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A COMPARATIVE STUDY ON THE DEVELOPMENT
AND THE STRUCTURE OF SPERMS OF TRICHINELLA
NATIVA, T. PSEUDOSPIRALIS AND T. SPIRALIS
(NEMATODA)
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Abstract. The three Trichinella species, i.e., T. nativa, T'. spiralis and T. pseudospiralis do not differ
in their spermatogenesis. Mitotically dividing spermatogonia are connected by a bridge. Vacuoles
originate from evaginations of the plasmalemma into the cytoplasm of primary spermatocytes.
In secondary spermatocytes, these vacuoles communicate with the perinuclear region by means
of the endoplasmic reticulum. Spermatids produced by the first and second meiotic division of
secondary spermatocytes are joined by a cytoplasmic bridge. A dilation of vacuoles and cisternae
brings about a separation of the group of four spermatids from the peripheral eytoplasm. In the
testes of 7. spiralis, a tubular sheath encircling sperms, and its evaginations forming tubules in the
cytoplasm, have not been observed in testes of T'. nativa and T. pseudospiralis. Sperms in the vas
deferens of the individual species differ in the structure of the plasmalemma, in the number of mito-
chondria, and in the shape of membranous organclles of which those of T'. pseudospiralis have a pore.
Sperms in the uterus of the female differ from those in the vas deferens of the male in the structure
of membranous organelles which contain a system of parallel, longitudinal microtubules running
towards the pore, in addition to the original microfilaments. These differences might influence the
functional state of the vas deferens during copulation, and & similar effect might be ascribed to the
contact with a stimulating substance released from the uterus of the female during copulation,
Therofore, we cannot ascribe a diagnostic importance to these signs.

Our present study on the development and the fine structure of sperms of T'. nativa,
T. pseudospiralis and T'. spiralis has been made for the purpose of confirming that
a) the three species do not copulate with each other as proved genetically by Britov
and Boev (1975), Boev (1976), Komandarev et al. (1975), b) differences in the
structure of the pseudobursa (Barus et al. 1979, 1981, Hulinské and Shaikenov
1980) have an impact on the development and the structure of the sperm. As pointed
out in a number of earlier studies (Foor et al. 1971, McLaren 1973, Burghardt
and Foor 1975, Anya 1976), the spermatozoon of nematode species (Dipetalonema
viteae, Brugia pahangi) undergoes a morphological and physiological change in the
reproductive organ of the female brought about by the stimulating influence of a
substance released in the uterus. It has further been proved that the secretion produced
by the vas deferens of the male activates sperms of members of the genus Ascaris,
and changes their structure (Foor and McMahon 1973). Owing to these facts
established for other nematode species, and to a scarcity of studies on the spermio-
genesis in the three 7Trichinella species (data by Slomiamy et al. 1981 concern
only the spermatogenesis in testes of T'. spiralis), we have studied in detail the sperma-
togenesis of the threee species under consideration, and the influence of both the vas
deferens and the uterus on the development of spermssin the hope that an under-
standing of these processes might help to disclose reliable diagnostic signs upon
which the individual members of the genus T'richinella could be distinguished. Anya
(1976) has made a survey of studies on the spermatogenesis of various nematode
species.
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MATERIAL AND METHODS

Males of T'. nativa and T. spiralis aged two days, and males of T. pseudospiralis aged two and
seven days, were obtained from mice infected experimentally with these Trichinella species in
the Zoological Institute, Academy of Sciences, Kazakh SSR. We had to use two and seven
day-old males of T'. pseudospiralis, because they need two days longer to complete their spermato-
genesis than do males of T'. nativa and T. spiralis. Apart from this difference in the age of males,
experimental conditions were identical (infective larval dose, age and sex of the host, mode of
isolation of the material, fixation, temperature), The material was fixed with 2.5 % paraformal-
dehyde and 4 9, glutaraldehyde, buffered in 0.1 M cacodylate at pH 7.2in a vacuum (for details see
Hulinsk4 and Shaikenov 1982). After a fixation with osmium, dehydration and centrifugation,
using 20 males of each species, the material was embedded either in Epon or Araldite, cut with a
Reichert ultramicrotome, stained with uranyl acetate and lead citrate, and inspected with a
JEM 100 B.

