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INTRODUCTION

Finding & suitable and susceptible snail host is one of the most
important functions of 3chistosome miracidia (Chernin, 19743 Pen, 198C). A
number of behavior type studies have been carried out on Schistosoma
msnsoni miracidia utilizing simple quantitative and biothemicel assays in
relation to host-finding (Chernin, 1962, 1968, 1970, 1971, 1972).

There are indicazions that the cwimming behavior of miracidia and
contact with a suitable and susceptibla snsil host might be due to chemical
substancus being emitted from snails. fuch substances have teen termed
“mixaxones" (Chernin, 1974). Thes. substances are present in snail mucua
and are thought to be potential attractants for miracidia (Chernin, 1974).

However, few studies have directed their asttention to investigating
structures on the surface of snail hosts that may aid directly or
indirectly in miracidial host-location.

Is thin preliminary study, the distribution, pattern orientation,
surface morphology and morphometric analyses of cilia were made of the
following snail hosts: Biowphalaris glabrata, B. straminea, B. tenagophila

and Bulinus truncatus.

MATERIALS AND METHODE
Scanning Electron Microscopy

Snails (8-12 mm in diameter) were obtained from the Tropical Disease
Research Center, University of Lowell, Lowcll MA. Snails were deslelled,
washed seversl ¢imes in distilled water and fixed for two hours in 2.5%

glutaralézhyde buffered with Soreuson's sodium phosphate. Orginisma were



rinsed in several changes of the same buffer for one hour and then post~
fixed in 11 buffered osmiua tetroxide for two hours.

Specimens wers rinsed extensively in buffer and dehydrated in the
folloving ascending concentrations of ethyl alcohol: 30, 50 70, 83, 95 and
1002, and then two 10 minute changes of 100X alcohol. Snails were then
placed in 7X amyl acstate for 1S minutes and then thres changes of 100X
amyl scetate, 15 minutes each. Bpecimens were critical point dried in
liquid carbon dioxide, eputter coated with gold-palladium and observed -
an Etec Omniscnn Scanning Electron I:licrou:opc. Photographs were taken ac
desirable magnifications. A method was devised by Prewitt and Jones (1984)

for morphometrical measurements.

RESULTS AND DISCUSSION

To our unowledge this is the first evidence of an investigation
concerned with the three-dimensional surface topography of cilia on snail
hosts that transmit schistosomiasis. The basic anatomical features of
snail hosts consisted of the head-foot region, tentscles, mantle collar,
body and tail region. FPigure 1 shows the surface topography of the head-
food region, tentacles and mantle collar of the snail host, Biomphalaria
glabrata. At higher magnifications the mouth region showed the presence of
irregular folds and short~stubbad, denzely compacted masses of cilia. Food
material vas sbserved in the center of the mouth opening /Pigure 2),

The inner surface of the mantle collar of B. glabrats consisted of
distinct tufts of cilia similar to ciliary tufts observed in B. tenagophila
(Pigures 3 and 4). 1In B. tenagophils, ocassionally, irregular-sized blebs
vere zeen collecting at the end of the ciliary tufts (Figure 4). Such
structures vers belizved to be condensations of sneil mucus.

One of the problems encountered in examining the surface topography of
snail hosts wvas the presence of considerable amounts of mucus on the
surface. In this study, special attention was made to developing a
protocol vhich sllowed extensive rinsing of the snail surface vith a
standard electron microscopy buffer for mucur removal.

Ciliary tufts on the asurface of the sneil host, Bulinus truncatus

appeared short, diatinct and reguarly distributed (Pigures 5 and 6).
Figure 7 shows an electron scan of thr head-foot region of Biomphalaria
straminea. The specimen was orientated to s lateral angle to reveal the
bottom surface of the foot area. The tentacles of B. straminea consisted
of numerous, densely compacted tentacles of cilis, in comparison to B.
labrata, B. tenagophila and B. truncatus. Cilia on the tentacles of B.
straminea showed a multi-directional orientation (Pigure 8.) However, the
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Pigure:},

Figure 2.

Scanning Elsctron Micrograph of the Head-Poot Region of the
Snail Host, Biomphalaria glabrata: (h), Head; (t),

Tentaclest (mc), Mantle Collar; (f), Poot. Marker, 100 pm,
Mouth Region of B. glabrata shoving Irragular Folds and Densely
Compacted Bosses of Cilia. Nots ths ingestion of food
(lettuce) by the organiem, arrovs. Marker, 100 pm.

