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Abstract. The cuticle of the human pinworm was studied with histological and histochemical methods
and with the method of electron microanalysis. The results indicate that the cutiele is approximately
4 pm thick and that it consists of 8 layors: the outer and inner cortical layer, the intermediary layer,
the homogoneous layer, the outer, middle and inner fibrillar layer, the basal layer and the 0.1 pm
thick rofraclive layer on the surface. All layers pass without intorruption into the lateral cuticular
ledge. Acid mucosubstancos were demonstrated in the content of the anterior portion of the ledge.
Histochemically, the ledge represents a differentiated cuticular formation, ‘The presoeneo of proteins
with 8§ and SH groups and that of phospholipids was demonstrated in the euticle with histochemical
methods and studied in dotail with tho clectron microanalyser JXA-5 employing the method of
a microanalysis of the elements. Thie enabled the exact detection of substancos in tho content, and
showed the spatial distribution of sulphur and phosphorus in the ecuticle.

The euticle of small parasitic nematodes consists of three basic layers: the cortex,
the matrix (called also homogeneous layer) and the fibrillar layer (Inglis 1964). The
three basic layers may be subdivided into several layers; this depends on the body
measurements and the nematode species as pointed out by Mueller (1927), Watson
(1965) and Lee (1960).

In spite of the interest in the histological and histochemical structure of the cuticle
of various nematode gpecies, only Bogoyavlenskiy and Drynochkina (1967)
studied this subject and published a brief survey of the histological character of the
cuticle of Falerobius vermiculuris. In our opinion, some deeper knowledge of the
histochemistry of the cuticle of this nematode may help to solve various questions of
its biology and may also be useful in the search for effective anthelminties. and in the
identification of pinworm remnants in oxyuric granulomas.

MATERIAL AND METHODS

Our material was obtained from Sikl's Department of Pathology, Medieal Faculty, Plzef; from
the Centre of llygiene and Epidemiology, Prague, and from several persons with massive oxyuriasis.
Fresh matarial was colleoted from the morning stool of throo children before medication. Viable
fomales were fixed either immediately or transported in test tubes cooled in thermos flasks with dry
ico to the laboratory. For standard morphological and histological inspection female pinworms
were fixed in 10%, formol. For histochemical purposes, fresh material wae fixed for 24 hrs in either
formol (using Baker's method), or in neutral 5% formol; unfixod tissue was used for the preparation
of frozen sections. For electron microscopy, fresh material was fixed with n special fixative consisting
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of 6% glutaraldchyde and a 0.1Y%, solution (after Millonig) for 90 min. Standard histological
methods were used for cmbedding paraffin sections in paraffin and frozen scctions in gelatine. Very
good results were obtained in some histological reactions by using the method of faster embedding
of the tissue which, fixed with Baker, wus cleared with benzeno, dehydrated with absolute aleohol
and embodded in paraffin.

In addition to standard histological staining methods we used the following histochemiocal reactions:
PAS; PAS with acetylation; PAS with deacetylation; I3ost’s earmine; Alcian blue pH — 2.5; Alcian
blue with mothylation and domethylation; Halo’s method in Miiller's modification using colloidal
iron for the control preparations; Hale-PAS; 0.1 % toluidine blue for metachromic substances;
bromphenol blue; aqueous bromphenol blus for basic proteins; Morel—Sisley’s reaction for tyrosine;
Adams’ mothod with p-dimethyl-aminobenzaldehydo-nitrite (DMAB) for tryptophan; dihydroxy-di-
naphthyl-disulphide (DDD) for sulphydryl (SH) groups of proteins; eontrol ssctions were blockod
with N-sthylmaloinimide; dihydroxy-dinaphthyl-disulphide (DDD) with thioglycolic acid for disul-
phide (SS) groups; Alcian blue with performio acid (PFA AB) for disulphide groups; coupled tetrazo-
nium for tyrosine; dinitrofluorobenzene (DNF1) for BS groups; Sudan black B with hot chloroform
oxtraction; oil red 0; luxol blue with pyridine extraction.

