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Abstract. The structure and distribution of the sense organs of the head and the tail of two day-old
Trichinella species (females) have been determined by transmission (TEM) and scanning (SEM)
electron microscopy. In both species occur 16 cephalic sense organs, which contain three modified
dendritic processes, in addition to the amphids. The nerve cell bodies are situated in the area above
the nerve ring. The amphid contains ten dendritic processes. The sense organs open to the external
environment by pores through the cuticle. Above the bulbous tip, the dendritie processes are surroun-
ded by hypodermal cells. They enter posteriorly the pseudocoelom and join in subventral, subdorsal
and two sublateral nerves, with transparent nuclei, in the area above the nerve ring. The distribution
of the sense organs of larvae from the muscles and from the uterus is similar to that of the adults.
The dendritic processes are short, most of their distal chamber is compacted with a dense, filamentous
material. The rectum in the tail end of the female is innervated from the dorsal gangliom composed
by multipolar cells with numerous dendrites and a single axon. Close to the excretory pore occurs
a hemizonid which consists of six to eight dendrites and is situated between the hypodermis and the
muscles. This organ has not been found in the larva.

The structure and distribution of the sense organs are used as a diagnostic sign by
which the individual nematode species can be distinguished. This accounts for the
numerous studies on the anatomy of the sense organs. Recent studies on the fine
structure of these organs (Wright 1974, McLaren 1976) suggested differences both
in their morphology and their function among the individual species. Amphids are
regarded as chemoreceptors, but several dendritic processes are similar to insect
mechanoreceptors in their fine structure (Moran et al. 1971). There is less information
available on nematodes of the superfamily Trichuroidea (Wright 1974) than on the
larger nematode species, e. g. Syngamus trachea (Jones 1973), Necator americanus -
(McLaren 1974), Meloidogyne incognita (Wergin et Endo 1974), and on filariids
(McLaren 1972, 1976).

One of the least-studied aspects of the biology of T'richinella has been the nervous
system. In a recent electron microscopic study on the surface of 7. spiralis (Kim
et Ledbetter 1980), the authors found 16 openings of cephalic sense organs. Our
present study has determined numbers and the structure of cephalic sense organs in
two day-old females of 7. pseudospiralis and T. nativa in addition to those in larvae
from the uterus and the muscles in order to compare the individual sense units of
these nematode species, and to confront our findings with literary data on Capillaria
hepatica.

MATERIALS AND METHODS

The two day-old females of T'. nativa and T'. pseudospiralis examined in this study are the same as
used in previously reported studies on the fine structure of the cuticle and the sexual organs (Hulin-
ské et Shaikenov 1982, 1983). In addition, worms were taken from the intestine of experimentally
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infected mice and fixed in a mixture of 2.5 % paraformaldehyde and 2.5 %, glutar. i

cacodylate buffer in a vacuum, then postﬁxeé) in 1% 0s04 B;t 4°C, pH é)Qg: anaji%}gi(éiclinig (})3}1)(?;{1
8.12 or Vestopal. Series of sections from eight specimens were stained with uranyl acetate and lead
citrate. Larvae from the uterus of females were recovered at day 7 of development in the intestine
Muscle I‘a,rv@e of .T. pseudospiralis aged 40 days, from experimentally infected mice, were isolated Witli
Beirnzan St, gliestlve method. Specimens to be examined with the SEM were dried with the critical
;l)(())onB I;izctfon?,(,)iz} s;);l;e‘i with Au/PD, and inspected with the scanning equipment of the JEOL