.



Pigure 3.

Figure 4.

Inner Surfece of Msntle Collar of B. glabrats showing Tufts of

Cilia. Marker, 10 pa.
Inner Mantle Collar of the Biomphalaria tenagophila showing

Tufts, of Cilia. Marker, ) pm.



Figure 5.

figure 6.

Top Surface of the Hesd Region of Bulinus truncatus showing

Tufts of Cilia. Marker, 100 pm.
Higher Magnification of Cilia of Bulinus truncatus. Marker, 10

pR.



anterior-lateral head-region of B. straminea consisted of densely packed
cilia uni-directional (Pigure 9). Cilia o the lower mantle collar of 8.
straminea revealed a similar orientation and appearance (Pigure 10),

Morphometric quantitarive analyses of the relative lengthes of ciiia on
the surface of snail hosts vere made by reconstructing a schematic diagram
of cilia based on the appearance of scanning electron micrographs {Figuva
11). The vchematic reconstruction developed by Previtt and Jones (1984)
utilizes the following parameters on measuring cilia lengths: scanning
electron wmicroscopa voltage, vorking distance, the conversion factor,
magnification and negative number (Pigure 11).

The morphometric messurements for cilia length vere somevhat in accord
to standard methods of morphometry (Eisanberg, 1985; Weibel, 1969} Weibel
et al., 1967; Weibel, 1980; DeHoff et al., 1968; and Undervood, 1970). Two
methods were devised for quantitative morphometric analyses of cilia
(Prevwitt and Jones, 1985). In method one, the length of a cilium in
microns was equal to the length of a cilium measured in millimeters divided
by the magnification of the micrograph. In the second method, the length
of cilium in microns was equal to the length of cilium measured in
millimeters multfplied by the scale marking conversion factor on the
micrograph. Slight differences and a small percent ervor existed between
the two methods (Table 1). Even though morphometric analyses were made of

all snails, computations for B. straminea and B. Clabrata wera provided in

this report.
The relative minimum length of cilia or the upper mantle collar of B.
straminea using method one was 4.23 mjicrons and 4.45 microns using method

tvo (Table !). In all morphometric computations at least fiva different
meapurenents vere made on a specific host surface ares or anstomical region
from numerous scanning electron micrographs. The differences betwsen the
v given methods could possibly be due to some of the following: surface
structures on the snails in which cilia vas present, the pattern of cilia
orientation, the surface morphology of cilia, and the appearance of cilia
origin, Cilia that was present cn the lower mantle collar of B. straminea
shoved a relative minimum length of 9.05 microns using method one and 9.57
microns using method two (Table 3). The relative minimun length of cilia
present on the tentacle vas 5.88 microns using both methods (Table 4).
Cilia on the anterior-lateral head surface ragion of B, straminea
shoved a relative-minimum length of 13.9 microns based on computations
using method one and 14.3 microns from method two (Table 3). The medial

foot region of B, straminea revesled a relativa-minimum length of cilia



Pigurs 7.

Pigure 8,

Scasalng Blectroa Micrograph of the Head-Fost Reglon of
Biowphalaria straminest (b), Neads (t), Tentacles) (mc),
Mantle Collarj (f), Poot. MNarher, 100 pm.

Cilia on the Tentacles of . straminea shoving Tangles and a

Multi~directional Orientation. Marksr, 40 pm,



Pigure 9. Densaly Compscted Cilia on the Aaterior-Lateral Nead Surface of

3. straminea, Marker, 30 pm.
Pigure 10. Laterslly-oriented Cilis on the Lover Mantle Collar of B.
straminea. Marker, 27 pa.
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20,1 KV 12 Wt 7.27  02.83 10t 12683

Figure 11. Representative Schematic Diagram of Cilis on the Surface of
Biomphslaria stramines Primarily based on Scanning Electron
Micrographs (Previtt and Jones, 1984) 20.1 XV = Scope
Voltage; 12 ma = Working Distance; 7.27 u » Convarsion Factor
€7.27 p is equal to 20.0 vm at o magnification of 2.83 xx);
02.83 XX = Magnification Number in kilotimes (2830X); 12683 =

Megative number for micrograph.
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Tadle 1. Methods of Quantitative Morphometric Analysis.

