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Introduction

The function of the tegument of cestodes

that have no digestive tracts has aroused

increasing attentions of parasitologists.

Literatures concerning with the fine struc

ture of cestode tegument were reviewed by

Lee (1966, 1972), Smyth (1969), Pappas and

Read (1975), and Lumsden (1975a).

Many studies have been carried out by

using transmission electron microscopy, and

scanning electron microscopy has recently

come to be used effectively for the study of

morphology of the cestode tegument (Berger

and Mettrick, 1971; Ubelaker et al, 1973;

Andersen, 1975; Yamane et al., 1975; Hess

and Guggenheim, 1977).

Some additional details of the tegument

of Diphyllobothrium latum observed by

scanning electron microscopy (SEM) were

reported herein, and the relationship be

tween the ultrastructure and absorption of

nutrients through the body surface was

discussed.

Materials and Methods

Several matured proglottids of Diphyllo-
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bothrium latum were obtained from a man

who evacuated a strobila spontaneously.

For SEM preparation, small pieces of pro

glottids were fixed for 2 hours at 4 C in

2.5% glutaraldehyde in 0.1 m phosphate

buffer (pH 7.4). Following a buffer rinse,

the specimens were post-fixed for 4 hours

at 4 C in 1% OsO4 in 0.1 M phosphate

buffer (pH 7.4). Fixed specimens were de

hydrated in a graded series of ethanol,

soaked in amylacetate, transferred to criti

cal point drying, sputter-coated with gold-

palladium alloy, and examined with a

Hitachi HFS-2ST scanning electron micro

scope.

Some fixed specimens were embedded in

styrene after dehydration and substitution

in ethanol-styrene mixture to get the cross

fractures of the tegument. After poly

merized for 48 hours at 60 C, the specimens

were cracked under a stereoscope. The

cracked specimens were soaked in propylene

oxide to dissolve the polymerized styrene,

and then substituted by amylacetate for

critical point drying (Tanaka et al., 1974).

Some proglottids were put in 2% pepsin

solution to resolve the microtrichial layer

and to expose the basal membrane complex

directly, and were removed from the so

lution at each ten minutes to observe the

process. These specimens were observed by

SEM following the same procedure as

mentioned above.
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Results

Diphyllobothrium latum was similar to

the other diphyllobothriid cestodes in the

fundamental structure of the tegument.

The genital papillae around the genital

pore and the cirrus were covered with

microtriches (Fig. 1). The microtriches

(Fig. 1) over the cirrus were stout, short,

and thick with a bulb-like swelling near

the base, somewhat differing from those

over the other part of the segment. Many

small pores about 2 ^m in diameter were

distributed on the tegumental surface

(Fig. 2). The distal cytoplasmic layer of the

tegument was a continuous cytoplasmic

syncytium with microtriches on the free

surface (Fig. 3).

Each microthrix was thick and cylindri

cal proximally and slender distally. The

surface of the proximal part of microtriches

exhibited characteristic granular appearance

in contrast with the distal smooth surface.

Some short undeveloped microtriches (Fig.

4, arrows) grew among developing micro

triches which budded out from the surface

of distal cytoplasmic layer.

With the higher resolution, the outermost

membrane surface of microtriches showed

uneven, granular pattern with numerous

grobular droplets (Fig. 5, arrowheads).

Many pores (Fig. 5, arrow) were observed

in the distal cytoplasm, especially at the

roots of microtriches. There were numerous

vesicles or vacuoles (Fig. 6, arrows) scatter

ing throughout the distal cytoplasmic layer.

Observation at the higher magnification

revealed the complex membranous struc

tures (Fig. 7, arrows) which were connected

with numerous granules in the distal cyto

plasmic layer.

The multitubular complex and pore

canals (Fig. 8, arrow and arrowheads) were

observed at the bottom of the distal cyto

plasmic layer. Excretory canals ran under

neath the basal membrane complex (Fig. 9).