For the special method of the microanalysis of clements in the cuticlo with the microanalyser
JXA-56 we used only fresh material fixed in either 109, neutral formol or 69 glutaraldchyde, or
unfixed material frozen at —26 °C [Noi (1968)]. The matorial employed consisted partly of whole
ferales, partly of extracted cuticle. For embedding we used paralfin, gelatine. For eutting longitu-
dinal and transverse soctions (thickneas 3 to 30 pm) we used the frigistor microtome and the micro-
tome MSE. The sections were glued to specinl short quartz slides coversd with a thin layer of glue
Durofix, or with a fine film of golatine, or they were placed onto a thin stripe of Seotch tape. Dopar-
affined and dehydrated paraffin sections and dehydrated gelatino sections were covered with a
200 A thick layer of Au and C in a vacuum to he used for spectral micro analysis. The intensity
of the spoctral lines Sk alpha and Pk alpha were recorded on the viewing sereen of the cathode-ray
tube, their wave length was determined with a crystal x-ray spectromoter. The best image of the
surface of the cuticle was obtained from tissue fixed with formol, or from unfixed tissue frozen at
-25 °C, stretchod cither on Scotch tape or sectioned on the frigistor microtome, Metal-coating of tho
tissuo had also to be perfomed at -25 °C (Nei 1989). Photographs from the eathoderay tube of the
electron microanalyser wore laken with an ASAH-PETAX camora on 20 Din ORWO cine-film and
treated with standard techniques.

RESULTS

a) THE MORPHOLOGY OF THE CUTICLE OF ENTKROBIUS
VERMICULARIS

The cuticle of the pinworm consists of several layers, as does also that of other
nematode species, and its surface is divided by grooves into rings. These are visible
in longitudinal sections and are mostly narrower in the middle part of the ventral side
of the body than in the dorsal side; this may be in accord with the physiological bending
of the worm 1o the ventral side after isolation from the intestine. The width of the rings
on the ccphalic and tail end of the body, however, is the same both dorsally and vent-
rally. In most of the histological staining methods, the proper surfuce of the cuticle
differs more in its refractive properties than in specific staining (Fig. 1). The thickness
of this superficial layer (A) is always below 1 pm. The cortical layer (B) following the
superficial layer is generally subdivided into an outer layer (B)) and an inner layer (B,).
On a stretched dorsal surface of the body, it is sometimes difficult to distinguish the
annulation in longitudinal sections, because the grooves are very shallow and seem to
be extended only as far as the outer cortical layer, while the inner cortical layer lies
uninterrupted ander the shallow grooves. In longitudinal scctions the cortical layer is
thickest in the centre of the ring and attenuates towards both ends. The maximum
width of the outer cortical layer is 0.6 pm in the centre of the ring, while the correspond-
ing part of the underlying inner cortical layer attains almost 1 pm. The intermediary
fibrillar layer (C) is situated betwecen the cortical and the homogeneous layer. The
homogencous layer (D) (width 1.6 pm) proceeds as an almost equally wide stripe
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similar as the fibrillar layer (E, ¥, G) (width 1.5 pm). The ventral side of the cuticle
is bordered by a distinet limiting membrane (H) of approximately 0.1 pm in thickness.
Under the cuticle is also a hypodermis and a muscle layer of an ununiform thickness
similar as that in the layer of parenchymatous tissue, which forms an irregular layer
under the musele cushion of the wall and establishes the communication between the
body wall and the internal organs. The grooves in the cortical layer of a densely folded
wall (Fig. 2) are relatively deep in the ventral side close to the opening of the genital
organ extending almost Lo the homogeneous layer. The refractive properties of the super-
ficial layer covering the surface of the rings and grooves remain. however, unchanged
and the layer is of an almost uniform thickness (0.1 um). At this functional state of the
cuticle, the outer cortical layer is thinnest in the centre of the ring and thickens towards
both ends. The same situation occurs in the inner cortical layer which is elevated at
both ends. The outer cortical layer is slightly thinner in the centre of the ring (ap-
proximately 0.5 um) similar as in the centre of the ring of the inner cortical layer
(0.5 um), because the main bulk of the cortical layer is forced towards the groove.
An undulation of the course of both the intermediary and the homogeneous layer is the
natural consequence of these conditions; the thickness of these layers, however, is 1.6 um
and that both under the centre ol the ring and under the groove. Also the fibrillar layer
being compressed in the part facing the centre of the ring showed an undulated course
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Fig. 1. Reconstruction of the cuticle of Enterobius vermicularis; the extension of the wall is normal
in the longitudinal secction. The cortical layer coverod by a superficial layer is divided into rings by
grooves. These penetrato the complete outer cortical luyer, but affect only moderatoly the inner
cortical layer. An intermediary layer visiblo only with ocertain staining methods, lies between the
slightly undulated homogeneous layer and the cortex. The three fibrillar layer-—the outer, middle
and inner layer—are borderad by a basal membrane.