RESULTS

Sperms of a two day-old male of Trichinella nativa and 7. spiralis, and a two and
seven day-old male of T'. pseudospiralis, fill the entire seminal vesical and the vas defe-
rens. In equally old females sperms are present in the receptaculum seminis, and that
in its anterior portion. Faint differences distinguished later in the structure of sperms
are still indistinct. There are two compact areas, one a concentration of cells (sperma-
togonia and growing spermatocytes) located peripherally in the distal end of testes
of T'. nativa (Plate I, Fig. 1) and 7. pseudospiralis (Plate I, Fig. 2), one a concentration
of spermatids and spermatozoa located centrally in the middle of the testes. There
might, evidently, be differences in the arrangement of cells in the testis, e.g., the
peripherally located spermatogenic area might encircle spermatids and spermatozoa,
or spermatogonia might be concentrated at one side of the testis while the opposite
side is occupied by spermatids and spermatozoa as, e.g., in the testis of 7'. spiralis
(Plate I, Figs. 4. 5). Spermatogonia (A) are large, elongate cells (average size 2.5 X 6 un).
They have an elongate nucleus and a prominent, spherical nucleolus. The electron
dense cytoplasm contains free ribosomes and small mitochondria. Below the plasma-
lemma, there are vesicles of the Golgi apparatus and a few, short cisternae of the
granular endoplasmic reticulum. Spermatogonia having divided mitotically are
joined to the daughter cell by a bridge. Early, primary spermatocytes (B) are larger
in size, irregularly elongate, with an increased number of mitochondria in the cyto-
plasm (Plate I, Fig. 3). The nucleus contains less chromatin, the nucleolus is more
dispersed than in the spermatogonia. The peripheral plasmalemma is folded and
forms evaginations and outfolds, and from these originate vacuoles in the peripheral
cytoplasm of older spermatocytes (Plate I, Fig. 3). The area ringing the nuclear
material of an older spermatocyte (C) is less electron dense, the transparent, peri-
nuclear area contains mitochondria. Cisternae of the endoplasmic reticulum produce
a complex of elongate, long structures encircling the electron lucid nuclear area, and
communicating with vacuoles and vesicles of the Golgi apparatus (Plate I, Fig. 3).
A connection has been established between meiotically dividing, secondary spermato-
cytes (D) and future spermatids (E). The latter contain long, electron dense mito-
chondria around chromosomes which produce centres of chromatin condensation
(Plate II, Fig. 2). The more electron lucid central area among future spermatids
contains vacuoles, a complex of transverse cisternae of the endoplasmic reticulum,
and ribosomes. This central area (H) (Plate IT, Fig. 1) comprizing the peripheral
cytoplasm is connected with a group of four spermatids. Their separation from the
peripheral cytoplasm is brought about by a dilation of cisternae and vacuoles joined
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with the plasmalemma at the site of their connection with the peripheral cytoplasm
which is elimited as a residual body (F) (Plate I, Figs. 3, 4). The residual body con-
taining vacuoles, cisternae of the endoplasmic reticulum and vesicles of the Golgi
apparatus breaks down inside large vacuoles in the testis (Plate I, Fig. 4). Early
spermatids are small, oval or irregularly shaped, electron lucid cells, with mitochondria
surrounding the nuclear area (Plate II, Figs. 1, 3). Spermatids are bound by a multi-
plasmic membrane during their spermiogenesis (Plate II, Fig. 6). Their centriole is
composed of nine individual microtubules located in the vicinity of mitochondria
(Plate 1I, Fig. 5). In the maturing spermatozoon, the number of vesicles connected
with cisternae of the Golgi apparatus increases, and so does the agranular, endo-
plasmic reticulum and vesicles inside cisternae. Spermatozoa (G) are larger than
spermatids, chromatin condenses in a spherical body which lacks a nuclear membrane
(Plate 111, Fig. 2). Spermatozoa pass into the dilated tube of the seminal vesicle the
walls of which are made up of elongate cells. The electron dense cytoplasm of these
cells is filled with a granular endoplasmic reticulum and vesicles of the Golgi appara-
tus. Below the seminal vesicle, in close vicinity of the cloaca, lies the vas deferens.
In 7' nativa, it contains active, secretory cells which produce granules. The cells are
cylindrical, their elongate nucleus lies at the base. They contain irregularly dispersed
chromatin and possess an oval, electron dense nucleolus (Plate IV, Fig. 3). The cyto-
plasm is filled with a well-developed, granular, endoplasmic reticulum and an increased
number of ribosomes (Plate III, Fig. 1). Less electron dense areas of the cytoplasm
contain vesicles of the Golgi apparatus and small mitochondria. Of the granules
(1—1.5 um in diameter) accumulated in the base of cells, some are present in the
electron lucid part of the cytoplasm which produces outfoldings into the lumen of the
vas deferens (Plate III, Fig. 2). The presence of connecting, desmosomal complexes
in closely adjacent unit membranes of cells underlines the outlines of neighbouring
cells. The electron lucid cytoplasm without ribosomes underlying the plasmalemma
contains numerous vesicles of the Golgi apparatus (Plate IV, Fig. 3). Some of these
vesicles are filled with an electron dense substance, others with small granules. Secre-
tory cells produce plasmic outfoldings into the lumen. They are filled with a homoge-
neous, electron lucid substance (Plate III, Fig. 1). Anastomosing outfoldings some-