RESULTS

‘The diameter of the head of a two day-old female of 7. pseudospiralis is about
lb. pm, that of T. nativa about 18-—19 pum. The buccal cavityof 7. pseudospiralis con-
tains a stylet (Plate I, Fig. 1) which is fixed to the thin cuticle lining the cavity by
means of dense granules. The wall lining the buccal cavity forms lateral elevations (Av)
close to the mouth (Plate I, Fig. 1). Then follows a bulge (B) divided by dorsoventral
w_'edges below which occur laterally two elevations (C). There are no sense organs
elther on bulge B or on bulge C. On bulge A, there are pores through which the two
pairs qf inner labial sense organs open to the surface (D) (Plate I, Fig. 4). According
to their DPosition, they are similar to type-I sense organs reported by Wright (1974)
for Capillaria h.epa,tica. Through these pores open three modified dendritic processes
(two processes in C. hepatica). Bird (L971) uses the term “cilium” for such sensory
processes on nerve fibres, we are using “dendritic processes” (Wright 1974).
The‘lateral sense organ (F) (Plate I, Fig. 5) occurs at the level of the amphid in di-
rection to the mouth opening. Dorsolateral and ventrolateral of the amphid are four
pairs of outer, cephalic sense organs (G) (Plate I, Fig. 4; Plate II, Fig. 1) of which one
pair always (H) is at the level of the inner labial sense organs (D). There are a total
of 16 sense organs, including two amphids, on the head of both T. pseudospiralis and
T.. nativa (Plate II, Fig. 1). The cephalic sense organs are innervated with dendrites
arising from. the area of the nerve ring (Plate II, Fig. 2). Modified dendritic processes
contain longitudinally aligned microtubules (Plate I, Fig. 2), and are surrounded by
a den§e material. A thin membrane covers the surface of the processes. They are
flat, 'dlsk-shaped, at the top (Plate I, Fig. 3; Plate IV, Fig. 2). The basal, attenuated
portion of the dendritic process contains microtubules arranged in a circlet of nine
doubled perlpheral.tubules and three separate inner tubules (Plate IV, Fig. 6). Then
the processes pass into the bulbous tip (Plate III, Fig. 1) occupied by dense vesicles’
an.d.mltochondrlg (Plate IV, Fig. 1). Up to their entrance in the bulbous tip, the den-
Fil‘lt";lc processes lie in a chamber which opens through a pore to the surface.,The pore
is lined by a cuticular fold. The chamber of the inner labial organ is the smallest in
dlamfet_er, that of the amphids which contains 10 dendritic processes the largest. The
remalning sense organs contain three dendritic processes each. In the dorsolateral
sense organ (H) (Plate I, Fig. 2), two dendritic processes are of a common morphology
one forms an expansion which is filled with a dense, filamentous material. ,

The elor_lgate part of the chamber is surrounded by hypodermal cells (Plate I1IT
Fig. l). which er}c]ose the dendritic processes until they reach the bulbous tip, past it’
they lie freely in the pseudocoelom (Plate II1, Figs. 1, 3). Farther on, they’fuse in
sublateral nerves (Plate ITT, Fig. 4; Plate IV, Figs. 1,2). Above the nerve ring occur
two 'sublat('aral ax_ld subdorsal and subventral nerves, as in the adult (Plate IV, Fig. 3)
ang in phe 1nfect%ve mus.ele larva (Plate IV, Fig. 1). The nerves contain dense ,Vesicles
?glatglit‘?,clﬁggrgé)jchelr nuclei situated above the nerve ring are electron lucid

The arrangement of the cephalic sense organs of a seven day-old larva
uterus is similar to that of the adult, The am%)hidial chamber is):alongate, coi:r‘?pI:ezgg
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with a dense material, and contains ten differently long dendritic processes (Plate
1V, Fig. 4). The dendritic processes of the inner labial organs are extremely short.
Their basal part contains nine doubled microtubules (Plate IV, Fig. 6). Six dendrites
lying between the hypodermis and the muscle cells occur on the ventral side of the
body of T'. pseudospiralis close to the excretory pore (Plate IV, Fig. 5). They contain
mitochondria and dense vesicles with granules. The formation resembles a hemizonid
observed in other nematode species. :

A nerve ganglion containing neurons with a transparent large nucleus occurs in the
tail area of the female of 7T'. nativa, at the level of the rectal region. The cell body varies
in size from 8 pm to 12 pm and contains mitochondria and vesicles. Digital dendrites
arise from between the muscle cells to above the rectal wall (Plate I11, Fig. 2). Distally
occur the dendritic processes of the rectal area between the elongate nuclei of the

rectal wall.