Key to lettering of figures: A — superficial layer; B — cortex; B, — outer cortical layer; B; — inner
cortical layer; C — intermediary layer; D — homogenoous layer; E — outer fibrillar layer; F — middle
fibrillar layer; G — inner fibrillar layer; H — basal membrane; Ch — branching of the outer fibrillar
layer into the latoral ledge; I — matrix of tho ledge; J — homogeneous layer in the distal portion
of the ledge; KK — ribbonlike fibrillar layer in the basal part of the ledge; I. — homogeneous fibrillar
layer in the basal portion of the lodge; M — inner fibrillar layer in the basal portion of the ledge
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Fig. 2. Reconstruction of a densely folded cuticle on the ventral side of the body close to the vulval
opening. The grooves in tho cortical layer are deep touching nlmost the homogeneous layer. The
outer cortical layer is narrowost in the centre of the ring and thickens towards the margins as does
also the inner cortical layer. The course of both the homogenoous and the fibrillar layer is undulated.
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and an ununiform appearance; it attained a thickness of over 4 pm, being thinner under
the groove (approximately more than 2 pm). The limiting basal membrane adapts its
course to that of the fibrillar layer. Extremely undulated is also the course of the hypo-
dermis, but the musculature and the parenchyma of the body wall are not affected by
this functional state.

In a transverse section throught the worm (Fig. 3) the superficial refractive membrane
showed up very clearly. The thickness of the cortical layer varied in relation to the shape
of the body and it was difficult to dinstinguish the inner and outer cortical layer.
The measurements of the homogeneous and fibrillar layers were similar to those ob-
served in a longitudinal section through the stretched cuticle. The character of the basal
membrane remained unchanged. The cuticle changed at the site of cntrance into the
lateral cuticular ledge (Fig. 3) which, in the adult female, attained a general height
of 30 pm. Tts surface is formed by a layer of medium thickness (17 um) and into it
enter both the cortical layer (B) and the homogeneous layer (D). Considerable changes
were observed in the fibrillar layer which enters the ledge and differentiates in its inner
content. In one portion of the content of the lateral ledge, leading from the margin
toward the centre, we distinguished an area of about 17 pm with a different matrix (I),

Fig. 3. Reconstruction of the lateral cuticular lodge and tho cuticle in transverse sections, The ledge
is oovered by a superficial layor and by an undifferentiated cortex. Tho inner contont of the ledge
consists of an upper portion formed by ouler fibrillar branches and a matrix, and of a distal portion -
formoed by the homogensous layer, The basal part of the ledge consists of three fibrillar layer: the
middle ribbonlike Inyer, the homogeneous layer and the inner layer.

into which entered and branched refractive fibrils (Ch), apparently from the distal
border of the homogeneous layer (Fig. 3). It is possible that these fibrils belong to the
superficial (outer) fibrillar layer, which is only little differentiated outside the area of
the lateral ledge. The content of the distal portion of the lateral edge is formed by the
homogeneous layer (J) which is 5 pum thick and has no distinet structure. The homo-
geneous layer is followed by a ribbonlike undulated layer (K) attaining up to 2 pm
in thickness; the structure of this layer is different and it may be considered to be the
swollen and undulated middle fibrillar layer, hecause the upper half of the fibrillar
layer situated at the side of the ledge passes smoothly into it. In the middle of the ledge,
an almost 1 pm thick homogeneous layer (L) of the content separates the extended,
3 wm thick, basal layer, which receives the distal half of the fibrillar layer around the
ledge. This layer appcars to be the swollen inner fibrillar layer (M). The cuticle is bordered
by a limiting basal membrane (H) which is uniform in its thickness even in the arca
of the ledge and, hence, confirms that tho lateral ledge is a differentiated cuticular
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formation. In younger females with a not fully differentiated genital organ, the lateral
ledge is smaller. Its height attains about 20 pum, its surface is formed by a layer of
10—12 pym consisting of a cortical and homogeneous cuticular layer.

