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M.Sc. 

ABSTRACT 

Denis Cyr , Insti tute of 
p'arasi tology. 

DISTRIBUTION OF GLYCOGEN IN THE INTESTINE OF ASCAlUS .§!!!lM 

The intestine of Ascaris .!Ë.!:!!!!' which ru,ns between the 

pharyn~ and the rectum, has been subdivided into three regions. 

In each region, data on cell height anq thlckness of the basal 

lamella were collected and analyzed. The results were viewed 

~qainst the function ascribed to the region. The change in 

• 1 
cell height and 1n thiekness of the basal lamella between each 

region appears to oc~ in concert with the gradatiort in func­

"" ~ 

tion of the intestine. Chendeal analyses reveaied that in < 

, ~,,' 

fresh male and female worms, the levels of endogenous glycogen 

are highest, in the anterior intestine. In starved worms, thE! 
/ 

Il 

4!-op in intestinal glycogen occurred mainly in the anterior and 
r ~ )~\ ~ W 

·was mainly due to t~e TCA-extractable fraction. Differences 
- / 

in cell height, thickness of the basal lamella and glycogen <~ 

levels are presented as evidence for regional diff~rentia~ion .... ~ 
in the intestine of!. suum. 
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M.Sc. 

ABREGE 

Denis Cyr 

LA DISTRIBUTION DU GLYCOGENE ~NS 
LI INTESTIN DE L'ASCARIS SOUM 

Institut de 
Parasi tologie 

Chez l' Ascaris l!ill:!!!! l'întestln, qui se si tue entr~. le 

pharynx et le rectum, fut subdivisé en trois régions. Dans 

chacune d'elles, - la taille des cellules aInsi Le~ épaisseur , r-' r 

de la membrane basale furent mesurées. <"Les résultats obtenus 

-Ont été analysés en rapport avec la fonction assignée à la région. 
1 

La variation dans la tai Ile des cellules et dans l'épaisseur de 

la membrane basale entre chaque région, semble se manifester en 
/ 

accord avec la gradation des fonctions de l'intestin. Des 

analyses chimiques ont revélé que chez le mAle et la femelle, le 

niveau de glycogène est le plus élevé dans la région antérieure 

de l'intestin. Chez le parasite privé de nourriture, la baisse 
/ 

du niveau de glycogène dans le tissu intestinal s'est manifestée 

principalement dans la région antérieure de l'intestin, attribu-

able surtout à une baisse du !1iveau de glycogè~e extrait par 

1111 'acide tri chloroa cétiqu e. Les di f férences, au ni veau de la 
,-

taille deS'c e'e1!"Ùles, 'de l' épaiss~ur lie la membrane basale et de 

la quantité de glycogène sont consid~~~es comme preuve ~ l~appui 
~-

d 1 i ' ./ e a variat on reg10nale,de l'intestin dJAscaris ~. 
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CHAPTER :r 

INTRODUCTION 
p 

The intestine of Ascaris ~ is a long; stra:lght, tube-

like structure that runs the Iength 'of the worm between the 
_ 1 ----t__ .; --- , 

~ \ ' 
anterior muscular pha:r:ynx and the short rectum. Unlike the 

Jo' '1 

vertebrate, alimentary t:r;act, thé intestine of A., ~ 'is struc-' 
, o. 

'1 

turaIIy uniform along its length.' The intestine of ~. suum is 

dorso:"ventrally flattened and is composed of a single layer, of 

columnar cells resting on a basal lamella. Despite the Iack v 

, " 
of several ce11 types aI:ld gland\)lar secretions, t~e ,~ntes~ine 

of A. ~ is nevertheless capable o~ assuming Us role as the . . 

. principàl route for the upt.ake of nutrients (Fairbâirn, 1957 ~ 
, , 

von Brand,' ~966). By ana10gy to the digestive system o~ other . 

parasites l and, vertebrates t the intestine' of ~. ~ has been 

o 

subdivided into secre~ory and absorptive regions. Thus , Lee 

(1965) ascribed s~cretory functions to the anterior, and absorp-

tive functions to the middle and posterior. Although regional 
, ' , 

differentiation in the intesti~e of ~.' .!B.Y!! has' been su'spected 
", 

l ' 

by a few researchers (Ch~~ and Chitwood, 1937: Harpur t 1977 L 
,.. , ' 

virtual1y 1ittle work has been carried out in this particular 

area. 
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The present study was undertaken to determine whether or 

not there is morphological evidence of regionai differentiation. 
1 J 

The parameters chosen for investigation were the size of cells, 

tge thickness of the basal lamella and the 1evels of endogenous 

glyoogen. These were exarnined in aIl three regions of the in-

testine. The rationale for this is that since the intestine'of 
, ... 