DISCUSSION

The similarity of cephalic sense organs of females of 7. pseudospiralis and 7. nativa
aged two days is evident. The stylet is present in the buccal cavity of the larval
T. nativa, but is absent in the adult. By contrast, both the larva and the adult (two
day-old females) of 7. pseudospiralis have a stylet. It is joined by granules to the exten-
sions of the buccal cavity, i. e., to the two sublaterals and the one dorsal of the tri-
radial lumen. Chen et Wen (1971) reported a similar attachment of the stylet of
Paratylenchus penetrans. Bird (1969) suggested that the granules near the stylet of
Meloidogyne incognita originated from the dorsal esophageal gland. Since no glands
occur in the esophagus of T'richinella, their function is taken on by the stichosome
(Bird 1971).

Trichinella have a total of 16 cephalic sense organs including the amphids. The
fine structure both of the amphids and the sense organs of trichinellids is similar to
that of Capillaria hepatica (Wright 1974). On the inner labial elevation close to the
mouth occur four pores of the inner lateral labial organs which contain three dendritic
processes in contrast to two processes reported for C. hepatica. A pair of lateral sense
organs is situated on the inner circlet of C. hepatica, i. e., on the inner oral elevation,
while in 7. pseudospiralis, this organ lies outsite the area of the inner elevation, near to
the amphid. The structure of this organ (type-II sense organ; Wright 1974) suggests
its mechanoreceptive function. In Trichinella, the greatly enlarged dendritic process
which is packed with a dense filamentous material occurs at the level of the distal
tips of the two normal processes. In C. hepatica, the modified dendritic process lies
under the cuticle folding inward in the chamber. The bulbous dendritic process com-
pacted with a dense material in which microtubules could not be detected, resembles
the mechanoreceptive organs of arthropods (Moran et al. 1971). McLaren (1972)
found eight mechanoreceptive papillae in the filarioid Dipetalonema viteae, and de-
scribed glands and supporting cells associated with the sense organs. Similar structures
have not been observed either in C. hepatica (Wright 1974) or in Trichinella. In its
structure, the amphid of T'richinella resembles that of C. hepatica. The pore measuring
0.8 um in diameter associates with a chamber (1.2 um in diameter) in which occur ten
equally long dendritic processes, both in the adult and the larva. In C. hepatica,
these processes are differently long, the longest occurs on the periphery of the
chamber. Hypodermal cells supporting the dendrites ensheath their attenuated
part up to the base (Wright 1974). Then, the bulbously enlarged part of the
dendrite lies freely in the pseudocoelom. In T'richinella, the dendrite in the amphid
remains surrounded by hypodermal cells, the dendrites of the remaining sense
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organs lie freely in the pseudocoelum. The cuticle lines the pores and partly the
chambers of all sense organs, it expands farthest in the amphid. According to Dick
et Wright (1973), the dense material between the microtubules of the dendritic
processes has a stimulating function. The basal part of the processes consists of
nine doubled- and three central microtubules. Wright (1974) found 9 4+ 0 tubules
in C. hepatica. A hemizonid consisting of six dendrites situated between the hypodermis
and the muscle cells occurs in adults of 7. pseudospiralis. Bird (1968) suggests that
the hemizonid of Meloidogyne javanica is a receptor organ which controls the synthesis
of protein granules in the subventral esophageal gland. The enzyme in the granules
enables the larvae to penetrate the egg shells. The neurosecretory activity of the
hemizonid (Bird 1971) leads to the production of enzymes which support molting.
The location of the hemizonid of 7richinella is similar to that of the remaining
nemetode species in its position close to the excretory pore (Rogers 1968,
McLaren 1976).

The neuron of the dorsal rectal ganglion on the posterior end of Trichinella can
readily be distinguished with the electron microscope by its low electron density-.
The neuron is a multipolar cell (containing mitochondria) with numerous dendrites
and a single axon. Dendrites reach the space between the muscle layer and the
basal lamella of the rectum wall.