b) THE HISTOCHEMISTRY OF THE CUTICLE
OF ENTEROBIUS VERMICULARIS

As regards its histochemistry, the cuticle is a highly differentiated organ as indicated
by the results of histochemical reactions (Tables 1, 2). The superficial layer differs
histochemically from the cortical lJayer more in its refractive than staining properties.
In almost all reactions in which the inner cortical layer stains positively, the staining
of the superficial layer is more intensive with a specific refraction of light. This layer
as demonstrated in the tables (Tables 1,2) consists of a scleroproteid with a high
content of cystine and has a high refraction index. This was confirmed by reactions
which demonstrated an accumulation of SS and SH groups of proteins (Plate I, Figs. 1,2)
bonded by the present neutral lipids. With methods reacting to the presence of acid
mucosubstances, the refractive index of the feebly stained superficial layer was increased.
It was not always possible to demonstrate with histochemical methods the division
of the cortical layer into an outer and an inner layer. In extremely extended tissue,
these layers could not be distinguished particularly with methods for proteins with S8
and SH groups, in which the stammg of the superficial layer was identical with the
staining of this layer in a cuticle in which the cortical layer was clearly differentiated
into an outer and an inner layer. In a densely folded wall, the outer cortical layer did
not stain with methods for proteins with SS and SH groups, while the inner cortical
layer reacted positively to these methods. Also a certain amount of lipids (Plate I,
Fig. 3) and especially phospholipids, was found in the inner cortical layer. Neither
acid mucosubstances nor several amino acids (arginine, tyrosine, tryptophan) could be
demonstrated in the cortical layers. A thin differentiated intermediary layer, sometimes
appearing as if consisting of fibrils, was demonstrated with several methods between
the cortical and the underlying homogeneous layer. The staining properties of this
layer were similar to those of the middle fibrillar layer in some methods only (Table 1).
The presence of neutral polysaccharides and tryptophan was indicated by the results
of histochemical reactions. The fibrillar structure in the intermediary layer did not
stain with Gomori’s mothod and, therefore, its fibrils seemed to be of the collageneous
type as suggested also by the PAS positive reaction. The homogeneous layer was
demonstrated with several histochemical reactions independent on the functional state
of the cuticle. The appearance of this layer was that of a moderately undulated stripe
characterized by the presence of a high amount of tyrosine and arginine and a smaller
amount of acid mucosubstances. There was also present a minute amount of lipids, but
no proteins with 8S and SH groups. This layer was followed by threc fibrillar layers,
the outer, middle and inner fibrillar layer. The outer and inner layer contained a high
amount of reducing substances which, with impregnation methods, are responsible for
the black staining. Apart from the middle layer, the presence of proteins with an
accumulation of SS groups was demonstrated in these layers; their intensity how-
cver, was less high than thal in the surface and the cortex of the cuticle. Of the
amino acids we found a small amount of tyrosine and arginine. By contrast to the
middle layer, which was found to be highly PAS positive and to contain tryptophan,
neither tryptophan nor polysaccharides were found in the remaining two layers. All
other histochemical methods referred to in the foregoing text gave a negative reaction
in the middle fibrillar layer. Silver-reducing substances and lipids were found in the
basal membrane.



The results of the histochemical reactions of the cuticular ledge are shown in Table 2.
The character of the superficial layer remained unchanged and histochemical reactions
are the same as those in the remaining parts of the cuticle. The staining properties
of the cortical layer are similar to these of the cortex of a cuticle in which some methods
are unable to disclose the differentiation of this layer into an outer and an inner cortical
laycr. The ounter superficial layer and the cortical layer appear to be formed by a sclero-
proteid with a high content of SS and SH groups. The matrix of the lateral ledge is
penetrated by fine branching fibrils from a fibrillar layer (Plate I, Fig. 4) and these
react to methods demonstrating proteins with SS groups and amino acids (tyrosine and
arginine) and contain also a small amount of silver-reducing substances. This layer,
however, could not be demonstrated with any of the remaining methods. The basic
content of the superficial part of the cuticular ledge consisted of acid mucosubstances.
The underlying homogencous layer consisted mainly of tyrosine, arginine and a certain
amount of mucosubstances. The basal portion of the ledge was formed by a ribbonlike
fibrillar layer with a dominance of reticular fibrils similar as in the inner fibrillar layer of
the cuticle (Plate I, Fig. 3). Both layers reacted feebly for tyrosine and arginine, and

Table 1. Results of histological and histochemical reactions in the cutiele of sexually maturoe fomalea

; ! ‘ :
ia | Outer | Inner | Flbrlll'lt " Plbrillar layers {
Muthods s"ﬂ’;gf c‘::,l:: . "’“!:;lf:l ml;ha;w layer - ==y me]:JnnI:::nn
‘ layer outer | middle | mner |

Sudan B ++4++ - - - +(+) + — + | black
Luxol blue - - 44+ — g = - . -
PAA AF 444 - + 44 | ++ blue + blue = = | =
PFA AB R 4 — ~ - e - ++ | -
DDD (SH) +++(+) - ++ - - - - - -
DDD (SS) ++++ - +++ | a = L ++ - s -
Morel Sisloy - - - - F44 |+ - ++ -
DMAB - - - e - - 44 - - |
TK - - - - 4 44 - ++ -
Sakaguchi - - - - Aot + - + - I
DNFB ++ — + - - + -t o+ -
Bromphenol - | i
blue - S 4 - ++ + e + -
Gomori - - | ++(+) - - el = B -+
Gomori-PAS - ~ | black | pink gray bluo | red | black -
PAS - - - ++ - - P e - -
PAS -saliva - - - - - - - - =
PAS-
acotylation - - - - - - = - -
PAS. j
deaacetylation - - - red = - red — —
AB pll 2.5 refraction| - - - +? + - + -
AB.
methylation - - - — = - = - | =
AB.
demothylation blue | = = - light blue + o=+ =
Hale blue | - - - bluish green - | - - -
Toluidin j !
bluo bluo - — - violet = = - -
Mallory PTAH - - blue - red red - red -
Van Gieson - - - - pink red - rod -

