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INFECTED WITH LARVAL TREMATODES

Erin E. Muller! Heather SimpkinéBernard Fried,Joseph Sherma

! Department of Chemistry
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Easton, PA 18042-1782, USA

ABSTRACT

High performance thin-layer chromatography analysis was
used to analyze neutral lipids in the digestive gland-gonad (DGG)
complex of the marine snailyyanassa obsoletuand Littorina
littorea infected with larval trematodes. The results were
compared with the DGGs of snails not infected with larval
trematodes. The most abundant neutral lipid in both infected and
non-infected snails was triacylglycerols, with percentages ranging
from 2.8% in|. obsoletus snails infected with unidentified
armatae cercariae to 24.7% linobsoletussnails infected with
Zoogonius rubellus L. littorea snails infected with an unidenti-
fied armatae cercaria contained 6 to 7 times the amount of
cholesteryl ester than uninfected snails or those infected with
Cryptocotyle linguacercariae.l. obsoletussnails infected witlZ.
rubellusor an unidentified armatae cercaria contained 2 to 3 times
more free sterol than the uninfected controls. Larval trematode
parasitism was found to alter the neutral lipid profiles of the
marine snails. obsoletusandL. littorea.
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INTRODUCTION

Few studies are available on the pathobiochemical effects of larval
trematodes in their snail hosts. The pathobiochemical effects of larval
trematodes on the neutral lipid profiles of the freshwater dHalisoma
trivolvis, infected with various larval trematodes, have been stddiBue study
showed that neutral lipid profiles in the snails varied both qualitatively and
quantitatively as a result of larval trematode parasitism.

Few studies are available on the effects of larval trematodes on the neutral
lipid profiles of marine snails. We recently obtained two species of marine
snails infected with larval trematodes. The first snail spediganassa
obsoleta was infected with the cercariaeum Zbogonius rubellusand an
unidentified xiphidio cercaria in the armatae group. The second snail species,
Littorina littorea, was infected with the heterophyid cercariaQyptocotyle
lingua, and an unidentified xiphidio cercaria in the armatae group.

The purpose of this study was to use high performance thin-layer
chromatography (HPTLC) to analyze the neutral lipids in marine snails infected
with the above-mentioned larval trematodes and compare the lipid profiles with
those of uninfected snails (i.e., snails not harboring larval trematode infections).

Results were also compared with the previous Stedyneutral lipids in
the freshwater snaiH. trivolvis infected with various species of larval
trematodes.

EXPERIMENTAL

Preparation of Samples

Snails were obtained from an intertidal zone in Saunderstown, Rhode
Island and prepared for HPTLC within one day of receipt or following
maintenance for up to 2 weeks in artificial sea water &€12To remove the
snail body, each snail was dissected individually in sea water, its shell removed,
and the infection status of the snail was determined by examining the digestive
gland-gonad complex (DGG). As mentioned in the Introduction, snails were
identified as infected with a specific larval tremafbdewith a cercarial tyge
when identification did not match published criteria.

Snails not infected with larval trematodes were designated as uninfected
controls. Snail DGGs were handled individually and, following dissection from
snail bodies, they were rinsed briefly in sea water, blotted on filter paper, and
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weighed on an analytical balance. The weights of individual DGGs (both
infected and uninfected) ranged from 56 to 278 mg. Weights of infected and
uninfected DGGs were matched prior to their HPTLC analysis. To extract
lipids, each DGG was homogenized in 2 mL of chloroform-methanol (2:1), and
the extracts were filtered through a plug of glass wool contained in a Pasteur
pipet. Nonlipid contaminants were removed by the addition of 0.5 mL of Folch
wash (0.88% KCI). The top aqueous phase was separated from the bottom lipid
phase and was discarded. The lipid phase was dried under a stream of nitrogen
at 22C, and the HPTLC sample was prepared by reconstitution with 1000 L of
chloroform-methanol (2:1).

Preparation of Standards

The standard used for HPTLC analysis was neutral lipid standard 18-4A
(Matreya, Pleasant Gap, PA, USA) containing equal concentrations of
cholesterol, oleic acid, triolein, methyl oleate, and cholesteryl oleate. The
standard was diluted with chloroform-methanol (2:1) to contain Q.2Q0L of
each lipid.

