al. 1997,
2000; Nichols et al. 1999; Zornik et al. 1999). Addressing how endogenous or exogenous compounds
influence the heart mechanistically is of interest. Possibly novel insecticides with fewer effects on other
organisms can be developed if we gain a better understanding of insect physiology and pharmacology.

Note to Instructor

A good means of visualizing an intact beating larval heart is directly with a microscope (adjustable zoom
0.67 to 4.5; World Precision Instrument; Model 501379); however, the larva must remain still enough to
count of the contractions. A 2X base objective and tube objective 0.5X is used to gain enough spatial
resolution and magnification to cover a 1cm by 0.5 cm rectangle. The ambient temperature is
maintained at 20°C. You can use either the Intact Larvae Protocol or the Permanent Restraining
Protocol.

Benefits of Intact Larvae Protocol: These approaches could be used to follow an individual larva over
extended periods of time if care is used to avoid dehydration. This technique also allows video imaging
within a single plane. White light is projected from the underside of the microscope stage with a mirror
so that it can be moved accordingly for the best contrast of the heart or the two trachea which move
while the heart contracts. These methods can also be used to assess pharmacological agents introduced
in the diet or to examine various times in development in mutational lines or with induction of heat
shock genes.

Benefits of Permanent Restraining Protocol: If one is not interested in freeing the larvae for
experimentation one could use the permanent method of restraining the larva by gluing the animal to a
glass slide. With use of super glue method, the animal can eat and even be covered in a moist solution
while remaining adhered to the glass cover slip.

Preparation



The Drosophila larva is an ideal experimental model for monitoring heart rate because of the ease of
measuring heart rate by counting the movement of the trachea. There are attachments from the heart
on the trachea. Before starting this experiment, become familiar with the Drosophila anatomy below:

Figure 1. Dorsal view of an intact 3" instar larva showing trachea (Tr) and
spiracles (Sp)

Materials
ltem Quantity
3"instar larva 1
Slide 1
Cover slip 1
Light Microscope 1
Set of Microscope Lights 1
Paper Towels 2
Beaker of Distilled, Aerated Water 1
Beaker of Ice 1
Food laced with 5-HT Solution
Food laced with Dopamine Solution
Drop of Super Glue (Maxi-Cure) 1
Methods
1. Take aclean slide and place a cover slip at one end of it.
2. Put asmall dab of superglue at one corner of the cover slip.
3. Locate your Drosophila larva and remove it from the test tube.
4. Place the larva in a Petri dish and rinse it with a small amount of water to remove any excess food.
5. Soak up reaming food with the corner of a small tissue or paper towel.



6. Gently pick up larva with tweezers and place it
on your slide on the opposite end from your
cover slip.

7. Place the slide under the microscope and adjust
your lends on the larva. The larva should be on
its stomach with its back facing upwards. You
can distinguish between the two sides of the
larva because their backs feature two “racing
stripes” which are the trachea. The stomach
has faint horizontal grooves running along it
with very fine black hairs.

8. If the larva is facing the incorrect way, simply
turn the right way by gently flipping it over
with your tweezers (See photograph on
right).

Intact larvae Protocol

9. Restrain the larva to one location using double stick tape on a glass slide and placing the ventral side
of the larva to the tape.

10. Make sure the black mouth hooks are located near or at the edge of the cover slip and neither they
nor the brown spiracles come in contact with the tape.

11. Carefully press down on the larva to flatten it out.

12. This approach does not work well if the tape gets wet when feeding the larvae. To avoid the tape
getting wet use Vaseline (injected out of a small needle around the base of the larvae and around
the tape edge). To free the larvae, moisten the tape to loosen the adhesiveness to the animal.

Permanent Restraining Protocol

9. With a new set of tweezers used specifically for glue take a small dab from the drop at the end of
your cover slip and place it at the corner of the opposite end. You should use a fractionally amount
of glue; just enough to cover the head of the tweezers. Also, make sure you wipe off the ends of your
tweezers so that they do not become glued shut.

10. Under the microscope, double check to make sure the larva is still in the correct position. If it has
turned over, see step eight.



11. Now, with the tweezers used to handle larva, pick up the larva and place it gently on the fresh patch
of glue. Make sure the black mouth hooks are located near or at the edge of the cover slip and
neither they nor the brown spiracles come in contact with the glue.

12. Carefully press down on the larva to flatten it out.

Exercise 1.

Monitor the heart rate of the Drosophila to gain a baseline. Count the number of trachea movements in
ten seconds and multiply this number by six to get the beats per minute. To obtain an experimental
baseline, do this three times and take the average of the three values and record values in Table 1.

Exercise 2.

Note: Your teacher will instruct your group to perform either Part A or Part B of Exercise 2 (NOT both).
You will then exchange recorded data with a group that used a different chemical stimulus.

A. While monitoring the Drosophila through the microscope, use a syringe to add dopamine-laced
food to the head of the fly. After approximately thirty seconds, count the number of spiracle
movements in a ten second period. Multiply this number by six to calculate beats per minute. Repeat
this process three times; generate an average beats per minute and record it in Table 1.

B. While monitoring the Drosophila through the microscope, use a syringe to add serotonin-laced
food to the head of the fly. After approximately thirty seconds, count the number of spiracle
movements in a ten second period. Multiply this number by six to calculate beats per minute. Repeat
this process three times; generate an average beats per minute and record it in Table 1.

Exercise 3.

Carefully rinse the food off the slide making sure the Drosophila is secure. While monitoring the
Drosophila through the microscope, add chilled water from the beaker containing the ice to the slide.
After approximately thirty seconds, count the number of spiracle movements in a ten second period.
Multiply this number by six to calculate beats per minute. Repeat this process three times; generate an
average beats per minute and record it in Table 1. Water Temperature: °C
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Exercise 4.

Carefully rinse the food off the slide making sure the Drosophila is secure. While monitoring the
Drosophila through the microscope, add warm water from the beaker to the slide. After approximately
thirty seconds, count the number of spiracle movements in a ten second period. Multiply this number by
six to calculate beats per minute. Repeat this process three times; generate an average beats per minute

and record it in Table 1. Water Temperature: °C
Result:
Control Dopamine Serotonin Cold Water | Warm Water
(beats/min) | (beats/min) | (beats/min) | (beats/min) (beats/min)
Trial 1
Trail 2
Trail 3
Average

In order to compare the effects upon heart rate of the various conditions observed above, graph the
average beats/minute of each stimulus below:

Heart Rate (Beats/Min)

Control Dopamine Serotonin Cold Warm
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