++++ strongly positive reaction, +++ positive reaction, ++ modorate reaction, + weak rcaction
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Table 2. Histological and histochomical reactions in the cuticular lateral ledge

T - ]
Superficial layer Inner content of the ledge Basal portion of the ledge
middle inner
Methods e mte[rll:rr distal
Iayer cortex gtl:ll:iuun matrix lmt;gﬁnuzom ﬂ:gﬂ',uhlﬁe honu:. Sciliar
I layor | layor | laver
]
Sudan B . -+ - ' +(+) - - -
Luxol blue - T - + - - -
PAA-AF bt +++ | blue ++4 - - B +
PFA AB -+ +++ | blue +++ - G - 1
DDD(S8H) ++ 4t - — - - -
DDD(88S) +hi4 +4+ red ++ - | At - +
Morel Sisley - B - R e 4 - +4
DMARB - - - - - ot -
TK - - ++ ottt -+ | - ++
i - - + s + - -
DNFB ++ + - - - - -
Bromphenol
blue | - + | + ++ + - -
Gomori - e + - +++ - ++4
¢ Gomori-PAS - black gray gray black red black
PAS - - - - - 4 -
PAS-saliva = = = = = & -
PAS-
acetylation - - - - - - -
AB pH 2.5 refraction - - 4ttt - -+ -
Halo blue ++ - - +4+44+ | bluish green ~ - =
Toluidine blue | rofraction - - e violet - - -
Mallory _ - - - - red rod - red
Van Gieson ' - - - - pink rod - red

the presence of proteins with SS groups was also disclosed mainly in the ribbonlike
layer. The presence of lipids and acid mucosubstances could not be confirmed. The
middle homogeneous layer situated in the basal portion of the ledge contained trypto-
phan and neutral polysaccharides.

Employing the physical method of electron microanalysis, we observed on the screen
of the cathode-ray tube in a tangential section through the surface of the cortical layer
an image of in!crchanging rings and grooves, On the stereoscopic image (Plate II,
Fig. 1), the centre of the rings was light and eclevated above the surface, the margins
of the rings, and the grooves were dark and sunken between the rings. The grooves
appeared to be of a finer structure, this being in accord with the histological and histo-
chemical structure of the cortical layer. Measurements of the intensity of the spectral
line with the x-ray spectrometer disclosed that this was the spectral line of sulphur
(Sk alpha); we studied, therefore, the spatial distribution of sulphur. The passing heam
of light marked spots of light on the cathode-ray tube indicating the distribution
and density of sulphur atoms (Plate 1I, Fig. 2). As evident from Fig. 2 the spatial
distribution of sulphur in the cortical layer is not uniform being denser in some parts
and less dense in others. The distribution of sulphur in these parts seemed to be consis-
tent with that in the rings and around the grooves between the rings, i.e., the density
of sulphur was higher in the more massive parts of the rings, lower in the grooves
and the parts adjoining the rings. Mcasurements of the intensity of the spectral line
performed with the x-ray spectrometer in a tangential section disclosed also a minute
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amount of phosphorus in the cortical layer. From the same section we obtained a ste-
reoscopic image (Plate I1, Fig. 3) and an image of the spatial distribution of phosphorus
and a lineal scan showing minimum and maximum values of the phosphorus content.
The presence of a minimum amount of P in the rings of the cuticle and a higher
amount of P’ in the grooves of the cortical layer was signalized by spots of light. It is
of interest that even the maximum amount of phosphorus was considerably lower than
the values of sulphur (Plate II, Fig. 4). The diagram of the lineal distribution of P
indicated always the presence of two curves showing the maximum in the grooves;
the same situation seemed to occur with the content of phosphorus present in the
contact areas between the rings and the grooves. It seemed most probable that phos-
phorus was not present in the rings of the cortical layer (Fig. 4).

Fig. 4. A lineal analysis of phosphorus in a longitudinal section through the cortical layor. The
miorograph indicates clearly thal the maximum oeccurs always at the site of transition of the rings
into tho groovos, its minimum in the peaks of the rings and grooves. (X 4.170; the height of the
frame has an intonsity of 10 cps).