CEHCOPHLIE OPTAHB HEMATOI TRICHINELLA PSEUDOSPIRA-
LIS GARKAVI, 1972 U T. NATIVA BRITOV ET BOEYV, 1972

H. T'ynmrecka u B. Dlajfikenosn

Pesiome. Ilpu momomm TpaBmCMECCHOHHOII W CcKaHHpYOMeil SJIEKTPOHHOI MUKPOCKOIH I
U3ydaau pacupeiesieHue U CTPYKTYPY CEHCOPHBIX OPTaHOB TOJIOBBL M XBOCTA JBYXIHEBHLIX
caMok popa T'richinella (T. pseudospiralis u T. nativa). Y 06oux BumoB umeercs 16 rosos-
HLIX CEHCODHEIX OPraHOB, COfepKamux, xkpome aMmduu, 3 MOAUPHIMPOBAHEEIE PeCHMYKIL
Tena HepBHKIX KIIETOK PACIONOKEHE! Mepe] HepPBHLIM KOIbIOM. AM@nma cogepxur 10 pec-
Hruer. CeHCODHEIE OPTaHEI OTKPHBAIOTCA HA NOBEPXHOCTH KYTHKYJIBL Yepe3 OTBepPCTHA.
Hyrury:a orrparmuaer gucransEyio kamepy. Ilpomeccnt AeHJPUTOB HaJ HX JIYKOBHIle-BU/I-
HEIM paCIINPEHNEeM OKPYKEHB I'MOO/ePMajbHRIMH KJeTKaMH. 1lo HampaBleHMIO K 3ajHell
HacTH Teja OHM NPOHMKAIOT B NCEBJAONe] W HAJ HePBHKIM KOJBLOM COEAMHAIOTCH B CYO-
BEHTPAJILHEIN 1 cy0popsanbHmit m 2 cyGuaTepaisHEIX HepBa c NIPO3PAYHBIMU  Si/[PAMH.
Pacmpepiesienre CeHCOPHHIX OPraHOB JIMUMHOK M3 MEHIIINEB M MATOK He OTJIMYACTCH OT pac-
Ipelie/ieHuA B I0J0BO3PENEIX HeMaTogax. Ilpomecchl JeHAPATOB KOPOTKHE M IHCTAJbHbBIE
KaMepLl 0OJpIIell YaCTHI BHIIONHEHH ITOTHHM, (MODHIUIADHBIM BeIIeCTBOM. IIpsaman
KNIOIKa B XBOCTOBOM KOHIE CaMOK HHHEDBUPOBAHA M3 JOP3aJBLHOIO TAHIVIHS, COCTOSINETO
13 MyJILTUNOIAPHEIX KIETOK ¢ MHOTHMH feHApwTaMu U 1 akcoHoM. B o6mactu pacumpennoi
JacTH aKCOHA HAXONATCHA MHTOXOHIADUN ¥ IUIOTHEIE Be3HKYJH. B obmactu mepeji srckpe-
TOPHLIM OTBEPCTHEM Mey TIHIOePMON M MEIINAaMH HaXOxuTcad 6—8 axcoHOB, obpa3y-
IOIUX IeMU30HUI. ITOT OpPraH He BCTPeYaeTcs Y JIMUUHOK.
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A — lateral mouth elevations, B — bulge, C — lower lateral elevations, D — inner labial sense
organs, E — amphid, F — lateral sense organ, G — dorsolateral an(.i ventro]&tgral sense organs,
H — sense organ at the level of the inner labial organ, bb — basal bodies, ¢ — cuticle, d — dendr}tsi,
dp — dendritic process, dv — dentritic vesicles, dn — dorsal nerve, fm — filamentous material,
he — hemizonid, m — mitochondria, me — musculatur, n — nucleus, In — lateral nerv, Ir — lumen
of the rectum, p — pseudocelom, rc — rectum cell, rn — rectum neuron, sdn — subdorsal nerves,

sln — sublateral nerves, st — stylet
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Plate TT

