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Introduction

This activity allows students to conduct research as a scientist would do by creating their own hypothesis about the effect of alcohol and nicotine on a living organism and testing that hypothesis. Scientists learn as much from the differences they note in their research as from the similarities.  Their observations and conclusions can be used to create many alternate hypotheses as they continue their work.  

Besides allowing students to experience the process of science, this activity also enables them to learn through discussion more about how animals used in research are cared for and treated. The use of animals in research and testing is strictly controlled, particularly regarding potential pain.  Federal laws, the Animal Welfare Act, and the Public Health Service Act regulate all aspects of animal use and care, including the alleviation and elimination of pain, as well as such aspects of animal care as caging and feeding.  Further, each institution that receives U.S. Public Health Service funding for its research or is registered as a licensed research facility with the U.S. Department of Agriculture must establish an active “Institutional Animal Care and Use Committee” (IACUC) that oversees, inspects and monitors every potential animal use to help ensure optimal animal care.

Because the Daphnia magna used in this activity are invertebrates, a scientist would not have to submit an animal use protocol for review by the IACUC.  However, this activity can be used to introduce students to the regulations that govern scientists, which insure the humane and ethical treatment of animals in biomedical research.  It also provides the opportunity to explain the guiding principles of animal research:  reduction, refinement and replacement.  According to the Foundation for Biomedical Research, these definitions are used by government agencies and are generally accepted by both scientists and the animal welfare community, as follows:

Reduction:  The use of fewer animals than previously used to obtain the same amount or more information.  Sharing of research animals or improving statistical methods to allow use of fewer animals are examples of reduction alternatives.

Refinement:  Alteration of existing procedures to minimize the discomfort they cause to the animals.  Use of new, more effective analgesics or closer monitoring for signs of pain are examples of refinements.

Replacement:  The use of research methods or models that do not use animals instead of methods that do.  Computer modeling or cell and tissue techniques are examples of replacement.

Following are examples of reduction, refinement and replacement as used in the WABR Daphnia magna experiment:

Reduction:   To reduce the number of Daphnia magna used, follow these guidelines: Immediately upon arrival set the Daphnia magna up and care for them according to the enclosed instructions.  Review the literature provided regarding strong solutions that can kill the Daphnia magna outright, and test weaker solutions to minimize waste.  Encourage students to work in groups so that they will share information, thereby using fewer animals.

Refinement:  Daphnia magna are closely monitored while using different strength solutions of alcohol and nicotine.

Replacement:  If using animals, scientists try to utilize animals that are less sentient (invertebrates) if possible.  Example:  This experiment was first attempted using vertebrate animals (guppies).  It was found that by using Daphnia magna, we could replace the experimental model with a less sentient animal (invertebrate) whose system can be seen easily observed, obtain even more data, and have a better-controlled experiment.

Even though an animal use protocol does not have to be used for Daphnia magna, we still can promote respect for all life by conducting our classroom research responsibly.  Understanding the principles of ethical research allows the students to be responsible partners in the quest for knowledge.  In  addition, it empowers them to share the important message of being careful stewards of their world.

Effects of Alcohol and Nicotine on Daphnia

Teacher Sheet
Problem:  What effect will each drug--alcohol and nicotine--have on Daphnia?

Hypothesis:  Students make their own hypothesis.

Equipment:  

alcohol solution(s) - for source, see below 

tobacco solution(s) - for source, see below

water

2 depression slides

2 cover slips (24x60mm)

Kleenex

3 droppers

Daphnia Magna (the largest ones available) - for source, see below

stereoscope and/or compound microscope

Daphnia anatomy chart - for source, see below

Recommendations before proceeding
Nicotine Solution(s):

For a full class of students, you will need to pre-mix a nicotine solution.  To make the solution, remove tobacco from a full pack of regular sized cigarettes (20 cigarettes) and mix it with a cup of water.  Cover with a lid and store for at least 12 hours.  After 12 hours, drain the liquid into a container.  Mix this tobacco solution with water, one part solution to eight parts water (for example, 1 Tablespoon tobacco solution combined  with 8 Tablespoons water).  This should give you enough for the entire class.  Note that the nicotine level in cigarettes varies from brand to brand and from type to type, within brand names.  The highest level of nicotine we found was 1.7 mg./cigarette and the lowest was .3 mg./cigarette.  There may be lower and higher levels.  We did not do an extensive review of the brands.  You may also wish to make stronger or weaker solutions for the students to try.  This would help them to determine  dose/response implications.

