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Abstract- The tegumental spines around the attachment organs in four species of digenetic trematodes namely; Fasciola gigantica,
Schistosoma heamatobium, Cynodiplostomum azimi and Aporchis massiliensis were evaluated with energy dispersive X-ray microanaly-
sis (EDXA) for three chemical elements: sulphur, calcium and phosphorus at three regions of spine (tip, middle and base) and the aver-
age was recorded. Weight percent (wt %) of each chemical element for each digenean at different regions was recorded and analyzed for
probability using SPSS computer program. The pattern of element distribution showed significant specific characteristics. In F. gigantica
(distome type), sulphur had the highest concentration followed by calcium then phosphorous, in Aporchis massiliensis (echinostome
type), calcium concentration was the highest followed by sulphur while phosphorous was completely absent. In S. heamatobium
(shistosome type) and C. azimi (holostome type), which follow the same pattern, phosphorous had the highest concentration followed by
sulphur then calcium. The functional significance of the variations in element distribution in different parts of the spines in diverse digene-
an types is most likely related to the habitat richness with these elements in addition to the ability of these digenean types to metabolize
and make use of these elements.
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Introduction

Energy dispersive analysis for X- ray (EDXA) is a non- destructive
technique whereby the sample can be analyzed several times at
different locations and magnifications [1,2]. X- ray microanalysis
has been used successfully in many research disciplines. Parasitic
diseases have been further understood by using this technique [3],
where evidence for many pathological problems has employed
EDXA [4]. In the parasitological field, EDXA has been used for
analysis of chemical elements in the body of helminthes, specially
the anchorage structures [5,6]. Studies used the variation in the
concentrations and distribution of chemical elements to specify and
correlated these variations with type, type host and habitats [7-9].
This technique was also employed to determine the effects of ex-
ponential growth of some helminthes on the concentration of some
metabolically active elements inside the hosts [10].

Spines are anchorage structures present in many digenean spe-
cies. The chemical and structural characteristics may help in under-
standing its functional role in different digenean groups.

The goal of this study is to evaluate three chemical elements: sul-
phur (S), calcium (Ca) and phosphorous (P) in the spines around
the attachment organs (sucker) of four morphological types of dige-
netic trematodes and correlate the concentration and distribution of
these elements to the possible anchorage function of each type.
Data is evaluated statistically using SPSS program (ANOVA).

Materials and Methods

Adult Fasciola gigantica, Schistosoma heamatobium, Cynodiplosto-
mum azimi and Aporchis massiliensis were collected from the bile
duct of cattle, blood of albino mice, intestine of mice and intestine
of white-eyed gull respectively. Specimens were fixed in 70% ethy!
alcohol and dehydrated in ascending series of ethyl alcohol. Stand-
ard methods were followed to prepare each specimen for SEM and
X-ray microanalysis [11] which included critical point drying (CPD)
and mounting on SEM sample mounts using conductive double
sided carbon tape. Mounted specimens were gold coated for 30
seconds (approximate gold coating thickness of 20nm). Samples
were examined in a JOELJXA-840A electron microscope in combi-
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nation with INCA X-sight X ray analyzer. Samples were imaged at
30KV. EDXA scans were completed for triplicate specimens of the
spines around the attachment organ (ventral sucker of Fasciola
gigantica and Schistosoma heamatobium; oral sucker of Aporchis
massiliensis and pseudosuckers of Cynodiplostomum azimi) at
three regions (tip, middle and base) and the average was recorded.
Weight percent (wt %) of each chemical element for each digenean
at different regions was recorded [Fig-1] and analyzed for probabil-
ity using SPSS computer program.
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Fig. 1- X-ray Microanalysis of the tip of the spine around the ven-
tral sucker of Fasciola gigantica, showing chemical elements at
their KeV peak with the wt % of each element. The chart repre-
sents an example of 36 charts covering all spines region around
the attachment organ in the four encountered digeneans.

Fig. 2¢c- Tegumental spines around oral sucker of Aporchis massili-
Results ensis

The concentration of three chemical elements, namely sulphur,
calcium and phosphorus in the tegumental spines around the ven-
tral suckers of Fasciola gigantica and Schistosoma heamatobium,
pseudosuckers of Cynodiplostomum azimi and oral sucker of Apor-
chis massiliensis [Fig-2a], [Fig-2b], [Fig-2c], [Fig-2d] are demon-
strated in [Table-1] and [Fig-3].