The subtegumental cells were connected

with the distal cytoplasm by the cytoplasmic

bridge, in which numerous vesicles (Fig. 9,

arrowheads) were observed.

The surface of the basal membrane

complex of the specimens which were

treated in pepsin solution revealed many

pores which were about 0.5-1.0 jiva in

diameter, and looked like a sieve (Figs. 10a,

10b and 11). From some o£ these pores

round globes about 0.3 ^m in diameter and

amorphous substances peeped out (Fig. 11).

The subtegumental cells showed a multi-

porous, sponge-like structure in the cross

fracture (Figs. 12 and 13). The subtegmen-

tal cell had a relatively large nucleus which

was generally situated at the proximal part

of the cell. The whole nucleus was con

stituted of a fine network of nucleic sub

stance and a large nucleolus which was ob

served as a conglomerate of fine granules

(Fig. 13). Vesicles, 0.5-1.0 ^m in diameter

with thin capsule, were densely packed in

the cytoplasm (Fig. 13).

Discussion

Cestodes, which have no digestive tract

at all, have to absorb nutrients and all the

other necessary substances through their

tegument. Many studies revealed that the

cestode tegument has a complex absorptive

function and is engaged in such a high

metabolic activity as enhancement or in

hibition of host enzymes (Senturia, 1964;

Smyth, 1972, 1973; Read, 1973; Threadgold

and Arme, 1974; Lumsden et al, 1974;

Lumsden, 1975a, 1975b; McCracken and

Lumsden, 1975; Pappas and Read, 1975;

Starling, 1975; Uglem, 1976; Hopkins et al,

1978; Oaks and Mueller, 1981; Schroeder

et al, 1981; Pappas, 1981; Gamble and

Pappas, 1981; Threadgold and Hopkins,

1981).

The recent application of SEM has

brought about a great advancement to the

study of the function of the tegument and
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the taxonomy. A few scanning electron

microscopical observations have been carried

out on the topography of diphyllobothriid

cestodes (Andersen, 1975; Bylund, 1975;

Yamane et al., 1974).

Smyth (1973) described the host-parasite

interface phenomena and suggested that

various activities could theoretically occur

at the brush border of the tegument, for

instance, excretion (secretion), diffusion,

active transport, pinocytosis, extra-cellular

digestion, membrane digestion and molecu

lar mimicry. Some modes of nutrient

uptake through the tegument may be proba

ble. The first is 'membrane digestion' or

'contact digestion' that Ugolov (1965) has

described. It may be done at the plasma

membrane of microtriches through glyco-

calyx. The second is 'pinocytosis' which

can occur at the cytoplasmic membrane of

the brush border. The third is the uptake

through pore canals or the basal membrane

complex.

The tegumental surface of D. latum was

covered with microtriches which serve for

absorptive function. The microtriches ob

served here resembled those of Spirometra

erinacei (Yamane et al., 1974). The bud

form of short microtriches which Braten

(1968) supposed as 'budding formation' of

microtriches were also observed. The

branched microtriches that some other

studies (Blitz and Smyth, 1973; Hayunga

and Mackiewicz, 1975) have revealed were

not observed herein.

The higher resolution images of the

outermost layer of microthrix revealed an

uneven pattern and fine granular protuber

ances, or exocytotic particles; This pattern

of the microtricheal surface was seen es

pecially clearly on the cylindrical proximal

part. Threadgold and Befus (1977) con

firmed that the immunoglobulin-binding

sites were localized on the surface of the

microtriches. Belton (1977) demonstrated

that there were numerous particles on freeze

fracture faces of the cylindrical proximal

part of the microtriches while there were

few particles on the fracture faces of the

distal part. McCracken and Lumsden

(1975) described that receptor sites for

lectin concanavalin A were decontinuously

distributed on the plasma membrane of the

tegumental surface and that the majority

of these sites were located along cylindrical

proximal part of microtriches. Morpho

logical features observed here seem to have

some connection with the above-mentioned

possibility of digestive-absorptive activity

through the cytoplasmic membrane of

microtriches.