HPTLC Analysis

Neutral lipid analysis by HPTLC was performed on Whatman (Clifton, NJ,
USA) 20 x 10 cm LK5-DF silica gel TLC plates with 19 lanes and a pre-
adsorbent zone. Plates were pre-cleaned by development to the top with
dichloromethane-methanol (1:1) and air-dried in a fume hood. The standard and
reconstituted samples were applied in 2.0, 4.0, 8.0, and jd6.8liquots to
separate lanes using a @6 Drummond (Broomall, PA) digital microdispenser
and dried with a hair dryer.

Plates were developed to a distance of 6.0 cm past the pre-adsorbent-silica
gel interface with the Mangold solvent system (petroleum ether-diethyl ether-
glacial acetic acid, 80:20:1) in a paper-lined Camag (Wilmington, NC, USA)
twin-trough HPTLC chamber. Development took 10-12 min. The plates were
dried with a hair dryer, sprayed with 5% phosphomolybdic acid in ethanol, and
heated in a 11 oven for 15 min. Neutral lipids appeared as blue zones
against a yellow background.

Densitometry of sample and standard zones was performed using a Camag
TLC Scanner Il with the tungsten light source set at 700 nm, slit width 4, slit
length 5, and scanning rate 4 mm/sec. The CATS-3 software was used to
generate a calibration curve relating the weights of the standard zones (0.40-3.2
Hg) to their peak areas.
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Table 1

Percentage of Neutral Lipids in the Digestive Gland-Gonad Complex of
Littorina littorea (LI) and Ilyanassa obsoletuglo)*

Snail Sample Infection % % Free % Chol. % Free
Species Size Status Triacyl Sterol Ester Fatty Acid
LI 3 un. 9.6+ 0.21+ 0.63+ 0.049+

4.2 0.064 0.064 0.012
LI 3 C.l 7.9+ 0.228+ 0.075% 0.053+
3.6 0.0069 0.025 0.020
LI 4 Un.C. 10.9+ 0.19+ 0.099+ 0.076x
3.1 0.050 0.050 0.016
lo 1 Z.r. 24.7 0.21 0.26 N.D.
lo 1 un. 2.8 0.36 0.45 N.D.
lo 5 un.C. 5.2+ 0.095+ 0.28+ N.D.
23 0.021 0.13

* Abbreviations: Un. = Unidentifiedrmatae cercaria C.l.= Cryptocotyle
lingua; Un.C. = Uninfected controlZ.r. = Zoogonius rubellysN.D. = Not
determined.

The analyte weight in the sample aliquot having a scan area closest to that
of the middle standard was determined by automatic interpolation from the
calibration curve using its peak area. The percentage of all lipids but
triacylglycerols in the sample was determined by means of the following
equation:

percentage of neutral lipidW x Rx 1/Sx 100,

whereW is the interpolated weighp§) of lipid from the calibration curver is

the ratio of the sample reconstitution volume (1QQ0) to the volume of the
sample aliquot, an& is the wet weight of the DGG sampleg]. To quantify
triacylglycerols, multiplication by a dilution factor was necessary to obtain
triacylglycerol zones bracketed within the calibration curve.
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Figure 1. Photograph of chromatograms showing the neutral lipids in extracts of infected
and uninfected DGG sampleslaflittorea. Lanes 1-4 contain 2.0, 4.0, 8.0, and 8.0
aliquots of the 0.2Qug/uL 18-4A neutral lipid standard. Lanes 5-8 and 9-12 contain 2.0,
4.0, 8.0, and 16.QL aliquots of DGG samples infected wi€ linguaand uninfected

DGG samples, respectively. Abbreviations: a: cholesterol, b: oleic acid, c: triolein, d:
methyl oleate, e: cholesteryl oleate.

A

Figure 2. Photograph of chromatograms showing the neutral lipids in the extracts of
infected and uninfected DGG samplesl.obbsoletus Lanes 1-4 contain 2.0, 4.0, 8.0,
and 16.QuL aliquots of the 0.2@ug/uL 18-4A neutral lipid standard. Lanes 5-8 and 9-12
contain 2.0, 4.0, 8.0, and 1640 aliquots of DGG samples infected with rubellusand
uninfected DGG samples, respectively. Abbreviations: a: cholesterol, b: oleic acid, c:
triolein, d: methyl oleate, e: cholesteryl oleate.