XETBOO I
Length of & cilium {n g = (Langth of e{lium measured in sm) X (1000 p) = x
Magnification nuaber (1.00 sm)
METHOD II
Length of a cilium in p = (Langth of cilium measured in =) X Scale-marking = Xu

Conversion Factor
Exanple:
Questiont How can one measure the length, .a u, of cilium which

measures 41.0 mm in & photomicrograph aaving a megnification
of 2830X with & scale-marking of 7.27 §p/20.0 swm?

XZTROD I
Leagth of v%e cilim fa pu = {‘1.0 -; b 51000 ) = 143 p
2830 1.00 s
METHOD IX
Length of the cilium ia = 41.0 se (7.27 = 49

*(20.0



Table 2. Horphoutr.lc Computations for the Cilia Present on the Upper
Mantle Collar of Biomphalaria ptramines.

Method 1 Hethod II

{H-O_-yz 1000 458 p  13.0 e (7.42 - 4,82
2840 ) (1.00 mm 10.0 mm)

iu.o ma) (1000 g} 4.9 » 14,0 am (7,42 5.19 »
2840 ) (1.00 mm (20.0 »m

ia.oo mn) (1000 g} 2.82 p 8.00 mm (7.42 2.9
2840 (1.00 am (20.0 ma

{.1_0-0_-)_2 1000 = 352y 10.0 mm {7.42 = 3Ny

2840 ) (1.00 mm {(20.0 am

.?_5&-)1 10 = 35,28 p 19.0 wa {7.42 = 5,5 p
2840 (1.00 wm (20.0 mm

Relative-minimum length of Relative-sinimum length of

cilia = 4,23 cilia = 4,45 p

\



Table 3. Horphometric Cosputatioms for Cilis Presant oa ths Lover Mantle
Collar of Bicmphslaria gtramines,

Nuh_od 1 Hethod 11

23.0 sm) (1000 9.08 23.0 om {8.32 g; - 9.9
5 3540 § (1.00 =» ¥ (20.0 »»

B.74 »

in.o an) (1000 8.27 p 21.0 ma {8:32 g;
2340 ) (1.00 mm {20.0 on

%y_-_"_'_'yl mo_u; 9.43 p 24.0 ma (8.32 9.98
2540 J (1,00 we (20.0 na

{22.0 mm) (1000 g; 8.66 22,0 ma (8:22 1) = 913
2540 ) (1.00 mm ’ (20.0 m=

525.0 wn) (1000 g; 9.84 25.0 (8.32 y) = 10.40
2540 ) (1.00 sm g -(10.00 -) b

Ralative-minimus leng b of Rolative-sinimum length of
cilia = 9.05 ¢ cilia = 9.37 p

(4P



Table 4. Morphometric Computations for the Cilla Present on the Tentacles
of Blowphalarls straminea.

Mathod 1

‘ﬂo:o -2 Slooo !! = 3.3 ¢
( 13000) (1.00 =)

(99.0 mm) (1000 p) = 6.60 p
( 13000) (1.00 mm)

98,0 mm) (1000 p) = 6,53 p
( 15000) (1.0 sm}

(70.0 =) (1000 - 4,67
( 15000) (1.00 mm)

(94.0 mm) (1000 p) = 4.27 y
( 15000) (1.00 sw)

Relative-minimum length of cilla = 5.88 p




Table 3. Morphometric Computations for the Cilia Present on the Asterior-
Lateral Head of Biomphalaria straminea,

Hethod 1 Mathod Il
(41.0 mm) (1000 p) = 14.5p 41.0 ma 17.27 gz > 14.9 p
( 2830 ) (1.00 =) (20.0 em)

(35.0 sn) (1000 p) = 12,4 p 35.0 o (7.27 p)} = 12.7p
( 2830 ) (1.00 =x) (20.0 om)

(45.0 am) (1000 p) = 15.9 ¢ 45.0 o (7,27 p) = 163
( 2830 ) (1.00 =m) (20.0 mm)

(39.0 wm) (1000 p) = 13.8 p 39.0 mm (7.27 p) = 142
( 2830 ) (1.00 =m) (20.0 mm)

(37.0 em) (1000 p) = 13.1 p 37.0 mm (7,27 p) = 13,4 p
( 2830 ) (1.00 em) (20.0 mn)
Relative-minimum length bf Relative~minimun length of

cilia = 13,9 cilia = 14,3 p




averaging 2.94 microns ond 4.16 microns using methods one and two,
respectively, (Table 6).

