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ABSTRACT

Students commonly Lest the effects of chemical agents on the heart rale of the crusta-
cean Daphnia magna, bul the procedure has never been oplimized. We determined the
effects of three concentrations of ethanol, nicotine, and caffeine and of a control solwtion
on heart rale in Daphnia Ethanol at 5% and 10% (wv) reduced mean hearl rate io
~50% and -2 of ils initicl value, respeclively. Recovery was rapid afier emoving 5%
ethanol, bul recovery [rom 108 ethanol took 2030 minutes. Nicotine al 100 pM revers-
ibly increased mean heart rate by ~-20%. Higher concentrations produced varied and

sometimes irreversible effects. Caffeine at 0.1%, 0.5%, and 2% (w/¥} had no convincing
effect om heart rate. O the three agents tesled, nicotine's peculiar effects make it the leasi
useful in an educational sciting. Caffeine could be used Lo emphasize the need for blind
observers because il does not increase heart rate in Daphnia. [f students find that it does,
their bias is revealed. Ethanol produces unambiguous effects al 5% and 10%. Heart rales

recover quickly after emoving 5% ethanol, which allows students Lo explore reversibility
as an alternalive 1o having a separate control growp.
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Daphnia are small crusitaceans Lthal are inexpen-
sive, easy Lo care [or, and LransparenL. The laller
properly allows sludents 1o easily observe the
beating hearl (Figure 1). Studenis commonly
invesligale Lhe ellects ol chemical agenis on
heart rale in Daphnia. Prolocols are available in
published laboralory manuals (see references in
Gray, 1996). More can be lound on the Inlernet.
A kil for the lab is sold by Wards Matural Sci-
ence. Resulls of the exercise are oflen inconsis-
lent and unanticipaled. Gray (1996) slaled “thal
even il dala were collecled [rom all biology sec-
lions, resulls were slill oo inconsislient o draw
delinite conclusions. ..l was nol unusual for nearly hall of the animals
lesled Lo show increased hearl rales in alcohol while Lthe rest showed
decreases.” Similarly, when this papers [lirsl author used Daphnia in a
course on research design, he found thal several commonly Lesled com-
pounds [ailed 1o generale statistically significant ellecls on hearl rale.
Whal compounds and concentralions should be lesied 1o produce con-
sislenl elfects thal can be distinguished [rom those of chance?

Three commonly lesled agenls are nicoline, calleine, and ethyl
alcohol. Scholarly, peer-reviewed reporis of how these compounds
alfect hearl rale in Daphnia are scanl. Baylor (1942} described ellecis of
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nicoline but provided no sample sizes or graphs. Campbell et al. (2004)
found that 2 mM calleine caused a slight inilial increase in hearl rale lol-
lowed by a subsequent decrease starling 30 minules laler. Foster (1997)
studied a range ol calleine concentralions bul only delermined heart rate
immedialely alier the calleine was applied. Sollmann and Webb (1941)
briefly mentioned Lhe eflfects ol 1% ethanol. Clearly, the scholarly lit-
eralure provides lillle guidance as 1o whal concentrations ol Lhese com-
pounds should be Lesled and whal effects 1o expect.

Here, we reporl on Lhe ellects ol ethanol, nicotine, and calleine on
heart rale in Daphnia. Each compound was Llested al three concentralions.
We delermined Lheir ellects, Lhe lime necessary Lo achieve Lhose ellects,
and whether or nol Lhe elfects could be reversed. Doing so required a
lengthy procedure and slalislical analyses thal are unsuilable for high
school students. We do nol recommend Lhal leachers ask studenls Lo
repeal our procedure. Our intent is Lo help teachers modily their exisling
prolocols 1o make the most of the Daphnia heart rate lab.

O Materials & Methods

Daphnia magna were shipped overnight [rom
Wards Nawural Science (Rochesier, NY). They
were mainlained al room lemperalure in Lhe
medium in which they were shipped. Animals
were fed Daphnia growth food daily (Wards cal-
alog number 88W3950). Matural light provided
a summer pholoperiod. Feeding and overnight
shipping are essential lor long-lerm mainlenance
ol Daphnia cullures. With standard shipping, cul-
lures invariably die within a lew days, even when
Lthey are l[ed. Wilh overnight shipping, our cul-
lures Lypically survived lor 2 weeks.

The procedure was based on that of Baylor (1942). A small amount
ol collon was placed into a 1.5-mL glass well. A Daphnia was added
wilh enough aged lap waler Lo immerse Lhe animal. The collon pre-
venled Lthe Daphnia from swimming bul still allowed some movement.
Hearl aclivily was recorded direclly Lo iMovie by a Sony Handycam
camera Lhal was mounled on a dissecling microscope and connecled
Lo an Apple compuler. Hearl rale was delermined in iMovie by playing
a 13-second portion of the recording in slow molion and counting the
beals.

The American Biology Teacher, Vol. 72, No. 3, pages ITe—179. ISSN 00027685, elecironic 1ISSM 1938-4211. ©2010 by Maticnal Association of Biology Teachers. All righis reserved.
Request permission fo pholocopy or reproduce arlicle content ai the University of California Press's Righlis and Permissions Web site al www ucpressjournals.com/reprinfinfo.asp.