In the spine of Fasciola gigantica, S had the highest concentration
followed by Ca then P. In Aporchis massiliensis, Ca was the ele-
ment of highest concentration followed by S, while P was absent.
In both Schistosoma heamatobium and Cynodiplostomum azimi, P
was the element of highest concentration followed by S while Ca
had the lowest concentration.

Fig. 2d- Tegumental spines around pseudo sucker of Cyndoplosto-
mum azimi

Highest concentration of S was detected in Fasciola gigantica fol-
lowed by Cynodiplostomum azimi, then Schistosoma heamatobium
and the lowest concentration was detected in Aporchis massili-
ensis.

Fasciola gigantica had the highest concentration of Ca followed by
Aporchis massiliensis then Cynodiplostomum azimi and the lowest
concentration was detected in Schistosoma heamatobium.

P demonstrated the highest concentration in Schistosoma heamat-
- = obium followed by Cynodiplostomum azimi then Fasciola gigantica,
Fig. 2a- Tegumental spines around ventral sucker of F. gigantica while no P was detected in Aporchis massiliensis.
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Table 1- Weight percent (wt%) of sulphur (S), calcium (Ca), phos-
phorus (P) in the tequmental spine around the attachment organ of
the four digenean species.

Element Species N MeantSD o Range'
Minimum Maximum
Fasciola gigantica 9 26889+1.14292 1.55 5.01
Aporchis massiliensis 9 0.3911+.24635 0.17 0.74

S Schistosoma heamatobium 9 0.4344+.14054  0.25 0.6
Cynodiplostomum azimi 9 0.4567+.08732 0.32 0.61
Total 36 0.9928+1.14263  0.17 5.01
Fasciola gigantica 9 2.0389+1.43741 0.68 4.96
Aporchis massiliensis 9 1.1833+£.32711  0.81 1.67
Ca  Schistosoma heamatobium 9 0.2333+.26029  0.06 0.8
Cynodiplostomum azimi 9 0.0456+.02186  0.01 0.07

Total 36 0.8753+1.08068  0.01 4.96
Fasciola gigantica 9 0.3722+.35280 0.04 0.96
Aporchis massiliensis 9 0.0000+.00000 0 0

P Schistosoma heamatobium 9 0.8111+.32797  0.39 1.28
Cynodiplostomum azimi 9 0.5156+.17016  0.21 0.76
Total 36 0.4247+.38374  0.04 0.96

One way ANOVA [Table-2a], [Table-2b] and [Table-2c] revealed
high significant differences in the concentration of the three ele-
ments between the four species under study.

Table 2a- Statistical analysis: Mean difference (P value) of EDXA
data of sulphur in tequmental spine around attachment organ.

A. massiliensis S. heamatobium C. azimi

F. gigantica

F. gigantica

A. massiliensis  2.29778'(0.000)

S. heamatobium 2.25444°(0.000) 0.04333 (0.877)

C. azimi 2.23222'(0.000) 0.06556(0.815) 0.02222(0.937)

Table 2b- Statistical analysis: Mean Difference (P value) of EDXA
data of calcium in tequmental spine around the attachment organ.
A. massiliensis S. heamatobium C. azimi

F. gigantica

F. gigantica

A. massiliensis  085556*(0.21)

S. heamatobium 1.80556*(0.000) 0.95000%(0.011)

C. azimi 1.99333*(0.000) 1.13778%(0.003) 0.1878 (0.598)

Table-2c¢ Statistical analysis: Mean Difference (P value) of EDXA
data of phosphorus in tegumental spine around the attachment
organ

F. gigantica  A. massiliensis S. heamatobium C. azimi

F. gigantica

A. massiliensis  0.3722*(0.004)

S. heamatobium 0.8111%(0.000) 0.95000%(0.011)

C. azimi 0.1433 (0.243) 0.51556*(0.000) 0. 29556 (0.200)

Differential Distribution of Sulphur, Calcium and Phosphorus
in the Tegumental Spines of the Four Encountered Species

