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Abstract  Transmisson dectron microsoopic observations have been made on theprotonephridium of the cestode Moniezi-
aexpansa. Theflame bulb of M. expansa has afiltration goparatus constructed as & weir” and condsting of ribs (rods)
which are outgrowths of the termina cell as wel as theproximal cand cels. The ribs are connected by & membrane’ of
extracdlular substance through which filtration is believed to occur. Pores connect theprotonephridia lumen to the inter-
cdlular gace of connective tissue (parenchyma) and are located at the junction of aflame cdl and aproxima cana cel.
The cytoplasmic cords of protonephridia capillaries do not contain a sptate junction. The surface area of the capillaries
and other protonephridia ductslining the lumen is enlarged by many smal bead-like microvilli. From the present study of
M. expansa and from those of protonephridia in other invertebrates, it is suggested that the concept of defining a pro-
tonephridium as having a closed inner end is improper. We suggest its definition should be modified as follows: apro-
tonephridium is a flame cel system congsting of flame cells, canal cdls and nephropore cdls and that the flame bulb func
tions as a filtration gpparatus with or without dits (pores) opening to the intercdlular pace of connective tissue
(parenchyma) [ Acta Zoologica Sinica 50 (4) : 638- 644, 2004].
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The protonephridid system is the common type mates and certain larvae and adults of coelomates and

of excretory and/ or osmoregulatory system of acoelo- is based on the flame cdl.

The flame célls are con-

mates including platyhelminths, sme pseudocoelo- nected by small convoluted tubules to larger , collect-
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ing ducts which join to form a muscular bladder that
opens externally via an excretory pore. The mgor
function of the protonephridid system seemsto be the
regulation of body fluid compostion, including main-
tenance of water content, and in the excretion of
waste. It plays a pivotal role in maintaining home-
ogstass. The concept of the protonephridium just de
<ribed is traditionaly perceived as with one end
closed sysem. Thus, the tubulesare closedon thein-
ner end and excretory waste is concentrated from a
fluid that must first enter the tubules by being trans
ported across flame cells (Hickman et a. , 2001) . In
an earlier study , Howells (1969) found that in the
nephridia system of the cyclophyllidean tgpeworm
Moniezia expansa pores, which oonnect the
nephridial lumen to the intercelular ace of connec
tive tissue, exig at the junction of aflame cell and a
nephridia duct. Howells suggested that those pores
might be consdered nephrostomes and that the sys
temis, therefore, not protonephridia aswasorigina-
ly envisaged. The main aim of the present study was
to ascertain the type of excretory and/ or osmoregular
tory system of M. expansa usng transmisson eec
tron microsoopy and, secondly , to add comments on
the protonephridium concept of invertebrates in gen-
era.

1 Materiads and methods

Adult pecimensof M. expansa were collected
from the intestine of sheep daughtered at L urgan a
battoir, near Befast, UK. Worms were placed in
warm 0. 9 % physologica sdine and maintained at 35
- 37 inavacuum flask for trangort to the labora-
tory. They were quickly cut into small (gpproximate-
ly 0.5 cm) pieces, fixed immediately in icecold 4 %
glutara dehyde in 0. 1 mol cacodylate-HCl buffer con-
taining 3 % (w/v) sucrose, pH 7.4 ,for4- 5 h, fol-
lowed by two 0.5 h washes in cacodylate buffer and
stored for 24 h in cacodylate buffer prior to post-fixar
tion in 1 % agueous osmium tetroxide for 2 h. Seci-
mens were then dehydrated through an ethanol series
and orientated appropriately prior to embedment in E
pon 812 redn. Ultrathin sctions were cut and col-
lected on uncoated 200-mesh copper grids, stained
with aooholic uranyl acetate (15 min) and agueous
lead citrate (8 min) , and examined usng a JEOL
100-CX €eectron microsope operated at 100
kV.

2 Results

The protonephridium of M. expansa condstses
entialy of flame cdls, capillaries and convoluted
ducts which include primary oollecting-ducts, longi-
tudina ducts and transverse ducts. Their main cyto-
logical features are asfollows.

2.1 Theflame cell

The flame cdl is a compodte and irregularly-
shaped structure (Plate : 2 - 4). The nucleus is
relative large, its shgpe varying from ovoid to irregu-
lar in section, and its content is sometimes densdy
granular andheterochromatic. The cytoplasm is rich
in mitochrondria and possesses ome small membrane
bounded vedcles, short lengths of granular endoplas
mic reticulum and numerous unattached ribosomes.
The flame cdll is cup-shaped and bears a tuft of some
89 hexagonadly arranged cilia forming the“ flame”
that extendsfrom theinner surface of the cup into the
capillary. The cilia develop from basd bodies whose
ultrastructre resembles that of a centriole; branched
rootlet fibres secure the basal bodiesin the cytoplasm
of theflame cell. Each cilium hasa typicd 9 + 2 axia
filament complex and these are arranged s that ater-
nate rowsof cilia undulate successvely in opposng di-
rections. The periphery of theflame cell surfaceis de-
veloped into a short velum and from its rim a whorl of
incurving externa ribs are produced. dxty-two such
ribs are found in this whorl (Plate : 7, 8). Indde
the whorl from the ribs arise numerous interna lep-
totriches, giving each flamecdl rib a longitudinal
combrlike gppearance. Within each of the ribs there
are savera microtubules and, dmilarly , within each
of the leptotriches there is at least one centra sup-
porting microtubule (Plate :8).
2.2 Capillary