DO 10.1525/abt 201072.3.9

@ THE AMERICAN BIOLOGY TEACHER

VOLUME 72, NO. 3, MARCH 2010



-, _.-. #
(0.5 mm \""'f-'t

=

Figure 1. Daphnia magna. Armows indicate the wall of
the heart.

Initial experimenlts locused on the elfects of ethanol (1%, 5%, and
10% viv), micoline (0.1 mM, 1 mM, and 50 mM), and calleine (0.1%,
0.5%, and 2% w/v). All three compounds were oblained from Sigma-
Aldrich (5L Louis, MO). Solutions were made wilh aged 1ap water and
[rozen belore use. Aliquols were coded Lo prevenl observer bias. Six ani-
mals were lesled wilh each concentration ol each compound. Fighteen
animals were lesled wilh aged lap waler Lo serve as controls. Each ani-
mals hearl activity was recorded Lhree limes al 10-minule inlervals 1o
eslablish a baseline. Then, the solution bathing the animal was replaced
wilh Lhe lesl solution. Hearl aclivily was recorded immedialely and then
three more Limes al 10-minule intervals. The solution bathing Lthe animal
was Lhen changed lour limes wilh aged Llap waler Lo [ully Nush oul the
lest agenl. The hearls aclivily was subsequently recorded three more
limes al 10-minule inlervals Lo Lest for recovery.

Prior Lo slalistical analysis, heart rates lor each animal were converied
lo percenlages ol Lhe initial heart rale. Initial hearl rale was calculated
as Lhe average ol the hearl rales delermined al 10 minutes, 20 minules,
and 30 minutes. One-way analysis ol variance lor repealed measures was
used Lo determine whether lime alone had any elfect on the hearl rale
ol control animals. Ellects ol nicoline and calleine were analyzed wilh
separale l'wo-way analyses ol variance for repealed measures. Hearl rales
included in each analysis were Lhose determined al 32 minutes (right
aller the lest compound was applied), 40 minutes, 30 minules, and 60
minules (right belore it was removed). The same control dala were used
in Lhe analysis ol both nicotine and calleine resulls. Resulis of ethanol
trealment did nol require statistical analysis.

Follow-up experiments wilh calleine were meanl Lo conlirm initial
lindings thal sugpgested Lhal calleine decreased heart rale. Twelve animals
were lesled, six wilh aged tap waler and six wilth 2% calleine. Aliquots
were coded Lo prevenl observer bias. Hearl rales were delermined prior
lo changing Lhe bath o the Lest solution and again 30 minules laler.

O Results

Sevenly-lwo Daphnia were used in Lhe inilial experiments. The average
initial hearl rale was 354 beals minute (range: 91-521 beals minute").
The large varialion in hearl rale belween animals cannol be altribuled
Lo variation in Lheir size. Linear regression showed thal only 5% of Lhe
varialion in hearl rale could be attribuled 1o dilferences in animal length.
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Figure 2. Effects of (A) ethanaol, (B) nicotine, and (C) caffeine
on heart rate in Daphnia. Arrows mark the time when the test
substance was applied (between 30 and 32 minutes after the
experiment began) and removed (30 minutes later). Heart rates
are shown as mean percentages of the initial values. Initial
values were calculated by averaging the heart rates of each ani-
ral at 10, 20, and 30 minutes. Results from 1 mM nicotine are
shown in Figure 3A. The same control data are shown in

A B, and C. Bars show standard error of the mean.

In control animals, mean hearl rale declined significantly [rom an average
ol 366 beals minule™' 1o 298 beals minule~' over 90 minules (Figure 2,
filled circles in A, B, and C; F=7.483, d[ =9 and 153, P < 0.0001).
Flhyl alcohol caused a dose-dependent and reversible decrease in
mean hearl rale (Figure 2A). One percent ethanol may have caused a
slight and transienl decrease in mean hearl rale immedialely aller iL was
applied, bul no effect is evident al laler lime points. Five percent ethanol
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reduced mean heart rate Lo just over hall ils initial value. This effect
was [ully reversible within 10 minules ol ethanols removal. Ten percent
elhanol caused mean hearl rale 1o decrease Lo roughly 20% of ils initial
value. This eflfect was also reversible, bul 20-30 minules were required
[or [ull recovery. Both 3% and 10% ethanol caused obvious irregularity
in heart rhythm.