The level of sulphur, calcium and phosphorous was determined for
spines around the attachment organ of the four digeneans in three
regions of the spine, namely the tip, middle and base [Fig-4].
[Table-3] shows that the distribution of S throughout the spine var-
ied in the four examined species. In both Fasciola gigantica and
Aporchis massiliensis, the concentration of S gradually increased
from the tip ill the middle region of the spine, then decreased to-
wards the base where it reached its lowest concentration. Howev-
er, the tip had a higher concentration than the base. In both Schis-
tosoma heamatobium and Cynodiplostomum azimi the concentra-
tion of S was high at the tip of the spine and decreased towards the

middle region then increased again posteriorly towards the base of
the spine. Moreover, the concentration of this element in the spine
base was higher than its concentration at the spine tip.

Concentrations of S, Ca and P in the spines around the attachement organ
in four digenean morphological types

Concentration%

1

Distome Echinostome Schistosome Holostome
ap 03722 0 08111 05156
mca 20389 1.1833 0.2333 0.0456
as 26889 03911 04344 0.4567

Morphological types

Fig. 3- Concentrations of Sulphur, calcium and phosphorus in the
tegumental spines around the attachment organs in the four dige-
neans.
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Fig. 4- Concentrations of of Sulphur, calcium and phosphorus in
different regions of the tegumental spines around the attachment
organs in the four digeneans.

Table 3- Weight percent (wt%) of sulphur (S), calcium (Ca), phos-
phorus (P) in the tip middle and base of the spine around the at-
tachment organ of the four digenean species

. Range
Organ Species N  MeantSD Minimum Maximum
Element - S
Fasciola gigantica 3 3.44672+.00 0.3004 7.1937
Aporchis massiliensis 3 0.2767+26 0.2387 0.3146

Tip Schistosoma heamatobium 0.5800+.57  0.537 0.623
Cynodiplostomum azimi 0.4667+£32 0.1064  0.8269
Total 12 1.1925+26 02335 2.1515

Fasciola gigantica 3 36767270 0.7931  6.5602
Aporchis massiliensis 3 1.51001£.33 1.0855 1.9345
Middle Schistosoma heamatobium 3 0.4833+.10  0.3979  1.3645
Cynodiplostomum azimi 3 0.0500+.04  0.007 0.093
Total 12 1.4300£.04 04425 24175
Fasciola gigantica 3 0.7700+.39  0.0475 1.5875
Aporchis massiliensis 3 0.3251+.00 0 0
Base Schistosoma heamatobium 3 1.1667+1.00 0.8004  1.5329
Cynodiplostomum azimi 3 0.5800+47 0.1896  0.9704
Total 12 0.6292+.00  0.3305  0.9278
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Table 3- Continue
Range
Minimum Maximum

Organ Species N  MeantSD

Element - Ca

Fasciola gigantica 3 21333155 0.3765 4.6432
Aporchis massiliensis 3 1.833+17  0.1454  0.2213
Tip Schistosoma heamatobium 3 0.4367+.33  0.1866  0.6867
Cynodiplostomum azimi 3 04600+39 02725 0.6475
Total 12 0.8033+.17 02194 1.3873
Fasciola gigantica 3 0.7833+68 0.5086  1.0581
Aporchis massiliensis 3 12167100 0.7050 1.7284
Middle Schistosoma heamatobium 3 0.1333+£.08  0.0159  0.2507
Cynodiplostomum azimi 3 0.0233+.01 0.0146  0.0613
Total 12 0.5392+.01 0.2094 0.8689
Fasciola gigantica 3 0.2567+20 0.0543  0.4590
Aporchis massiliensis 3 0.0000+.00 0.0000  0.000
Base Schistosoma heamatobium 3 0.7900+.57  0.2666  1.3134
Cynodiplostomum azimi 3 0580047  0.1896  0.9704
Total 12 0.4067+.00 0.1928  0.6205
Fasciola gigantica 3 248671192 0.6556 4.3178
Aporchis massiliensis 3 0.7133+66 0.5986  0.8281
Tip Schistosoma heamatobium 3 0.2867+.25  0.1289  0.4444
Cynodiplostomum azimi 3 04433t41  0.2999  0.5868
Total 12 0.9825+25 0.3637 1.6013
Fasciola gigantica 3 1.6567+1.06 0.3014 3.0119
Aporchis massiliensis 3 0.6233+.81 0.7854  0.8613
Middle Schistosoma heamatobium 3 0.0833+.06  0.0316  0.135
Cynodiplostomum azimi 3 0.0633+05 0.0346  0.092
Total 12 0.6567+.05 0.1984  1.1149
Fasciola gigantica 3 0.0900+.04  0.104 0.284
Aporchis massiliensis 3 0.0000+.00 0 0
Base Schistosoma heamatobium 3  0.4767+39  0.2837  0.6696
Cynodiplostomum azimi 3 05867+21 0.0366 0.8099
Total 12 0.2383+.00  0.0956  0.3811