High molecules such as protein and

glycogen have been suggested to be taken

into the tegument by pinocytosis, not by

membrane digestion (Hopkins et al., 1978;

Threadgold and Hopkins, 1981). Some

authors (Threadgold, 1962; Jha and Smyth,

1969; Rothman, 1963) described that evagi-

nations of the limiting membrane were

suggestive of formation of pinocytotic vesi

cles. However, Pinocytosis has not yet been

unequivocally demonstrated in cestodes.

Hopkins et al. (1978) recently demonstrated

macromolecular uptake by micropinocytosis

in Schistocephalus solidus. He exhibited

how numerous electron-lucid, membrane-

limited vesicles (pinosomes) were formed in

the distal cytoplasmic layer by pinocytosis,

and that contents of vesicles appeared to

be released into the underlying interstitial

material by exocytosis. The porous struc

ture observed here along the superficial

plasma membrane of the tegument may

reveal the dynamic pinocytotic activity.

Threadgold and Hopkins (1981) demon

strated that endocytosis occurred in the

plerocercoid and the adult worm of Schisto

cephalus solidus and Ligula intestinalis,

and also suggested that nutrition uptake

and defence were two possible functions of

endocytosis.

Braten (1968) reported the presence of

disc-like bodies and the absence of lamel-

lated bodies in the tegument of D. latum
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adult. Grammeltvedt (1973) also found

numerous disc-like bodies in the distal

cytoplasmic layer and scanty lamellated

bodies in D. dendriticum adult. Conway-

Jones and Rothman (1978) suggested that

electron-opaque bodies and tegumentary

discs or disc-like bodies were a part of the

system of continuous stacks which meander

in the distal cytoplasmic layer. The present

study showed numerous membrane-bounded

vesicles and spherical or ovoid bodies which

exhibit a close connection with meander or

net-work of membranous structure. It is

probable that the lamellated bodies often

observed by transmission electron micro

scope may be a part of the meander of

membranous structures, and that the me

ander of membranous structures which

originate from the basal membrane complex

may serve for taking pinosomes from the

tegument actively and transporting them.

The third mode of nutrients absorption

is concerned with the pore-canal system.

The presence of pore-canal or similar struc

tures have been demonstrated about several

species of cestodes (Lee, 1966), but it is still

disputable whether they are real pore-canals

or other structures such as nerve endings,

pinocytotic vesicles or some pit-organelles.

Tubular structures, infoldings of the basal

plasma membrane, often have been reported

as an unusual laminar structure or a unique

membrane specialization in the tegument

(Reissig, 1970; Threadgold and Read, 1970).

We could not confirm the total pore-canal

system and tubular structures, but often

find small vesicles, probably pinosomes,

which were connected with the basal plasma

membrane. Threadgold and Hopkins (1981)

recently described that the basal membrane

had a special function of exocytosis, and

was connected with the uptake and trans

portation through the tegument.

The porous, sieve-like structure en face

of the basal membrane complex may coin

cide with the pores demonstrated by Wright

and Lumsden (1969) or Graeber and Storch

(1978). Wright and Lumsden (1969) inter

preted these pores as the representation of

cross sections of tubular canals which are

parts of the tegumentary pore-canal system.

In the present study, we suppose that these

pores may be cytoplasmic bridges which

connect the distal cytoplasmic layer with

the subtegumental cells.

Summary

Ultrastructuarl observation of the tegu

ment of Diphyllobothrium latum adult was

carried out by using SEM from the view

point of functional morphology. The outer

most surface of the proximal part of micro

triches showed uneven, granular pattern

with numerous grobular droplets. Many

pores were observed in the distal cyto

plasmic layer, especially at the roots of

microtriches. The complex membranous

structures which were connected with nu

merous granules were observed in the distal

cytoplasmic layer. These structures suggest

a relationship with the mode of nutrients

absorption and transportation, namely,

'membrane digestion' at the superficial

membrane of microtriches, and 'pinocytosis'

at the tegumental surface.