Hearl rale was signilicantly allected by nicotine (interaction ol lime
and concentralion: F = 5.380, dl = 9 and 96, P < 0.0001). AL 0.1 mM,
nicoline reversibly increased mean heanl rale by roughly 20% (Figure
2B, open circles between arrows). Al 1 mM, the hearl rale of two ani-
mals increased, whereas that of a third decreased (Fipure 3A). Neither
elfect was reversed upon removal of Lhe nicoline. Al 50 mM, nicoline
caused an inilial increase in mean hearl rate lollowed by a subsequent
decline over Lhe lollowing 30 minules (Figure 2B, open Lriangles). The
elfect of 30 mM nicoline on individual animals’ hearl rales depended
on Lhe initial hearl rales ol the animals. Daphnia with high inilial hearl
rales experienced a slow decline during Lheir 30-minule exposure Lo 50
mM nicotine followed by partial recovery upon ils removal (Figure 3B,
solid squares and triangles). Daphnia wilh lower initial hearl rates experi-
enced an inilial increase in hearl rale [ollowed by a subsequent decrease
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Figure 3. Heart rates of individual Daphnia before, during, and
after exposure to nicotine at (A) 1 mM and (B) 50 mM. Arrows
mark the time when the test substance was applied (between
30 and 32 minutes after the experiment began) and removed
{30 minutes later). The data shown in Figure 3B are the same

as in Figure 2B (50 mM), where they are shown as means with
eror bars.

(Figure 3B; compare the position ol symbols al 30 minules and 32 min-
ules Lo see Lhe inilial increase). The overall elfect of 30 mM nicoline was
Lo reversibly reduce the varialion between animals in Lheir hearl rales.

Statistical analysis indicatles thal calleine allected heart rate (inlerac-
lion of Llime and concentration: F = 2.993, dl = 9 and 96, P = 0.0033).
Mean hearl rale declined in the presence of 0.5% and 2% calleine al
Lhe same Lime Lthal mean hearl rale in control animals remained roughly
constanl (Figure 2). Wilh a calleine concentration of 0.1%, mean heart
rale increased. In spite of Lhe [inding ol statistical signilicance, we doubt
Lhal calleine had any real eflecl. The increase in mean hearl rale seen al
0.1% was aitributable 1o the contribution of just one animal, olhers were
unallecled, and much ol the decrease seen al 2% was allribulable 1o
anolher whose heari rale declined more than thal ol others. Il those two
animals are removed, stalistical signiflicance is lost (P = 0.0511). Also,
although mean hearl rale in control animals was slable between 30 and
60 minules into Lthe procedure, mean hearl rale [ell significantly in con-
Lrol animals across Lhe entire 90-minule period. The stability during the
30—-60 minule window used in Lthe statistical analysis may have been a
Muke. Finally, the decline in mean hearl rale in Lhe presence ol 0.5% and
2% calleine began belore the calleine was present (Figure 2C). Belween
10 and 30 minutes into the procedure, mean heart rate lell by 10% in
Lhe group thal would receive 0.5% calleine and by 6% in Lhe group Lhat
would receive 2% calleine. The decline in the presence ol calleine may
simply be a continuation of that trend. Follow-up experiments with cal-
[eine were meant Lo determine whether calleine has any real ellect.

In [ollow-up experiments, mean hearl rale lell by 20% (slandard
error = 6%) over 30 minules in animals exposed 1o 2% calleine. In con-
Lrol animals, mean heart rate lell by 16% (standard error = 8%). The dil-
ference was nol slatistically significant (L = 0.385, dl = 10, P = 0.7082).

O Recommendations for Teaching

Laboratories

Ethanol is a highly suilable agent 1o Lesl in a leaching laboralory [ocused
on hear rale in Daphnia. Both 5% and 10% elhanol cause rapid decreases
in heart rale thal are large in magnilude. Meilher concentralion caused
any moriality in our study. Il studenis are 1o allempl Lo reverse Lhe ellect
ol the treatment, 5% ethanol is Lhe concentration 1o use. Full recovery
occurs just 10 minules aller several thorough rinses Lo remove Lhe eth-
anol (Figure 2A). Recovery from 10% ethanol lakes lwo Lo three limes
as long.

In addilion Lo its large, reversible eflfect, there is anolher good reason
Lo Lest ethanol. It causes marked irregularily in hearl rhythm. Teachers
can exploit this action of ethanol Lo emphasize the imporance of making
casual observalions. Such findings can lead Lo new areas of invesligalion.
Teachers can emphasize Lhis [acl belore students conduct the labora-
lory exercise. Sludents can be queried lor casual observalions during
Lhe exercise or laler during classroom discussion. Altentive students will
nole Lhe irregular rhythm caused by ethanol.

Nicoline would be a difficull compound 1o work wilth in a Daphnia
hearl rate lab. Baylor (1942} lound that Daphmia exposed o *10 " nico-
line exhibiled a 17% decrease in heart rale. Il he meant 10 * M, and not
107 wiv (0.01%), then our resulls conlradicl his: we lound thal hean rale
increased al Lthal concentration. Tesling an agenl Lhal increases hearl rale
presents a problem. Sludents already have dillicully counting hearl beals in
Daphnia because the heart rale is so high. Il nicoline causes il o increase,
would students slill be able 10 determine heart rale? Nicoline al 0.1 mM
could be useful il studenis do nol count beals by eye. Baylor (1942) used a
stroboscope [or this purpose, a lechnique advocaled by Foster (1997).

Concentralions ol nicoline above 0.1 mM should not be used il
“clean™ resulils are desired. Ellects a1 1 mM are unpredictable and irre-
versible (Figure 3A). AL 50 mM, nicoline reduces hearl rale, but only il
il is high Lo begin with, and the full elfect takes at leasl 30 minules Lo
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