The concentration of both Ca and P follow the same pattern, where
in both Fasciola gigantica and Aporchis massiliensis, both ele-
ments reached their highest levels at the tip of the spine and grad-
ually decreased posteriorly towards the base region where lowest
concentrations were recorded. No Ca and P were detected in the
spine base of Aporchis massiliensis. In both Schistosoma heamat-
obium and Cynodiplostomum azimi, the concentration of both ele-
ments was high at the spine tip and decrease towards the middle
region of the spine, then increase again towards the base region.
Likewise, their concentration at the base of the spine was higher
than that at the spine tip.

One way ANOVA was performed to detect differences in the distri-
bution of the three elements in the different spine regions in the
same [Table-4], as well as between the four examined species
[Tables-5], [Table-6a], [Table-6b], [Table-6¢].

Table 4- Statistical analysis: P value of EDXA data of S, Ca and P
in spine regions in the four encountered species

F. gigantica A. massiliensis S. heamatobium C. azimi
S Ca P S Ca P S Ca P S Ca P

0.397 0.008* 0.014* 0.000* 0.005* - 0.006* 0.1 0.005* 0.95 0.04 0.31

[Table-4] shows that there is a significant difference in the concen-
tration of both Ca and P throughout the spine regions in Fasciola
gigantica, S and Ca in Aporchis massiliensis and S and P in Schis-
tosoma heamatobium. No significant difference was detected in the
concentrations of the three elements within the different regions of
the spines of Cynodiplostomum azimi.

Table 5- Statistical analysis: P value of EDXA data of S, Ca & P in
tin, middle and base of spines in the different encountered species

Tip Middle Base Tip Middle Base Tip Middle Base
0.003* 0.000* 0.001* 0.006* 0.000* 0.001* 0.000* 0.000* 0.001*

Table 6a- Statistical analysis: mean difference (P value) of EDXA
data of sulphur in three regions (tip, middle and base) of spine
around the attachment organ

F. gigantica  A. assiliensis S. heamatobium C. azimi

Tip

F. gigantica

A. massiliensis ~ 3.17000*(0.001)

S. heamatobium 2.86667*(0.002) 0.30333 (0.637)

C. azimi 2.98000%(0.001) 0.19000 (0.767) 0.11333 (0.859

F. gigantica

A. massiliensis  2.16667*(0.003)

S. heamatobium 3.19333%(0.000) 1.02667 (0.074)

C. azimi 3.62667+(0.000) 1.4600* (0.019) 0.43333 (0.412
Base

F. gigantica

A. massiliensis  0.77000%(0.001)

S. heamatobium 0.39667*(0.039) 1.16667%(0.000)

C. azimi 0.19000(0.271) 0.5800* (0.007) 0.5867* (0.006)

Table 6b- Statistical analysis: mean difference (P value) of EDXA
data of Calcium in three regions (tip, middle and base) of spine
around the attachment organ

F. gigantica  A. assiliensis S. heamatobium C. azimi

Ti

F. gigantica

A. massiliensis ~3.17000%(0.002)

S. heamatobium 2.86667*(0.002) 0.30333 (0.637)

C. azimi 2.98000*(0.001) 0.19000 (0.767) 0.11333 (0.859

F. gigantica

A. massiliensis  2.16667%(0.003)

S. heamatobium 3.19333*(0.000) 1.02667 (0.074)

C. azimi 3.62667*(0.000) 1.46000*(0.019) 0.43333 (0.412
Base

F. gigantica

A. massiliensis  0.77000%(0.001)

S. heamatobium 0.39667+(0.039) 1.16667* (0.000)

C. azimi 0.19000 (0.271) 0.58000* (0.007) 0.58667* (0.006)

Table 6¢- Statistical analysis: mean difference (P value) of EDXA
data of Phosphrus in three regions (tip, middle and base) of spine
around the attachment organ