Fig. 1. The buccal cavity of the female of T pseudospiralis has a stylet and is surrounded by two
lateral inner elevations (A) followed by a bulge (B) below which oceur laterally two elevations (C)
(% 26 000). Fig. 2. showing the inner lateral and subdorsal sense organs of T."nativa. In the opening
of the chamber are the distal tips of two longer dendritic processes, A dense material oceurs in the
opening of the amphid to the surface ( x 23 100). Fig. 3. The stylet in the buceal cavity of 7. pseudf}-
apiralis. Granules on the surface of the stylet stick to the outer cortical membrane of the eutiele linnig
the oral cavity ( x 34 300). Fig. 4. Obligue section through cephalic sense organs of 7. pseudospiralia.
An amphid with ten dendritie processes, below it a seetion through the basal body of the organ (F) F
{ % 21 500). Fig. 5. An amphid of 7. nativa lying freely below the lateral elevation, Tt is surrounded

Fig, 1. Transverse section through the cephalic sense organs of 7' nativa showing 16 pores th

rough

which the cephalic sense organs including the amphids open to the external environment ( x 21 000.)
ig. 2. The fusion of dendrites before entering the nerve ring of 7. pseudospiralis. The widely enlarged

R oo part of the dendrite eontains dense vesicles and synaptic vesicles. Groups of dendrites forming the

subdorsal nerves (sdnyand the sublateral nerves (sln) oceur in the pseudocoelom in the area be

tween

the esophagus and the muscle eells (me). Tn the esophagus are the openings of two sublateral nerves

and one subdorsal nerve in a chamber which eontains dendritic processes (% 12 000),
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Fig. 1. The lateral sense organ and the amphid (transverse seetion through the chamber) are surroun.
ded by hypodermal cells. The widely enlarged dendrites of the remaining sense organs lie freely in
the pseudocoelom ( x 12 000). Fig. 2. Dendritic processes project to below the museles of the rectal
wall composed of cells with elongate transparent nuelei. The rectal eutiele is less thick than the body
cuticle ( x 10 000). Fig. 3. In the esophagus of T'. pseudospiralis is a dorsal nerve and two sublateral
nerves containing transparent vesicles. Desmosomes fix the museles to the cuticle. The enlarged
parts of dendrites lie freely in the pseudocoelom surrounding the esophagus ( x 15 000). Fig. 4. Oblique
section through the head of T. pseudospiralis. The euticle of the head folds deeply before passing
into the annulate body cuticle. Near the esophagus are sections through dendrites. The amphid
contains ten dendritic processes, in the subdorsal ehamber are sections through the basal part of
l(ienld.rit.ic processes. Dendrites of the sensory organs (D) + F + () join in the sublateral nerve
x 10 500).

D, Hulinske, B, Shaikenoy, Sense organs of the nematodes o0 0 0 0 0 0 0 0 0 0 0 Plare 1Y

Fig. 1. Dendrites of the sublateral nerve lying among the musele cells of a larva of T, pseudospiralis
{from the museles). The dendrites contain dense vesieles. The nueleus of the subdorsal nerve (< 13 400).
Fig. 2, Subventral, subdorsal and two sublateral nerves of the larva of T\, psewdospirclis with a trans-
parent nueleus, The esophagus is surrounded by a wide, membrane-bound strip of homogencous
material { - 9 100), Fig. 3. The sublateral nerve of an adult 7. psendospiralis with a nueleus, denso
vesieles, granules and transparent mitochondria (= 10 000). Fig. 4. Longitudinal seetion through
the head of a seven day-old larva of ¥'. pseudospiralis recovered from the uterus, The chambers of
the amphids (arrow) are filled with a dense filamentous material. Seetions through ten dendritic
processes in the attenuated part of the chamber, Below the muscles are sections through the hasal
part of the dendrites ( x 13 400), Fig. 5. The hemizonid of an adult female of 7. pseudospiralis:
It consists of six dendrites which contain dense granules { x 18 800). Fig. 6. Transverse section through
the head of an infective larva of 7', pseudospiralis (from the muscles): The stylet fills the bueeal
cavity. Sense organs oceur on an outer and inner cirelet. Sections through inner sense organs at the
level of the basal part of dendritic processes (x 13 400).
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