References

1) Andersen, K. (1975): Comparison of surface

topography of three species on Diphylloboth

rium (Cestoda, Pseudophyllidea) by scanning

electron microscopy. Internat. J. Parasitol., 5,

293-300.

2) Belton, C. M. (1977): Freeze-fracture study of

the tegument of larval Taenia crassiceps. J.

Parasitol., 63, 306-313.

3) Berger, J. and Mettrick, D. F. (1971): Micro-

trichial polymorphism among hymenolepid

tapeworms as seen by scanning electron micro

scopy. Trans. Amer. Micros. Soc, 90, 393-403.

4) Blitz, N. M. and Smyth, J. D. (1973): Tegu

mental ultrastructure of Raillietina cesticillus

during the larval-adult transformation, with

emphasis on the rostellum. Internat. J. Para

sitol., 3, 561-570.

5) Braten G. (1968): The fine structure of the

tegument of Diphyllobothrium latum (L.): A

(36)



37

comparison of the plerocercoid and adult

stages. Z. Parasitenkn., 30, 104-112.

6) Bylund, G. (1975): Studies on the taxonomic

status and biology of Diphyllobothrium vogeli

Kuhlow, 1953. Commentat. Biol., 79, 1-22.

7) Conway-Jones, P. B. and Rothman, A. H.

(1978): Hymenolepis microstoma: Tegumen-

tary discs. Exp. Parasit., 44, 108-115.

8) Gamble, H. R. and Pappas, P. W. (1981): Par

tial characterization of ribonuclease (RNase)

activity from the isolated and solubilized brush

border of Hymenolepis diminuta. J. Parasitol.,

67, 372-377.

9) Graeber, K. and Storch, V. (1978): Elektronen-

mikroskopische und morphometrische Unter-

suchungen am Integument der Acanthocephala

(Aschelminthes). Z. Parasitenkn., 57, 121-135.

10) Grammeltvedt, A. F. (1973): Differentiation of

the tegument and associated structures in

Diphyllobothrium dendriticum Nitsch (1824)

(Cestoda: Pseudophyllidea). An electron micro

scopical study. Internat. J. Parasit., 3, 321-327.

11) Hayunga, E G. and Mackiewicz, J. S. (1975):

An electron microscope study of the tegument

of Hunterella nodulosa Mackiewicz and Mc-

Crae, 1962 (Cestoidea: Caryophyllidea). Inter

nat. J. Parasitol., 5, 309-319.

12) Hess, E. and Guggenheim, R. (1977): A study

of the microtriches and sensory processes of

the tetrathyridium of Mesocestoides corti Hoep-

pli, 1925, by transmission and scanning electron

microscopy. Z. Parasitenkn., 53, 189-199.

13) Hopkins, C. A , Law, L. M. and Threadgold, L.

T. (1978): Schistocephalus solidus: pinocytosis

by the plerocercoid tegument. Exp. Parasit.,

44, 161-172.

14) Jha, R. K. and Smyth, J. D. (1969): Echino-

coccus granulosus: Ultrastructure of micro

triches. Exp. Parasit, 25, 232-244.

15) Lee, D. L. (1966): The structure and composi

tion of the helminth cuticle. In Advances in

Parasitology, Vol. 4, ed. by Ben Dawes, Aca

demic Press, London and New York, 187-254.

16) Lee, D. L. (1972): The structure of the hel

minth cuticle. In Advances in Parasitology,

Vol. 10, ed by Ben Dawes, Academic Press,

London and New York, 347-379.

17) Lumsden, R. D. (1975a): Surface ultrastruc

ture and cytochemistry of parasitic helminths.