The lumen of the capillary isintercelular but ex-
tends through a sngle row of cels, which are a0
cadled proxima cand cdls, and the end cell of each
capillary is developed into a protonephridia funnd
that isin close asociation with the flame cdl. The
protonephridia ribs (externa ribs or rods, 62 in
number) are developed from the outer rim of thefun
nel and lie outsde and alternate with the flame-cell
leptotriches along their exposed lengths. Adjacent
ribs are interconnected by & membrane” of apparent
extracelular matrix. Pores (Plate :2)found open at
the attachment points of protonephridia ribs to the
flame cell.
2.3 Protonephridial ducts

Protonephridial ducts include the primary ool-
lecting-ducts, longitudina ducts and transverse ducts
in M. expansa. Primary oollecting-ducts (Pate
5,7) which have an intercellular lumen connect the
capillaries with transverse or longitudina ducts. Four
longitudina ducts are arranged as dorsa and ventra
ductson each sde of the worm and lie just indde the
margin of the medullary parenchyma. Posterior to the
neck region, the dorsal duct isof a smaller diameter
and carriesfluid toward the scolex. Ventra ducts are
positioned somewhat ventrally in the parenchyma and
usualy have a wide lumen that servesto carry fluidin
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a direction away from the scolex. The dorsal and venr
tral ductsof each dde are made confluent in the scolex
by a network of vessals each at least aswide in diame
ter as the longitudina cands. At the posterior end of
the worm all four ducts open separately to the exteri-
or. The dtuation in gravid proglottids was not ob-
served dnce these were aready shed from the strobila
of the worms recovered. In the posterior border of
each proglottis the ventral longitudinal excretory duct
of each sde of the worm is connected by a transverse
duct. In ocontrast, no transverse ducts connect the
dorsal longitudinal ducts. No structura differences
other than dze and thickness of the basa lamina have
been found among these ducts at electror microscope
level (Plate :4- 7). The lumen isintercellular and
the duct wall is supported by a well-developed basd
lamina. The inner surface of these ducts is enhanced
by numerous bead-like microvilli.

3 Discusson

3.1 Maodification of protonephridium concept

Some 50 years ago , Hyman (1951) defined two
main types of nephridia in invertebrates: (1) pro-
tonephridia with closed inner ends, and (2)
metanephridia with open inner ends. Snce then the
concept of “ protonephridia with closed inner ends’
has been used in most text books, other more e
ciadised books and research literature, dthough in
ome invertebrates a flame-bulb weir conssing of
membrane-covered dits,clefts and pores perforate the
cytoplasm lining the lumen of the cell (or caled cylin-
der) have been found (Howels, 1969; Rohde and
Waton, 1993; Bartolomaeus and Ax, 1992; Bar-
tolomaeus, 1998). Howells studied the nephridia
system of M. expansa and found that pores which
connect the nephridia lumen to the intercdlular ace
of the connective tissue exist at the junction of the
flame cell and nephridid duct. He conddered these
pores were nephrostomes and believed the excretory
and/or osmoregulatory sysem of M. expansa was
not a protonephridia system. From the present study
and the knowledge of the literature the concept of
protonephridial system isimproper , and it isproposed
should be modified asfollows: aprotonephridium isa
flame cell system condsting of flame cells, cana cels
and nephropore cdls in genera , and that the flame
cells (flame bulbs) function as a filtration gpparatus
with or without dits (pores) opening to the intercel-
lular gpace of connective tissue (parenchyma) .
3.2 Phylogenetic significance of protonephridia

To date, three main typesof flame bulbs are dis
tinguished in the Platyhe minthes by Rohde(2001) :
type 1 hastwo (or three) ciliaarisngfrom atermina
cell and rootlets extending aong the weir ; type 2 has
many cilia arisng from a termina cell and the proxi-