- times dilate, sometimes attenuate in the lumen (Plate III. Fig. 3). Sperms in the

lumen possess numerous spherical, membranous organelles (Plate III, Fig. 2). A
spherical, electron dense body produced by chromatin condensation is ringed by
19—20 mitochondria which have a very dense matrix (Plate III, Fig. 3). The shape
of sperms is irregular. The multiple plasmic membrane of adjacent sperms is thickened
by a denser, homogeneous substance. Inside the sperm are spherical, membranous
organelles but no tubular structures from which organelles originate. A section
through the membrane specialization of a sperm shows four microfilaments each
running to the opposite pole of the organelle. None of these organelles open with
a pore into the plasmalemma (Plate II, Fig. 2). The vas deferens of 7'. pseudospiralis
is similar to that of the other two T'richinella species in that it contains cylindrical,
secretory cells joined by desmosomal complexes (Plate I11, Fig. 4). Extensive, electron
lucid areas with numerous vesicles and granules are seen in larger cells. Granules
occur also in the lumen of the vas deferens among the individual sperms, and are
lined with a transparent substance and membranes. In the basal part of the cell, the
joining desmosomal complex passes into long, cytoplasmic outfoldings (Plate IV,
Fig. 1). Numerous shorter villi-like, cytoplasmic outfoldings protrude into the lumen
but never far enough to either separate or line individual sperms. The plasmalemma
of cells is thin, folded, without a homogeneous substance between adjacent membranes
of neighbouring cells (Plate ITI, Fig. 5). The sperm is more regular, circular in its
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shape, it has less membranous organelles and mitochondria (13) than the foregoing
species. The plasmalemma is underlaid by tubular structures of which some collapse
and enclose cisternae of the agranular, endoplasmic reticulum (Plate IV, Fig. 2).
Other, differentiated organelles contain 3—4 microfilaments under the multiple
membrane, which communicates with the plasmalemma by means of a short, electron
dense canal with an opening pore (Plate IV, Fig. 4). In 7. spiralis, the formation of
tubules in the sperm starts already in the testis; in the seminal vesicle, these tubules
form concave structures of which several fuse and enclose vesicles. Tubules originate
from evaginations of the plasmalemma of the sperm. Their multiple plasmic membrane
contains a homogeneous, faintly fibrillar substance. Several evaginations anastomose,
others appear as concave tubules in the cytoplasm, others fuse and enclose part of
the cytoplasm (Plate II, Fig. 6). A comparison of sperms of the two Trichinella
species, from the vas deferens of the male and the seminal sac of the female, shows
that the structure of membranous organelles differs even in individuals of the same
species. Membranous organelles of the sperm in the reproductive organ of the female
contain 8—9 microtubules (Plate IV, Fig. 6) running horizontally in direction of the
connecting canal which opens in a pore into the plasmalemma of the sperm. In con-
trast, organelles in sperms located in the female sexual organ differ in shape: they
are oval in 7. nativa, irregular in 7. pseudospiralis, sac-shaped and largest in 7.
spiralis. Membranous organelles of the sperm in the male sexual organ of T'. nativa
arealways spherical. During the fertilization of cocytes, vesicles (vacuoles) are released
from membranous organelles (Plate IV, Fig. 5) which are now small, spherical, and
without transverse microtubules. In sections there are 3—4 microfilaments below
the pore similar to those in organelles of sperms of the male reproductive organ.