Exp. Parasit., 37, 267-339.

18) Lumsden, R. D. (1975b): The tapeworm tegu

ment: A model system for studies on mem

brane structure and function in host-parasite

relationships. Trans. Amer Micros. Soc, 94,

501-507.

19) Lumsden, R. D., Oaks, J. A. and Mueller, J.

F. (1974): Brush border development in the

tegument of the tapeworm, Spirometra man-

sonoides. J. Parasitol., 60, 209-226

20) McCracken, R. D. and Lumsden, R. D. (1975):

Structure and function of parasite surface

membranes—II. Concanavalin A adsorption by

the cestode Hymenolepis diminuta and its

effect on transport. Comp. Biochem. Physiol.,

52B, 331-337.

21) Oaks, J. A. and Mueller, J. F. (1981): Location

of carbohydrate in the tegument of the procer-

coid of Spirometra mansonoides. J. Parasitol.,

67, 325-331.

22) Pappas, P. W. (1981): Hymenolepis diminuta:

Partial characterization of membrane-bound

nucleotidase activities (ATPase and 5'-Nucleo-

tidase) in the isolated brush border membrane.

Exp. Parasit., 51, 209-219.

23) Pappas, P. W. and Read, C. P. (1975): Mem

brane transport in helminth parasites: A re

view. Exp. Parasit., 37, 467-530.

24) Read, C. P. (1973): Contact digestion in tape

worm. J. Parasitol., 59, 672-677.

25) Reissig, M. (1970): An unusual laminar struc

ture in the integument of Hymenolepis dimi

nuta. J. Ultrast. Res., 31, 109-115.

26) Rothman, A. H. (1963) : Electron microscope

studies of tapeworms: The surface structures

of Hymenolepis diminuta (Rudolphi, 1819),

Blanchard, 1891. Trans. Amer. Micros. Soc,

82, 22-30.

27) Schroeder, L. L., Pappas, P. W. and Means, G.

E. (1981): Trypsin inactivation by intact Hy

menolepis diminuta (Cestoda): Some charac

teristics of the inactivated enzyme. J. Parasi

tol., 67, 378-385.

28) Senturia, J. B. (1964): Studies on the absorp

tion of methionine by the cestode, Hymeno

lepis citelli. Comp. Biochem. Physiol., 12, 259-

277.

29) Smyth, J. D. (1969): The physiology of ces-

todes. Oliver & Boyd, London, 6-23.

30) Smyth, J. D. (1972): Changes in the digestive-

absorptive surface of cestodes during larva,

adult differentiation. Sym. Br. Soc. Parasitol.,

10, 41-70.

31) Smyth, J. D. (1973): Some interface pheno

mena in parasite protozoa and platyhelminths.

Can. J. Zool., 51, 367-377.

32) Starling, J. A. (1975): Tegumental carbohy

drate transport in intestinal helminths; cor

relation between mechanisms of membrane

transport and the biochemical environment of

absorptive surfaces. Trans. Amer. Micros. Soc,

94, 508-523.

33) Tanaka, K., lino, A. and Naguro, T. (1974):

( 37 )



38

Styrene resin cracking method for observing

biological materials by scanning electron micro

scopy. J. Elect. Microsc, 23, 313-315.

34) Threadgold, L. T. (1962): An electron micro

scope study of the tegument and associated

structures of Dipylidium caninum. Quart. J.

Micros. Sci., 103, 135-140.

35) Threadgold, L. T. and Arme, C. (1974): Hy-

menolepis diminuta: An electron microscope

study of ion absorption. Exp. Parasit., 35, 475-

491.

36) Threadgold, L. T. and Befus, A. D. (1977):

Hymenolepis diminuta: Ultrastructural local

ization of immunoglobulin binding sites on the

tegument. Exp. Parasit., 43, 169-179.