Alcohol Solution(s):

This solution should be one part alcohol (we used 80 proof vodka) to one part water.  Keep it covered.  Straight vodka will kill the Daphnia immediately as it extracts the lipids from their bodies. This one-to-one solution causes visible changes within a minute of application, and in a few more minutes, the Daphnia will die.  You may also wish to mix  some weaker solutions.

Daphnia Magna:

These tiny freshwater shellfish can be purchased from Carolina Biological Supply Company (1-800-334-5551).  Ask for the Daphnia Magna Culture Kit (K3-L565N - $25.00) and the Daphnia Review Sheets.  The review sheets come in pads of 30 sheets/pad at $8.85/pad, 3 pads for $15.15 or 5 pads for $28.21.  We obtained written permission for you to use the attached xerox of a Daphnia Anatomy Bioreview Sheet as you prepare your lesson, but it can not be xeroxed for  your students.  You must purchase it.  Also see following resources list for additional information on Daphnia.
The Daphnia in the Daphnia Magna Culture Kit will live for approximately 3-4 weeks in the aquarium and medium that are provided.  When your Daphnia magna arrive set them up immediately in their aquarium or they will die.  If sent to your school, make sure they arrive so that you have immediate access to them. Follow the special Daphnia magna instruction sheet (titled “Culturing Daphnia magna”), which differs from the instructions for regular daphnia.  It is better to underfeed Daphnia magna than to overfeed them.  One-eighth teaspoon every other day is sufficient.  Because Daphnia magna can be difficult to catch, you may wish to catch them ahead of time for the students using an eyedropper, so that each team has their own small container of Daphnia to work with.

Procedure:
1.) Label your containers as follows: alcohol solution, nicotine solution, water, rinse water and Daphnia water. Also label your droppers.  Keep them close to their containers or return them to a standing position in their containers so that they do not contaminate the other solutions.

2.) Using the Daphnia dropper, catch a large Daphnia and place it in the depression slide along with some of the Daphnia water.  Observe it under the stereoscope on low light so that you can familiarize yourself with the location of the Daphnia's heart and also the rest of its anatomy. Turn the light off when you are not directly observing the daphnia as the light warms them, causing their heart rate to increase. Let the Daphnia get used to its life in the depression slide for two minutes before putting a cover slip on top of it to hold it in place.

3.) Record your observations of the Daphnia.  

4.) Suction some alcohol solution into the dropper.

5.) Remove the cover slip and sponge off the liquid around the Daphnia by putting a corner of a piece of Kleenex into the liquid.  Be careful not to sponge up the Daphnia.  Be ready to add the alcohol solution to the depression slide right away as Daphnia will not survive without being in liquid.

6.) Wait one minute after applying the alcohol solution to the Daphnia to record observations a second time.  If, after observing your Daphnia and recording your observations, you see that its heart is still beating, put it in a small container filled with water from the original aquarium to recover overnight, then return it to the original container.

7.) Repeat steps 1 through 6 with two more Daphnia.

8.) Now repeat the entire process using the nicotine solution and new Daphnia.

Observations can also be made without putting a cover slip over the Daphnia.  This will provide an opportunity to make a different set of observations when the Daphnia have free range of motion.  For example, students can measure the time it takes for the Daphnia to stop moving once the alcohol solution is added.
Conclusion:

A. Comments - How does each drug act on the Daphnia?  Why do you think each drug affects Daphnia the way it does?  Was there anything you noticed that caused you to question your results?

B. Application - Why might it be useful to know this information?  What other hypotheses could you make based upon your observations?  What information might you need to know before you test these hypotheses?
Resources:

(1) World Book Encyclopedia 1988 Volume W (under Water Flea)

(2) Ecology and Classification of North American Freshwater Invertebrates, edited by James Thorpe and Alan Kovich, 1991 Academic Press

(3) Website :  www.four.gov.bc.ca/ric/Pubs/Aquatic/crustacea/index.htm

(4) CD-ROM on Daphnia - "The Daphnia of North America:  An Illustrated Fauna" by Paul Hebert.  To get more information about its availability email:  phebert@uoguelph.ca

(5) Arni H. Litt, Research Scientist, Dept. of Zoology, University of Washington, 543-1623 or email:arni@u.washington.edu 

(6) For questions about the design of this experiment contact Trez Buckland, Teacher, (206) 365-0740, email: trezbuck@u.washington.edu 

Special thanks to the following for their assistance and support:

· Stephen Gilbert, PhD, President, BIOSUPPORT, Inc.