!. .!.Y.Y!'9 has no accessory glands and is composed of a single celi 

type, differences b~tween regions may be" located in the struc-

tural features of cells. Because the passage of materiai across 

the intestine may be related to both-th~ laterai plasma membrane . . 
and the ba~al lamella, morphometric data are ana1ysed and viewed 

/ against the function ascribed to the 'region of the intestine. 

~ndogenous glycogen in each region of the intestine is quanti-

fied and, by virtue of its involvèmen~ in the secretory and ab-- , 

, . . 
80rptive prçcesses, -i8 associated with the levei of cellular 

activity. In the light of evidence concerning the metab01ic in-

ho~geneity'between the acid-extractable glycogen and the glyco-
,. . .' 

gen. extract~ by a l'ka li (Stetten ~ al., 1958) '. for each tissue 

saœple the glycogen extracted with' trichloroacetic wae measured 
, . 

sèp~rately.from·the residua1 glycogen recovered byaikali. 

Th~ differ~nces- in ceil height" thic'kness of the basal 

lamelta and lev~ls of glyooqen between the anterior, middle and 
, . . 

* , 

po~ter~~r i~testine, as weIl as a'differential depletion of the 

! () ";'.- endo~enÔUa~lYCOg~n in'ea~h,r~qion, are presented therein as 

1 .' 
" 

·I~ ...... '; ", '.' _ .. _----_..:....---- ------- - -- - - --
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'\ CHAPTER II 

; r :' 

~ 
,. LITERATURE REV!EW , .' , 

l NT RODUCTIOlil 
," 

The present .techniques empIoyèd in the qualitativ~ and 

"quantitative s~udies'of glyaogen have oeen widely'investigated 
. ' f 

during the last few decades t 'and have J?rov~de~ a g~eat deal of 
/ 

information on the' nature and ,function of the glyèogen molecule. 

The role of intracellu1ar glycogen as an energy reserve for in-
,/ 

tes~·inal parasi ~es has beet;t largely emphasized (von)~ran1" 
"."f ... 

'1979), although the 'true nature of glycogen extraeted by the 

reagents cu~rently used.~s been the subject of eontrôvergies 

during the past years (stacey and Barker, ,1962). Therefore, to 

.' çritically evaluëlte~ the functional signifieance of glycogen in ~ 
1 

t}le three: regions of the' intestine of Ascaris~, i t is' impor-

• tant to review (1) the techniques employed for the study of g1y-
, 

eogen, (2) the structural and physiological aspects of the nema-. . 

~ode i~testine, ~nd (3) the fine morphological and fu~ctional 

variations along the intestine of !. ~. 

ESTIMATION OF GLYCOGEN FROM TISSUE SAMPLES 

1. Introduction 

It has been generally reeognized ainee the time of Pfluger 
4 

< ~ 

~ 
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that tœprovements in the removal of glycoqen from animal tissues 
1 

requtres sQphistication of both the extraction technique and the 

method of determination., The first important source of possible 
t • 

error in qlycoqen estimations from any tissue relates ,to the 

completeness of the extraction where clearly the\amount of qly-

cogen remaininq in the tissue w~ll depend upon the care taken in 

tne extraction procedure. The secon~ possible source of error 

relates ~o the method employed for the quantitative esti~tion 

of glycogen, by the use of carbohydrate reagents which must ex-
, ; 

hibit a' certa.in degree of specificity and precision. It is 

therefore important to review shortly the routine'technique 

employed, and define precisely the polysaccharide, that i8 
, . .... 

being.qua~tified. 