DISCUSSION

In an electron microscopic study on the spermatogenesis of 7. spiralis, Slon iamy
et al. (1981) observed that germ cells proliferate peripherally in the testis, and that
spermateleosis occurs in the centre (lumen) of the testis. A similar observation was
made by Neill and Wright (1973) for Capillaria hepatica. We found either that
spermatogonia and spermatocytes occurred at one side of the testis, and spermatids
and spermatozoa at the other side, or that spermatozoa inside the testis were encircled
by spermatogonia and spermatocytes. Our description of the microscopic structure
of spermatogonia and spermatocytes of 7. matiwva and T. pseudospiralis was not
different from that given by Slomiamy et al. (1981) for 7'. spiralis. However, we
disclosed an additional feature: peripheral vacuoles were produced from evaginations
of the plasmalemma into the cytoplasm of primary spermatocytes. In secondary sper-
matocytes, after a breakdown of the nuclear membrane, vacuoles communicated with
the perinuclear area by means of elongate cisternae of the endoplasmic reticulum.
At the time of a meiotic division of secondary spermatocytes, a communication of
future spermatids with the peripheral cytoplasm of the spermatocyte was established
by bridges reported also by Slomiamy et al. (1981) for 7. spiralis. Below the plasma-
lemma, the bridge contained vacuoles, vesicles of the Golgi apparatus, a small number
of mitochondria, elongate cisternae of the endoplasmic reticulum running parallelly
to the mid-portion of the|bridge, and membranes similar to the microtubules described
by West (1978) for Hydra hymanae, and regarded as remnants of a dividing spindle
apparatus. We observed a dilation of vacuoles, vesicles and cisternae of the endo-
plasmic reticulum at the site of the bridge, and the origin of a system of cavities
below the attenuated plasmalemma of the bridge after a re-arrangement of mito-
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chondria close to the site of a chromatin condensation of the spermatid. After a se-
paration of spermatids from the bridge, it was eliminated as a ‘residual body”
together with remnants of the peripheral cytoplasm. This mode of elimination of the
cytoplasm of sperms was described by Goldstein and Triantaphyllou (1980)
for Meloidogyne haple. A separation of the cytoplasmic lobe from a group of sperma.-
tids adjacent to the site of the intercellular bridge was described by Neill and Wright
(1973) for Capillaria hepatica. These authors observed tubules in the early spermatid;
these appeared to collapse upon themselves forming concave vesicles which, in their
turn, appeared to fuse with adjacent units to give double membrane loops enclosing
a portion of the cytoplasm. Early spermatids and spermatozoa in the testes of 7.
nativa and T. pseudospiralis had no tubules from which membranous organelles
could originate. On the other hand, signs of a starting tubule formation was observed
in sperms of 7T'. spiralis at a time at which it was still in the testis. Tubule formation
started as evaginations of the plasmalemma which were ununiform in length and
shape; some were branching, most of the tubules terminated in a vesicle. The descript-
ion of the origin of membranous organelles from collapsing tubules in sperms of
T. spiralis given by Slomiamy et al. (1981) did not differ from that given by Neill
and Wright (1973). A number of authors suggested that vesicles of the Golgi appa.-
ratus and granules of the terminal sac of cisternae of the endoplasmic reticulum
participated in the production of membranous organelles (Lee 1971, Beams and
Sekhon 1972, McLaren 1973), the function of which was not understood. Gold-
stein and Triantaphyllou (1980) put forth an association of tubules with the
motility system. We observed these differences in the structure of membranous
organelles in mature sperms from the vas deferens of the male and the receptaculum
seminis of the female: Organelles of sperms in the female reproductive organ contained
a system of parallel, longitudinal microtubules running in direction of the pore, in
addition to the four original microfilaments. While the oocyte was fertilized, these
organelles released vesicles (Hulinskéd and Shaikenov 1982). Sperms from the vas
deferens of T'. nativa and T'. pseudospiralis differed in the structure of the plasmalemma
in both the shape and the size of membranous organelles, and in the presence of a pore
connecting these organelles with thin plasmalemma (7. pseudospiralis). Differences
in the structure of sperms recovered from the vas deferens of the male and the uterus
of the female, and demonstrated in these Trichinella species confirmed that Burg-
hardt and Foor (1975) were right in assuming that the uterus produced a stimulating
substance which changed the structure of the sperm.