· Julie Hill, MS, Department of Environmental Health, University of Washington

· Aki Horita, PhD, Department of Pharmacology and Department of Psychiatry and Behavioral Science, University of Washington
· Jennifer Kalishman, DVM, Department of Comparative Medicine, University of Washington
· Mona Kunselman, PhD, Department of Biobehavioral Nursing, University of Washington 

· Arni H. Litt, Department of Zoology, University of Washington 

· Nona Phillips, PhD, Department of Comparative Medicine, University of Washington
Effects of Alcohol and Nicotine on Daphnia
Student Sheet
Name:  _______________________________________________________________________
Date:  _____________________
Class:  _________________________________________
Problem:  What effect will each drug--alcohol and nicotine--have on Daphnia?

Student Hypothesis:

Equipment:  

alcohol solution(s) 

tobacco solution(s) 

water

2 depression slides

2 cover slips (24x60mm)

Kleenex

3 droppers

Daphnia Magna (the largest ones available) 

stereoscope and/or compound microscope

Daphnia anatomy chart 

1) Procedure:

2) Label your containers as follows: alcohol solution, nicotine solution, water, rinse water and Daphnia water. Also label your droppers.  Keep them close to their containers or return them to a standing position in their containers so that they do not contaminate the other solutions.

3) Using the Daphnia dropper, catch a large Daphnia and place it in the depression slide along with some of the Daphnia water.  Observe it under the stereoscope on low light so that you can familiarize yourself with the location of the Daphnia's heart and also the rest of its anatomy. Turn the light off when you are not directly observing the Daphnia as the light warms them, causing their heart rate to increase. Let the Daphnia get used to its life in the depression slide for two minutes before putting a cover slip on top of it to hold it in place.

4) Record your observations of the Daphnia.  

5) Suction some alcohol solution into the dropper.

6) Remove the cover slip and sponge off the liquid around the Daphnia by putting a corner of a piece of Kleenex into the liquid.  Be careful not to sponge up the Daphnia.  Be ready to add the alcohol solution to the depression slide right away as Daphnia will not survive without being in liquid.

7) Wait one minute after applying the alcohol solution to the Daphnia to record observations a second time. If, after observing your Daphnia and recording your observations, you see that its heart is still beating, put it in a small container filled with water from the original aquarium to recover overnight, then return it to the original container. 

8) Repeat steps 1 through 6 with two more Daphnia.

9) Now repeat the entire process using the nicotine solution and new Daphnia.

Conclusion:

A.  Comments - How does each drug act on the Daphnia?  Why do you think each drug affects Daphnia the way it does?  Was there anything you noticed that caused you to question your results?


B.  Application - Why might it be useful to know this information?  What other 
hypotheses could you make based upon your observations?  What information might you need to know before you test these hypotheses?

Resources:

(1) World Book Encyclopedia 1988 Volume W (under Water Flea)

(2) Ecology and Classification of North American Freshwater Invertebrates, edited by James Thorpe and Alan Kovich, 1991 Academic Press

(3) Website :  www.four.gov.bc.ca/ric/Pubs/Aquatic/crustacea/index.htm

(4) CD-ROM on Daphnia - "The Daphnia of North America:  An Illustrated Fauna" by Paul Hebert.  To get more information about its availability email:  phebert@uoguelph.ca

Special thanks to the following for their assistance and support:

· Stephen Gilbert, PhD, President, BIOSUPPORT, Inc.

· Julie Hill, MS, Department of Environmental Health, University of Washington

· Aki Horita, PhD, Department of Pharmacology and Department of Psychiatry and Behavioral Science, University of Washington
· Jennifer Kalishman, DVM, Department of Comparative Medicine, University of Washington
· Mona Kunselman, PhD, Department of Biobehavioral Nursing, University of Washington 

· Arni H. Litt, Department of Zoology, University of Washington 

· Nona Phillips, PhD, Department of Comparative Medicine, University of Washington
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