F. gigantica  A. assiliensis S. heamatobium C. azimi

Ti
F. gigantica
A. massiliensis ~ 1.77333" (0.000)
S. heamatobium 2.20000" (0.000) 0. 42667 (0.197)
C. azimi 2.04333 (0.000) 0. 27000 (0.400) 0.11333 (0.620

F. gigantica

A. massiliensis  0.83333" (0.006)

S. heamatobium 1.57333" (0.000) 0.74000 (0.011)

C. azimi 1.59333" (0.000) 0.76000" (0.019) 0.22302 (0.931
Base

F. gigantica

A. massiliensis  0.090 (0.309)

S. heamatobium 0.38667" (0.002) 0.47667°(0.000)

C. azimi 0.29667° (0.007) 0.38667" (0.002) 0. 0900 (0.309)

*The mean difference is significant at 0.05 level.
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[Table-5] [Table-6a], [Table-6b] and [Table-6¢] show significant
differences in the three chemical elements versus the there regions
of the spine in the four examined species.

In the tip and the middle regions of the spine, the concentration of
S, Ca and P showed a significant difference between Fasciola
gigantica and each of Aporchis massiliensis, Schistosoma heamat-
obium and Cynodiplostomum azimi.

The base region of the spine showed a significant difference in the
concentration of S between Fasciola gigantica and each of Apor-
chis massiliensis and Schistosoma heamatobium, also between
Aporchis massiliensis and Schistosoma heamatobium and
Cynodiplostomum azimi and between Cynodiplostomum azimi and
Schistosoma heamatobium. As regards Ca and P concentration,
there were significant differences between Fasciola gigantica and
each of Schistosoma heamatobium and Cynodiplostomum azimi,
and between Aporchis massiliensis and both Schistosoma heamat-
obium and Cynodiplostomum azimi.

Discussion

Trematodes have adapted in different ways to their microenviron-
ment within the vertebrate host. Hayunga [12] demonstrated that
life in this specialized habitat presents special challenges of expo-
sure to digestive enzymes, normal peristalsis, and host immune
response to infection and that the surface of the parasite should be
the first part of the organism to encounter such challenges. Mor-
phological adaptations of trematodes to their microenvironment
include modification of the tegumental surface that includes the
development of specialized attachment organs, such as the suck-
ers. The external surface of the tegument is associated with unique
ridges among which are dispersed spines that varies structurally in
different species. The shape, distribution, orientation and composi-
tion of the spines especially in the tegument around the suckers
help in understanding the anchorage mechanisms of such struc-
tures and their role in life enhancement of trematodes.

Sulphur, calcium and phosphorous are major elements in biological
molecules of all representatives of the animal kingdom. Further-
more, they are associated with the development and function of
helminthes hooks and spines [7-9]. Phosphorous aids in the for-
mation of bones and teeth along with calcium, it gives the hard-
ness, strength and rigidity to resist compressive forces. Carbon and
sulphur are main constituents of keratin which is the building com-
ponent of hair, horns, hooves, beaks, shells, nails, claws ... etc.

Gallagher [5] and Smith and Richards [6] studied the rostellar
hooks of cestodes referred to similarities with vertebrate keratin
and discussed the validity of using the term keratin to refer to ces-
todes hook material.

The detection of the presence and differential distribution of these
elements within the tegumental spines around the attachment or-
gans of digeneans inhabiting different habitats would add to our
understanding of the vital role of the spines as anchorage struc-
tures in life support of these parasites. This understanding will pro-
vide additional targets that can be exploid by chemotherapeutic
means. In addition and because these elements are present in
different concentrations in diverse helminthes, such information
might be helpful in understanding the relationship between digene-
an species by revealing the intra and inter-specific degree of simi-

larity and divergence of the chemical and physical composition of
these structures.

The present study was conducted to evaluate the levels of three
chemical elements: sulphur, calcium and phosphorus, using energy
dispersive X-ray analysis (EDXA), in the different spine regions of
four digenean species related to four morphological groups inhabit-
ing different habitats.