PA3BBUTHULE U CTPYHKTYPA COOEPMATO30U OB TRICHINELLA
NATIVA, T. PSEUDOSPIRALIS WT. SPIRALIS (NEMATODA)

H. F'ynurcka u b. Walikesos

Pestome. Pazanunn memny T. nativa, T. spiralis u T. pseudospiralis He POAB.IAIOTCA BO BpeMsi
criepMaToredesa. l1pu MUTOTHYECKOM JeTIeHNM COEPMATOIOHMM COeIMHEeHbl ¢ IIOMOIILIO MOCTHKA.
Bakyonn BO3HAKAIOT M3 BBHIIAYMBAHMNA IJa3MaJIeMMbl B LMTOIIA3MYy HEPBHUYHBLIX CIIEpMaToO-
UATOB. BO BTOPHYHBIX CIEPMATOLMTAX DTH BAKYO:IM COCIMHCHBI ¢ IICPUHYK:eaPHON 00.1acTCH
OpA DOMOMM JBAOIVASMATHYECKOTO peTurysoMa. CHepMaTuiusl, BOSHMKAIOMMC HPH NEPBOM
¥ BTOPOM MEHOTHYECKHX AeTeHHMAX BTOPHYHEIX CIEPMAaTONMTOB, COEAHMHEHHI ¢ IMOMOHIBIO LHTO-
171a3MaTHYECKOT0 MOCTHKA. PacuIHpeRueM BaKyOJICH H IICTeDH OTANAETCA OT nepuepuyecKon
IHUTOIIIA3MBL rpynua gersipex crnepMaTujl. Tpy6uatas oboiouga, OKpyKaollasd COEpMEl B ce-
meHHMKAaX T'. spiralis ¥ ec BHIAYMBAHMH, OOpasyolle TPpyOOUKHM B HUTON/a3Me, He RadI-
Hajuch B ceMeHHMKax BUAOB 7. nativa u T. pseudospiralis. CoepMsl B vas deferens oTnennabix
BUIOB OTIIMYAIOTCH DO CTPYKTYPE NJIa3MajleMMbl, KOJIMYeCTBY MATOXOBAPuil u popme MemOpan-
HpIX opraHes1. MemOpannepie opramesssl Bua 7. pseudospiralis mmeror orBepcTusa. Coepmsl
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B MATKE CAMKH OTJMYAIOTCH OT cuepM B vas deferens camma 110 cTpyKType MeMOPaHHBIX OpIaHe /LT,
cOMepIKaIUUX, KPOMe NEePBOHAYATBLHEIX MUKPOQHIIAMEHTOB, CACTEMY HAPAJLIELHRIX OPOAOIb-
HBLIX MOKPOTPYOOdeK, HampapJeHHbBIX K OTBEPCTHIO. OTH DA3lIMYMA MOTYT OKashIBaThL BIAUAHUC
Ha (yHKUMOHaabHOe cocTosiHue vas deferens npm xomynsmuum. OnHako 110J00HOE BiMAHME
MOIKET OKAa3blBATL TAKMKE KOHTAKT CO CTHMYJHMDYIOIIMM BeIlCCTBOM, BLIAGJIACMBIM M3 MaTKM
caMKn B TeveHHe xomynsauuu. ClejoBaTelbHO 3TH Das3fiMyus HeNh3A CYMTATh Bujlocmemuduw-