Using both methcds, the relative-minimum length of cilia on the tail
region of B, straminea averagad 1.37 microns. Computations provided in the
text only reflect messurements from method one (Table 7). A summary of
morphological scanning electron microscopic data, and computations from
morphometrical analyses of B. straminea can be found in Table 6. The
distribution of cilfa on a specific region of the snail host surface varies
in addition to cilia orientation and length (Table 8), Table 9 shows the
average relative-minimum length of cilia on given regions of B, glabrata.
Discinc: variations and differences in cilia lengths were found on
different body regions.

The combined morphological and quantitative morphometrical data showed
that cilia polymorphism exists in not only cilis structure but cilia
lengths, pattern of orientation and distribution. Similur scanning
electron  microscopic  obsevvations wvers reported on  microvilli
(amicrotriches) in Hymenolepid tapeworms (Berger and Mettrick, 1971). These
investigetors reported that various species of Hymenolepis revealed
polymorphic microvilli with differencies in orientstion and it was
suggested that these structures might play a role in increasing the surface
area of wvorms for nutrient absorption.

The role(e) of cilia present on the surface of snail hosts remains to
be elucidated. However, such structures, as microvilli in tapevorms, may
aid in increasing the overall absorptive surface ares and thus create a
mors adequate environment for snail mucus which contains subst.nces that

are potential attractants for miracidia.

SIIMMARY
The distribution, pactern of orientation, surface morphology and
morphometric analyses were made of the following snails: B. glabrata, B.

straminea, B, tensgophila and Bulinus truncatus. In the upper lip and

mouth regions of B. glabrata and B. straminea, cilia was sparsely
distributed and appeared as short bud-like projections. Whereas, in B.
tenagophila dense populations of cilie were observed in these regions. In
all species, danse populations of long cilia were exhibited in the upper
and inner mantle collar. 1In B. glabrata and B. tenagophila, cilia wes
arranged in tufts. Aversge morphometric analyses were made of all snail

hosts and variations wvere observed in all species.



Table ).

Morphometrie Computations for the Cilla Present on the Tail
Ragion of Biomphalaria stramines.

Hethod 1

(4,00 em) (1000 e 1,41
( 2825 ) (1,00 om)

(3.00 em) (1000 y) = 1,06 4
( 2825 ) (1.00 mm)

(4.50 em) (1000 4) = 1.59 .
( 2823 ) (1.00 ma)

(3.80 =) (1000 - 1. M
( 2825 ) (1.00 =)

(4.10 wm) (1000 p) = 1,43 4
( 2825 ) (1.00 sm)

Relative-mioimus length of cilia = 1.37 g




Table 8. Summary of Morphological and Morphometrical Data of Biomphslaria straminea.

Region Observed

Distribution of Cilia

Orientation of Cilia

Relative-Minisum Length of Cilia

Upper Mantle Collar

Densely covered with cilia

Multi-directional

4.23 microns

Lower Mantle Collar

Densely covered with cilia

Laterally-directed orientatio

n 9.65 microns

Tentacles

Densély covered with cilia

Hulti-directional

$.88 microns

Anterior-Lateral Head

Moderately concentrated
with cilia

Anteriorly-directed
orientation with
respect to the cail

13,9 microns

Medial Foot

Densely populated
with cilia

'
[P

!

Posteriorly-directed .

orientasion with
respecc to the head

2;9A microns

Tail e

- “Sparsely

Muiti-directional

1,37 microns

<



Table 9. Morphometric Computations for Cllis Present on the Surface of

. Blomphalaeria glabrata.

Upper Mantle Collar

Lover Mantle Collar

Head

Tentacle

Houth

Foot

1) om

2850

33 =
6000

2640

(1000 p) = 4.56 ¢

(1000 p) = 14,16 p

1 m

1m

(1000 p) = 23.30 ¢

1 om

(1000 u) = 3.73 p

1 o

{1000 p) = 3.78 p

lmm
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