DISCUSSION AND CONCLUSIONS

The pattern of the cuticle as indicated by our findings is that: A superficial refractive
membrane covers also the grooves; it is generally 0.1 pm thick. The grooves in a mode-
rately stretched wall are 1.5 pm deep and responsible for the annulation of the cortical
layer. The cortical layer is 1.3 pm thick under the centre of the ring. Its division into
an outer and inner cortical layer is similar to that in rings of a extremely bent wall.
A dilferent non-homogeneous layer could be revealed by several methods in the bottom
part of the cortical layer; this was higher under the centre of the rings and very at-
tenuated under the grooves. This ununiform intermediary layer between the cortical
and the homogeneous layer could frequently not be distinguished with various staining
methods. It may well be that this layer is not differentiated in all parts of the body.
The homogeneous layer and the underlying fibrillar layer are 1.5 pm thick. The ununi-
form character of the fibrillar layer was revealed with several staining methods. The
distal border of the cuticle is formed by the basal layer (thickness 0.1 um). The average
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thickness of the cuticle in a normally extended wall is about 4 ym. According to Bo-
goyavlenskiy and Drynochkina (1967) the cuticle of the pinworm consists of
6 layers, i.e., the outer and inner cortical layer, the homogeneous layer, the “lamellate”
layer, the basal layer and the basal membrane. The authors studied the division of the
cuticle in histological sections stained with haematoxylin eosin and ferric haematoxylin
only. This explains why they did not observe layers of different staining properties
such as the superficial layer and the intermediary layer between the cortical and the
homogeneous layer, which stain with special methods only. The thickness of the cuticle
as recorded by these authors (2.4—2.6 um) is approximately the same as that measured
by us in a transverse section through the worm’s body, but is slightly thicker than the
cuticle of the dorsal side, which is extremely stretched and in which the grooves are
shallow. In a longitudinal section through a normally stretched cuticle, its thickness
was 4 pm, but slightly higher in, e.g., the vulval arca on the ventral side of the
body. The “lamcllate” layer referred to by the two authors appeared to be highly
argirophilic in our observation. This suggests that the fibrils of this layer are of
the reticular type, this being particularly noticeable at the point of entrance of
the outer layer into the inner content (matrix) of the ledge. Between this outer
fibrillar layer and the inner layer of the same composition lics a histochemically
differentiated intermediary layer forming the afore mentioned homogeneous layer in
the basal part of the lateral ledge (Fig. 3). We compared our results with those obtained
by other authors who had studied the structure of the enticle of different nematode
species (Inatomi et al. 1963, Inglis 1964, Lee 1965, Anya 1966) and agree with
Inglis (1964) in that the general structure of the cuticle of various nematodes was
always a variation of the dscaris type. This concept is acceptable also as regards the
histochemical structure of the pinworm cuticle. The accumulation of SS and SH groups
in the cortical layer of the cuticle of E. vermicularis was observed also in the cuticle
of other nematode species by, e.g., Brown 1950; Carbonell and Apitz 1961; Naga-
gsawa 1961; Watson 1958; Slais 1964. A similar situation oceurs with the charactor
of the fibrillar structure in the librillar layer of the pinworm cuticle. In its histochemical
rcaction, it resembles fibrils of the collagencous and reticular type described from Ascaris
and other nematodes by Lee (1965), Johri and Smyth (1956), Monné (1955), Naga-
sawa (1961) ete. The identification of pinworm remnants in pathological material, e.g.,
oxyuric granulomag, has to be based on a sound knowledge of the histology and histo-
chemistry of the pinworm’s cuticle. Our knowledge obtained from a detailed study
of the histology and histochemistry of the cuticular ledge which has not been described
as yet in the literature, may help to elucidate this problem. The inner content of the
ledge, the matrix, contains a large amount of acid mucosubstances. This fact was
observed by Slais (1964) when diagnosing pinworm remnants in oxyurie granulomas.