HBLIMHA Xa paKTepaMH.
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Fig. 1. Trichinella nativa, distal end of the tostis with peripherally arganized spermatooytes oncircling
aperlma.udg and spermatozoa (% 5,280). Fig. 2, Trichinella peewdpspiralis, spermatoron (G) in k-
testis surrounded by spermatocytes (B) (= 4,280). Fig. 3. Spermatogonin (A) of . nativa have
a spherical nueleolus in the nueleus. Vesieles of the Golgi apparatus oceur in a narrow strip of eyto-
plasm. Primary spermatoeytes (B) contain an inereasod number of mitochondria. In an old spermato-
eyte (C) with o diffusive nueleus, vacuoles and vesicles ring transparent arcas in the eytoplasm.
A a‘ﬂoonduy spermatocyte (D) containing an increased number of long eistornae of the endoplasmie
retieulum around the nuclear region. 8permatids (E) contain dense mitchondrin organized contrally
around a chromatin condensation. (= 7,200). Fig. 4. Section through the testis of T'. spiralis showing
spermatocytes (B), (C), spermatids (E) and a residual body (F) ( « 8,200). Fig. 5. Testis of T'. spiralis
with spermatogonia (A) and spermatoeytes on the one side, spermatids (E) and spermatozoa (G)
on the other side (2 6,200).
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Fig. 1. Spermatids of T'. pseudespiralis joined by a bridge [(H) with the peripheral eytoplasm of
n secondary spermatoeyte { x 9,470). Fig. 2. A differentiating spermatid (E) of T. native, containing
long mitochondrin arranged around a condensation of chromatin in the nuclear region, The spermatid
is joined to a secondary spermatoeyte (D) whose peripheral eytoplasm contains vaeuoles |« LHLES0]),
Fig. 3. Joining of two spormatids (E) of 7. spiralis with the vacuolated eytoplasm of a seeondary
spermatocyte (1) { % 9,200). Fig. 4. Dilation of vacuoles and eisternae of the endoplasmie roticulum
in the bridge conneeting spermatids of T, wative (< 10,600}, Fig. 5. Centriole formed by 8 micro-
tubules in the nuelear area of a spermatid of . nativa. An originating membranous organelle with
4 microfilaments { % 21,200), Fig. 6. Testis of ', spiralis with spermatids (E) eovered with a multiple,
plasmic mombrane, Note evaginations of the plasmie membrane (arrow) in spermatozoa, Several
anestomosing evaginations produce tubules in the eytoplasm (< 11,200).



I3, Hulinskd, B. Shaikenov, A comparative Y s s wn s Rw B e s Plate 111

Fig. 1. Vas deferens of T, native, The seeretory ecll has a lorge, olectron lueid nuelens, little echromatimm
and a dense nueleolus, o well-developed endoplosmie retionlum and graneles in the eyvtoplasm.
Seerctory eolls form long outfoldings among spermatozon. Spermatozon contain large, spherical,
membranous organelles and o plasmalernma thickened with a homogeneous substapes (< 8,800).
Fig. 2. 8pherical, mombranons organclles with four microfilaments below the multiple, plasmic
membrane (arrow] which eontains o homogeneous substanee identienl to that in the oatfoldings (Q)
[ » 16,320). Fig. 8. Cells of the vas deforens of T, safive contoining o large nuelous, o nueleclus, and
a well.developed endoplosmie retiewlum, Vesieles of the Golgi apparatus in the eytoplasm, Numerous
outfoldings of eells into the lumen (x 0,800), Fig. 4. Vas deforons of 7. peeuwdospiralis containing
numerous granules sending short, villi-like processes into the lumen, Note the desmosomal complex
eonneeting the eells, The plasmalemma of spermatozon is thing neither the homogeneous substanee
nor outfoldings among spermatozons are visible |« 10,000). Fig. 5. Spermatozoa of 1. peoudoespiraelis
with a thin plasmalemma underlaid by irregularly shaped, membranous organclles {x 13,600).
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Fig. 1. Deamosomal complex of seeretory eells in the vas deforens of T', pseudospivaliz passing into
plasmie outfoldings which protrude into the lumen (3 24,200). Fig. 2. Formation of membrapous
organcllos from tubular structures in 7. pseudsspiralis (% 21,300), Fig. 3. Desmosomal complex
in the vas deference. Vacuoles and vesicles of the Golgi apparatus containing o substance which is
less alectron dense than that in the granules are present below the plasmalemma (% 17,200]. Fig. 4.
Membranous organelles in sperms of 7. pseudospiralis are connoeted with a canal opening through
a pore into the plasmalemma | = 48,000, Fig. 5. Spermatozon in the recoptasulum seminis of T'. spi-
ralis in tho vieinity of an ooeyto, A seerction is released into the spaces between the individual
plasmalemmas, membranous organslles are smaller insizo (arrow) [ = 12,200). Fig. 6. Membranous
areanelles in snerme of T neendospiralis rooovered from the uterus contain & system of micro-
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