37) Threadgold, L. T. and Hopkins, C. A. (1981):

Schistocephalus solidus and Ligula intestinalis:

Pinocytosis by the tegument. Exp. Parasit., 51,

444-456.

38) Threadgold, L. T. and Read, C. P. (1970):

Ultrastructure of a unique membrane special

ization in tegument. Exp. Parasit., 28, 246-252.

39) Ubelaker, J., Allison, V. and Specian, R. (1973):

Surface topography of Hymenolepis diminuta

by scanning electron microscopy. J. Parasitol.,

59, 667-671.

40) Uglem, G. L. (1976): Evidence for a sodium

ion exchange carrier linked with glucose trans

port across the brush border of a flatworrn

(Hymenolepis diminuta, Cestoda). Biochim.

Biophy. Acta, 443, 126-136.

41) Ugolov, A. M. (1965): Membrane (contact)

digestion. Physiol. Rev., 45, 555-595.

42) Wright, R. D. and Lumsden, R. D. (1969):

Ultrastructure of the tegumentary pore-canal

system of the acanthocephalan Moniliformis

dubius. J. Parasitol., 55, 993-1003.

43) Yamane, Y., Maejima, J. and Kamo, H. (1974):

Study of Spirometra erinacei (Rudolphi, 1819)

Faust, Campbell and Kellogg, 1929 through

scanning electron microscope. Yonago Acta

Med., 18, 84-93.

44) Yamane, Y., Maejima, J. and Yazaki, S. (1975):

Scanning electron microscopic observation of

the tegumental structure of Diphyllobothriid

cestodes. Yonago Acta Med., 19, 197-206.

(Diphyllobothrium latum)

iofflBSKIStf) Tpino-

cytosisj

( 38)



39

Explanation of Figures

Fig. 1 Microtriches with the bulb-like roots (arrows) on the cirrus surface. X 18,800.

Fig. 2 Opening of the excretory canal (EC) on the tegumental surface, being surrounded by

densely growing microtriches. X 15,000.

Fig. 3 Cross fracture through the tegument, showing high density of microtriches (M) and

the distal cytoplasmic layer (DC). X2,500.

Fig. 4 Dense growth of microtriches, showing the cylindrical proximal part with whip-like

slender distal part, and the undeveloped, short microtriches (arrows). X25,000.

Fig. 5 Basal region of microtriches, showing numerous excavations (E) and pores (P); note the

surface pattern of microtriches (arrowheads). X44,000.

Fig. 6 Cross fracture through the distal cytoplasmic layer of the tegument, showing a porous

structure (arrows). X 1,000.

Fig. 7 Distal cytoplasmic layer of the tegument, showing vesicles (V), spherical bodies (SB)

and the meander of the membranous structure (arrows) near the basal membrane.

X43,000.

Fig. 8 Cross fracture through the tegument, showing vesicular pore (arrowheads) and peculiar

complex membranous structure (arrow) which are connected with the basal membrane

(B). X7,000.

Fig. 9 Cross fracture of the basal membrane complex (B), muscle layer (M), excretory canals

(EC) and vesicles (arrowheads) in the cytoplasmic bridge (CB) of subtegumental cells.

X 10,500.

Fig. 10 Porous sieve-like structure of the basal membrane which was eliminated from the

superficial distal cytoplasmic layer by the pepsin treatment; note the miliar pores

(arrowheads) on the surface of the basal membrane. (10a. X5,000; 10b. X 10,000).

Fig. 11 Pores on the surface of the basal membrane; note the spherical bodies (SB) and amor

phous substance (arrow) in the pores. X 16,200.

Fig. 12 Cross fracture of the perinuclear cytoplasm, showing the nuclei (N) of the subtegu

mental cells in the porous, sponge-like structure. X3,400.

Fig. 13 Subtegumental cell, with a nucleus (N) and numerous vesicles (V) in the cytoplasm.

X 20,300.
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