The method of a microanalysis of the elements with the electron microanalyser
JXA-5 has not been used before in Czechoslovakia on biological material. We arc
convinced that the employment of this method will disclose new information on the
surfaces of the tissue in the stereoscopic image, and on the content and spatial distribu-
tion of minute amounts of elements present in the chemical compounds forming the
tissue. The spatial distribution of sulphur in the cortical layer, which is very uneven,
suggesis the dependence of this distribution on the morphological structure of this layer
which may vary in the individual nematode species. The annulation of the cuticle of
Enterobius vermicularis is far from being uniform, but the thickness of the outer and
inner cortical layer in which sulphur has been found, does not change. This indicates
that the high amount of eystine disclosed with histochemical methods by numerous
authors, refers mainly to the cortical layer in the middle of the rings and not to that
in the grooves between them; in these, hardly any cystine was detected with the
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method of microanalysis and also the thickness of the outer cortical layer was minute.
Phosphorus was confirmed in the grooves in spite of the fact that the amount of P
was minute; it was present mainly in the contact arcas, i.c., at the point of entrance
of the rings into the grooves. This suggests the presence of a certain low percentage
of phospholipids in the cortical layer, which were confirmed histochemically also by
Anya (1964).
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KOBOI'O 7104, TPOMEKYTOMHOIO €105, OAHOPOTHOND (JI0f, RHEHIHETO, CPe;THeI0 It RHYTPRHHero
PuOpIILL13 pHOrO CJI0H, OCHOBHOT'O €103 i NPEA0MIHIONIEI0 CHCT C10H Hit OBCPXHOCTH, TOS 1L AHOM
0,1 uM. Bee caon nepexognT B narepathHLIN 1;yrm:_\f.1n‘)uuii BueTyn. B codepagumMoM nepenuci
HacTH l.llsll.‘."r.\‘ll.'l 06!“! p)‘muuu KUeILe M_Yl((l(‘.yrll'.'l‘ilﬂl'[llﬂ. HCTOX HMUIOC KW BI-I!‘T.VII npejerasaaer
c00010 Jundrpepenitnposanioe KyTHKywipaoe oGpasopaune. Hayumme Oenxos ¢ rpynmasi na-
cyanpmios (58) n cyaudrugpuaocs (SH) n maamume Qocomnmyios npoaeMoucTpipoBao
B KYTHIY.1¢ IACTOXNMIMCCKIM TTYTCM M H3YUeHO 10 NOPONHOCTEH ¢ LHOMOITLIO 2ICKTPORHOrD
MUKpoa B nanTopa JXA-D, ¢ HpIMeHCHHEeM METOIH MUKDPOAHU.IM34 dIeMeHTOR, Takum 06p i3om
MOZKIO Do TOMTHO OONAPYIKNTE cyOCTANIME B CONCPIKHMOM M HOKA3aTh NPOCTPaHCTBEALHOC

pactipejieacnne ceprr it poedopn n KyTHEYITR.

REFERENCES

ANYA A. 0., The diwstribution of lipids and
glycogen in some female oxyuroids. Parasi-
tology 54: 555566, 1964,

~=, The structure and chemical compositon of the
nematode cuticle. Observations on some
oxyurids and Ascars. Parasitology d6: 179
to 108, 1966.

BOGOYAVLENSKTIY YU. K., DRYNOCH-
KINA Z. V. (Comparative histological
studies on the cuticle of some oxyurids).
Matorialy k nauchnoy konf. Vsosoyuzn. ob-
shchestyva gelmintol, Docember 1967, Part I,
(In Russjan.)

BROWN (. 1., A review of the mothods avail-
able for the determination of the types of
forees stabilizing structural proteins in anim-
als. Quart. J. Miecrose. Sei, 91: 331—339,
19560,

CARBONELL s M., APLTZ C. R., Sulphydry]
und disulphide groups in the enticle of Ascaris
lumbricoides var. suis. Exp. Parasit, 10: 263
to 267, 196].

INATOMI 8, SAKUMOTO D., KANO K.,
TANAKA H,, Studies on the suhmicroscopic

14

sbrueture of body surface of larval nematodes.
Jap. J. Parasit. 12: 16—39, 1963.

INGLIS W, G., Tho structure of tho nomatode
cuticle. Proe. Zool. Soe. Lond. 143: 465 502,
1964.

HALIK A, J., The histochemistry of polysaccha-
rides. Int. Rev. Cytol. 6: 193 263, 1957.
JOHRI L. N,, SMYTH J. D., A histochemical
approach to the study of holminth morpho-

logy. Parasitology 46: 107—116, 1956.

LEE D. L., The distribution of glyeogen and fat
in  Thelostoma bulhoesi (Magalhaos, 1900)
a nematode parasitic in cockroaches, Parasi-
tology 50: 217—259. 1960.

—, Tho cuticlo of adult Nippostrongyius brasilien-
sis. Parasilology 65: 173 —181, 1965,

MOXNNE L., Ou the histochemical properties of
the egg envelopes and oxternal cuticles of
some parasitic nomatodes. Arch. Zool. 9: 93
to 113, 1455,

MUELLER J. F., The cuticlo of the Nemathol-
minthes. J, Parasit. 14: 131, 1927,

NAGASAWA T., Studies on the structure of the
cuticle of the roundworms Ascaris lumbri-



coides and its dynamic significance. Arch.
histol. Jap. 21: 469—489, 1961,

NEI T.., Morphological observations of froeze-
dried specimens with the scanning eolectron
microscope. Jeol News 7B, 1: 21— 24, 1969.

SLATS J., Histochomistry of tissue resorption of
experimentally implanted pinworms. Us. pa-
rasit. 11: 263—271, 1964.