RESULTS AND DISCUSSION

The number of samples analyzed ranged from one to five, depending upon
the availability of snails with particular infections and of uninfected controls
(see Table 1). The major neutral lipid fraction detected in the DGGs of both
infected and uninfected. littorea and|. obsoletuswas triacylglycerols (R=
0.62), as seen in Figure 1 (fbr littorea) and Figure 2 (fof. obsoletus In
order to quantify this fraction (see Table 1), samples had to be diluted with
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chloroform - methanol (2:1), resulting in a dilution factor ranging from 11 to 44
in the equation given above. Lesser amounts of neutral lipids present in the
DGG samples that were also quantified were free stergls=(R.26) and
cholesteryl esters ¢(R= 0.86) (see Table 1)Free fatty acids (R= 0.35) were

also present but only quantifiable in samples ftorhittorea(see Table 1). The
percentages of neutral lipids that were present in the DGGslitorea and|.
obsoletusare given in Table 1. Large standard errors in Table 1 indicate a high
degree of variability in the lipid content of individual marine snails. Low
amounts of methyl esters¢R 0.76) were also present but were not quantified
because of the poor separation of this zone from that of the triacylglycerols.

An examination of the data in Table 1 shows some differences in the
neutral lipid profiles of infected versus uninfected DGG samples in both
littorea and|. obsoletus There was an approximately six times increase in
cholesteryl esters in the DGGs bf littorea infected with the unidentified
armatae cercaria compared with littorea infected with C. lingua or the
uninfected controls. Moreover, the data on the percentage of free sterol in
infected versus uninfectddobsoletussnails suggested that there was more free
sterol in infected snails, but since only two infected snails were available for
analysis, no definitive conclusions can be made at this time.

No major patterns were seen in the triacylglycerol profiles of infected and
uninfectedL. littorea andl. obsoletusdue to the variability of this neutral lipid
in individual snails.

In the only other published study on the effects of larval trematodes on the
neutral lipid content of marine snails, it was shown, using TLC, that infection of
Littorina saxatilis rudisby sporocysts of the trematoddicrophalus similis
reduced the levels of triacylglycerols and free fatty acids in the snail digestive
gland compared with uninfected contrdlsinpublished observatioh®ased on
TLC analysis of the marine sndierithidia californica infected with various
larval trematodes suggested that the lipid profile of the snail varied, depending
on the type of larval trematode present. Observations from the present study,
along with others? suggest that larval trematodes alter the lipid profiles of
marine snails as has been reported for fresh water $nails.

ACKNOWLEDGMENTS

We thank Professor Jan Pechenik, Biology Department, Tufts University,
Medford, Massachussets for supplying us with the marine snails used in this
study. EEM was supported by grants from Research Corporation and the
Lafayette College Academic Research Committee (EXCEL Scholar Program).
HS was supported by grants from the Lafayette College Academic Research
Committee (EXCEL Scholar Program).



10: 27 24 January 2011

Downl oaded At:

NEUTRAL LIPIDS IN MARINE SNAILS 1545

REFERENCES
1. S. N. Thompson, “Physiology and Biochemistry of Snail-Larval Trematode
Relationships,” irAdvances in Trematode BiologyB. Fried, T. K.
Graczyk, eds., CRC Press, Boca Raton, FL, 1997, pp. 149-195.

2. B. Fried, B. A. Frazer, M. S. Lee, J. Sherma, Parasitol. 8<69-373
(1998).

3. H. W. Stunkard, Biol. Bull164, 143-162 (1983).

4. S. C. SchelHandbook of Trematodes of North America North of
Mexico, University Press of Idaho, Moscow, Idaho, 1985.

5. D. P. McManus, |. Marshall, B. L. James, Exper. Paras3fl]157-163
(1975).

6. B. Fried, J. Sherma, J. Planar Chromatogr.-Mod. B,.290-299 (1990).
Received August 7, 1998

Accepted October 16, 1998
Manuscript 4879-TLC



Downl oaded At: 10:27 24 January 2011

Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081JL C100101749


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=JLC&title=HIGH+PERFORMANCE+THIN-LAYER+CHROMATOGRAPHIC+ANALYSIS+OF+NEUTRAL+LIPIDS+IN+THE+MARINE+SNAILS+ILYANASSA+OBSOLETUS+AND+LITTORINA+LITTOREA+INFECTED+WITH+LARVAL+TREMATODES&offerIDValue=18&volumeNum=22&startPage=1539&isn=1082-6076&chapterNum=&publicationDate=05%2F17%2F1999&endPage=1545&contentID=10.1081%2FJLC-100101749&issueNum=10&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+10%3A38%3A57&publisherName=dekker&orderBeanReset=true&author=Erin+E.+Muller%2C+Heather+Simpkins%2C+Bernard+Fried%2C+Joseph+Sherma&mac=tLCvoy06pvs4MHel9UMjRw--