The pattern of element distribution showed significant specific char-
acteristics. In F. gigantica (distome type), sulphur had the highest
concentration followed by calcium then phosphorous, while in
Aporchis massiliensis (echinostome type), calcium concentration
was the highest followed by sulphur while phosphorous was com-
pletely absent. In S. heamatobium (shistosome type) and C. azimi
(holostome type), which follow the same pattern, phosphorous had
the highest concentration followed by sulphur then calcium.

The large size of F. gingatica that lives in narrow hostile bile duct
and C. azimi inhabiting the intestinal microhabitat which undergo
peristaltic contraction need both S and Ca to provide hardness to
the spines. On the other hand, the mobile coupled S. heamatobium
needs mobility rather than anchorage support, thus restrict the
need for hard spines.

The concentration of phosphorous was highest in the spines of S.
heamatobium followed by C. azimi then F. gigantica. The colar
spines of Aporchis massiliensis were free of phosphorous. The
high concentration of P in Shistosoma might be related to its habi-
tat <The blood>.

In the collar spine of Aporchis massiliensis, the very low concentra-
tion of sulphur with high concentration of calcium and absence of
phosphorous is unexplainable. However the high calcium concen-
tration fits well with the report of Klenchin et al. [13] who referred to
the presence of Ca*2 binding sites in actin monomers, which are
the subunits of the microfilaments and one of the three major com-
ponents of all cytoskeletons, in the collar spines of Echinostoma
trivolvis [14]. The collar spines of adult echinostomatids function
mainly in worm attachment to the host mucosa in addition to secre-
tion [15].

Differential distributions of the three elements throughout the
spines revealed that F. gigantica and Aporchis massiliensis follow
the same pattern and S. heamatobium and C. azimi share the
same pattern. In both F. gigantica and Aporchis massiliensis, sul-
phur increase from the tip of spine towards the middle regions
where it reaches its highest levels then decrease again towards the
base. On the other hand, sulphur in both S. heamatobium and C.
azimi has a high concentration on the tip and decrease towards the
middle region, where it has its lowest values then it increase again
and reaches its highest concentration at the base. However the
concentration of sulphur was high in the base than the tip.

Calcium and phosphorous had the same distribution pattern, in
both F. gigantica and Aporchis massiliensis, both elements
reached their highest concentration at the tip and gradually de-
creased throughout the spine till the base where the lowest con-
centrations were recorded. While in S. Heamatobium and C. azimi
the concentration of both elements decrease towards the middle
region then increase again to reach their highest levels at the base.
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Heckmann et al. [9] clarified that the calcium and phosphorous in
the acanthocephalan proboscis hooks form a rigid calcium and
phosphorous complex similar to the enamel of mammalian teeth
with disulphide bonds (cysteine) enhancing the structure. The au-
thors predicted that the less sulphur at the base of the proboscis
hook creat a more flexible area for the hook, while the high sulphur
content at the tip of the hook and along the edges is probably pol-
ymerized into a complex protein with disulfide bonds. They referred
to the important role of disulfide bonds in the stability of the protein
which is formed between the thiol groups of the amino acids and
added that cystiene and cystine are probably the main sulphur
containing amino acids for the hooks of Acanthocephala.

The functional significance of the variation in element distribution in
different parts of the spines in diverse digenean types is hard to
understand, but it is most likely related to the habitat richness with
these elements in addition to the ability of these digenean types to
metabolize and make use of these elements. The results revealed
clearly that high calcium and phosphorous concentration in the
spine tip of F. gigantica and Aporchis massiliensis makes for the
low sulphur and might represent components of calcium phosphate
that give the spine rigidity, the high sulphur concentration in the
spine body give rigidity and make for the decreasing calcium and
phosphorous content. The base is low and free of calcium and
phosphorous in Aporchis massiliensis is unexplainable, except if
this low elements concentration allows the spine flexibility to fit in
the host parasite interface.

Whether these variations are species specific or individual varia-
tions, necessitates evaluation of the element composition of a larg-
er number of species inhabiting different habitats, as well as study-
ing spines in different parts of the body and in different stages of
development of parasites.
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