Received 5 August 1471,

FOLIA PARASIIOLOGICA (PRAIA)Y 20:15, 1073,

——— ——————— - S

WATSON B. D., The fine structuro of the body
wall and growth of the cuticle in the adult
nematode Ascaris lumbricoides. Quart, J,
Microscop. Sci. 106: 83—91, 1965,

WATSON M. R., The chemical composition of
earthworm cuticle. Biochem. J. 68: 416—420,
1058,

D. H., Parasitologicky tstav CSAV,
Flomingovo n. 2, Praha 6, CSSR

UNUSUAL FINDING OF LARVAL STAGES OF THE CESTODE
HYDATIGERA TAENTAEFORMIS (BATSCH, 1786) IN THE

PHEASANT

0.4 mm

pr— —

Cysticerei of the eestode family Vaenidac,
recoveredl [rom % pheasants by Dr, Lipova,
Distriet Diagnostic Voterinary Institute, Kar-
lovy Vary, during parasitologieal imvestigatinns
1 West-Bohemia were sent to our Institute for
icdlentification. The speeies  concerncd  was

Strobilocercus fascivluris, the larva of tho cestode
Hydatiyern taeniacformis (Batsch, 1786), Tho
gtrobilocerci were placed in oval or spherieal
bludders, diameter 6 —9 mm. Length of larva
from 4-—7 em. Diameter of seolex from 1.6
1.8 mm; four suckers, dinreter 0,420 —0, 460 mm.
Rostellum armed with 28— 30 hooks arranged
in two rows. Length of hooks of the first row
0.440—0.462, of the socond row 0.280—0.292 mm
The number, shape and measurements of the
hooks coincides with the data given for this
speciecs by K. I. Abuladze (in: Taeniids—
tapeworms of animals and man. Ognovy cesto-
(fnh-gii, T. 1V., Muscow 1864, pp. 1—530, in
Russian). The finding of these cestode larvae in
birds is very surprizing. According to Abul-
adze (1964), tho intermodinto hosts utilized
by this ccstode spocies ore, generally, rodents
of the fumihes Muridae and Cricetidae and,
very exceptinnally, cat and gibhon. The utiliza-
tion of birds as inlermedinte hosls of the cestode
Hydaligera taeniaeformis has not been recorded
as yet in the lilerature, The presence of strobilo-
corci in the pheasunts is exceplional; evidently,
these birds had cume into contact with a large
number of mature cestodo eoggs, which do-
veloped in their livers into mature strobilocerci.

B. RYSAVY, Institute of Parasitology,
Czochoslovak Academy of Sciences, Praguo
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Plate 1

Fig. 1. Domonstration of eystine in tho cortical layor of the cuticle in & longitudimal section with the
PFA AB method. The superficial lnyer and the cortex stamed a bluish green and so did foebly also
the fibrils of the outer and mner fibrillar layer (< 1,000).

Fig. 2. Demonstration of 88 groups of proteins with the ’FA AB method in the cortical layer on
a tangential seetion ( » 600).

Fig. 3. Demonstration of lipids with Sudan black B in a transverse section through the cuticular
Iateral ledge. The branches of the fibrillar layer between the cortical and homogeneous layer are
visible in the inner contont of the ledge { x 1,000)

Fig. 4. The lateral cuticular ledge with the superficial cortical layor and the inner content, stained
with PAA AF (x 1,000).
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Plave 11
Fig. 1. Tungential section through the superficial cortical layer studied with the eleetron miero-

anulysor JXA-5. (Secondary electrons; direets magnification 2,500 x ; accelorating voltage 16 kV:
current intensity 110 2 A: metal-coating C). The sereen of the eathode-ray tube showed the curienlar
rings and grooves. ‘The light stripes in the image represent an increased contont of sulphur. The dark
stripes illustrate the transition of the cortieal layer of the rings into the grooves,

Fig. 2. The spatial distribution of sulphny studied in the snme section showed the higher donsity of
sulphur in the rings and, partienlarly, in their middle parts, The density of sulphur was lower in the
margnml paris of the rings. (Crystal PET: line Sk alpha; diroct magnifiecation 2,600 : metal-
coating C, curront intensity 3. 10-* A; acccloratimg voltage 17.5 kV).

Fig. 3. Stercoscopic image of a tangential section through the cortieal layer inspected for the presence
of phosphorus, (Mctal-conling An, direct magnification 4,170 > ; current intonsity 3. 10 % A; ab-
sorption electrons 20 KV).

Fig. 4. Spatial distribution of phosphorus in a tangential section through the cuticle. Spots of hght
indicato the feeble distribution of I' aloms at the sites of the grooves. (Direct magnification 4,170 ~ ;
current intonsity 3 . 10°% A),