mal cand cdl closly aigned with it ; and type 3 hasa
non-termina perikaryon forming many flame bulbs,
each with many cilia and a dngle row of longitudinal
ribs. Each main type of flame bulb gppearsin various
structura forms. Type 1 is found in Catenulida:
Catenula, Suomina, Stencsstomum and Retronectes
(Rohde and Watson, 1993, 1994a; Rohde, 2001) ;
type 2 in most Rhabditophora, except L ecithoepithe
liata and Rhabdocoda: Microstomum, Macrosto-
mum, Gottes larva ( Polycdladida) , Proseriata
(Monocelis) , Urastoma, Prolecithophora ( Archi-
monotresis) , Tricladida, Monogenea ( Poly- and
Monopisthocotylea) and Trematoda (Aspidogastrea
and Digenea) , Cestoda ( Gyroootylidea, Amphilinidea
and Eucestoda) (Rohde et a. , 1990; Rohde, 1993,
2001) ; and type 3 in Lecithoepitheiata and Rhabdo-
coela. The most likdly evolutionary sequence is that
type 3 is derived from type 2 and perhaps that type 2
is derived from type 1. Except for the above three
main types, there are gill other types such as the
type found in the hgplopharyngid Haplopharynx ros-
tratus. No weir wasfound in this ecies, there be-
ing neither ribs nor membranes , but large numbers
of exocytotic vedcles are aggregated around the capil-
lariesof the three termina cellswhich form atermina
complex. In this gecies, excretion and/ or osmoregu-
lation occurs gpparently by exocytoss ( Rohde,
2001) . In addition, different gecies might have dif-
ferent numbersof cilia, ribs and leptotriches. Thus,
in M. expansa there are 89 cilia, 62 internd ribs, 62
extrernda ribs, numerousinternal leptotriches and few
external leptotriches; in Hypoderasum conoideum,
there are 115 cilia (Chen and Chen, 1996) ; in Echi-
nosotoma miyagawai , there are 125 cilia (Chen and
Chen, 1996) ; in Baltoplana magna, there are 24
cilia (Rohde and Watson, 1994b) .

It seems that the number of ciliaincreases as the
animal develops and comes to attain a certain number
in fully developed protonephridia. One pair of pro-
tonephridia which is the characterigtic of most larvae
of invertebrates (acodomatesplatyheminths, some
pseudooelomates and some codlomates) is cond dered
as the plesomorphic condition. A serial arrangement
of severa protonephridia represents the gpomorphic
condition. All protonephridia are composed of three
different sections with an intergecific varying num-
ber of cellsin general : the termind region, the duct
and the nephropore region. Protonephridia congsting
of only three cdls: termina , duct and nephropore cell
are assumed to present the plesomorphic pro-
tonephridia desgn. Asiswedl known, the excretory
and/ or osmoregulatory system of animals plays a cen-
tra role in anima homeostass. Much work has been
done to make clear the phylogenetic lineages and de-
velopment of kidneys in vertebrates. In contrast,
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very little has been achieved in this regard in inverte-
brates, egecidly in the developmenta area. There
are only afew documented accounts of how the pro-
tonepheridia develop ( Rohde and Watson, 1988;
Bartolomaeus, 1989a, 1997 ,1998) , or what is the
relationship between protonephridia and
metanephridia (Bartolomaeus, 1989b; Bartolomaeus
and Ax, 1992) , or how they evolve (Xylander and
Bartolomaeus, 1995). Clearly, much work is ill
needed to be done if we are to achieve the right phylo-
genetic concluson.
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Explanations of Plates

Pate

1. Section cut from soolex , at least four clear flame cels at the figure x 4 255,
2. Longitudina section through flame bulb and termina cell. Note pores connecting protonephridia lumen to the intercdlular gpace of the connective

tissue (arrow) x 8 405.

3. Oblique longitudina section through a termina cell. Nucleus and nucleolus can be seen x 9 075.
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. Oblique longitudind section through a termind cel. Nucleus and mitochondria arein the cdl body , fused ciliain bulb lumen , interna and externa

ribsform the weir (filtration apparatus) , with many interna leptotriches but few externd leptotriches x 7 974.

. Cross section through flame bulb near protonephridid capillary , do not contain a septate junction between cytoplasmic cords x 12 747.

. Cross section through midde of flame bulb, no septate junction between cytoplasm of termina cell and proxima cand cdl x 9 333.

. Cross section through aflame bulb, showing a complete crossface of the weir which composed of 62 internd and 62 externd ribs x 8 077.

. Amplified Figure 7 to show 89 cilia, which aré® 9 + 2" gructure, formed theflame. Internd and externd ribsareformed by bundesof afew micro-

tubules. Indgde each internd leptotriches there is at least one microtubule to support it x 16 048.

. Oblique longitudind section through termina cell and flame bulb showing heterochromatin indde the nucleus x 8 486.

Pate

. Oblique longitudind section from a flame bulb, mitochondria can be seen near the rootlets of the cilia x 9 158.

. Oblique longitudina section near the base of rootlets, the structure of base body resemblesthat of centriole, thereis no sheath outsdeit x 8 300.
. Longitudind section showing cilia and their branched rootlets x 9 763.

. Proxima cand cdl and a part of protonephridid capillary x 7 200.

. Primary collecting-ducts with bead-like microvilli lining the lumens x 13 468.

. Protonephridia duct with numerous microvilli to expand the surface for excretion and/ or osmoregulation x 4 722.

. Primary collecting-ducts drain to protonephridid duct x 16 025.

: Base body. bmv: Bead-like microvilli. c: Clia. cap: Capillary. cco: Cytoplasmic cords. € : Externd leptotrich. er: Externd rib. fc: Hame cdl.

Internd leptotrich. ir: Internd rib. N: Nucleus. n: Nudeolus. pcd: Primary collecting-duct. pcc: Proximd cand cdl. ro: Rootlet of cilium. Scde

bars=1P m.
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