2. Carbohydrate Extraction Methods 

Alkaline Diqestion 

Claude Bernard~ in 1857, was the first to successfully 

isolate glyoogen from tissue by previous treatment with alkali. 

oonsequently, alkali has been widely employed in the extraction 

of tiss~e q1ycoqen, especia11y since the improvement of Pf1uger's 

method brought fqrth by Good, Kramer and Somogyi (1933). The ,- - , 

use of potassium. rather tban sodium hydroxide (Somoqyi, 1934) 

for the preparation of qlycoqen solutions is preferred in order, 

to avoid the formation of solid sodium soaps and'of-sodium 

• 
i 

.\ 
L 

-------- ~ ,,' J. ' 
__ œ ..... · __ ... ti:±iirl' ·rila"_.it1!! ..... ~J~..,."·_~!~..,,...,. • ...,.,...'I""" ~'i_~_ .............. ~_..,.' .... ;!' ... TI.....,' ..... ....--J ~.~~ ... ~" .... 4""'>-~A" ~ ... ,- '.::.,'.,,-.........-?-~' :!: .. =====-_ ....... ;;;;;.."J 
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. / 
carbonate wh~ch i6 sparingly soluble in ethanol. It is gener-

ally agreed that the use of potassium ~ydroxide for quanti ta-

-
tive estimations of carbohydrates in tissues is most adequate, 

however, questions were raised as to the quality of the glycogèn. 

Subsequently, investi9ations,were undertaken to study the ex-

tracted glycogen from a qualitative standpciint. 

From determinations obtajned by light scattering methods, 

carroll ~ !.!._ (1956) reported a greater reducti~n in the molec-
1 

ular weight of glycogen when hot alkali is used instead of co1d 
1 

trichloroacetic acid. Later, stetten and Katzen (1961) demon-

strated that this reduction in molecu~ar weight is due, at 

least in part, tQ a chemical attack on the reducing end of th~ 

molecule. In fact, the treatment of glycogen with strong a1kali 

produces a 10- to lOO-fo1d reduction in the molecular weight 
~ 

,a1ong with chemical a1terations of the molecule (Orrell and 
1 

Buèding, 1958). Further, dia1ysis experiments by carroll ~ 
, 

!l. (1956) on a1kal~ d~gests of iiver revealed ~he presence of. 

water-soluble, alc~hol preci~i table, "anthrone-sensi ti ve mater-
1 

ial other than glycogen which persists even'after prolonged 

heati~g in alkali. Russell 

residual po~accJaride not 
J 

and Bloom (1958) indieated that the 
. . 

extracted from tissue by trichloro-
, 1 

acetic acid, but rendered soluble by alkaline digestion, h~s 

the properties of glyeogen sinee that material was attacked by 

alpha-amylase. These researchers also concluded that a portion 

1 
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of the native glycogen,' which Lazarow (1942) earlier suggested 

to be associated. with proteins, ie bound in such a manner that 

the degree of attachment is not disrupted by trich1oroacetic 

acid but is 1iberated by heating with strong a1ka1i. 
, 

B100m and co-workers (1951) introduced in th~ 1iterature 
" 

the distinction between an "easily extractable" and a IIdiffi-

cultly extractab1e ll form of g1ycogen. By difficultly extract-

able or ltresidua1" glycogen is meant that polysaccharide which 

rernains .Hr tissues afte., exhau-stive extraction by mild reagents 

such as water or cold trich1oroacetic acid (Stetten et al., 
)--

~ 

1958). In'ear1y studies on rat liver and muscle (Russell and 

B1oom, 1958) as weIl as in recent work on the intestine of 

Ascari~ ~ (Schanbacher and Beames, 1978), the changes in the 

total glycogen are accounted for by variations in the acid-

extractable glycogen whereas the alkali extracted glycogen re-

mains constant in arnount. In view of the-difference in response 
) 1 

to the changes in total glycogen, comparative studies were car-

ried o~ to evaluate the use of milder reagents such as tri­

chloroaceticJacid (carroll ~ ~., 1956; Stetten et !l., 1956) 
, , 

and cold water (Bueding and Orre11, 1961). 

Trichloroacetic Acid Extraction 
/ 

A second method, ~hich employa trichloroacetic acid (TCA), 
-- -

was outlined by carroll ~!l. (1956) and has been wide1y used 

1 
1 

1 
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during the last few decades. Due to the appreciable reduction 

in the molecular weight ot-glycogen extracted with potassium 

hydroxide, it ls clearly desirable for qualitative studies to 

obtain glycogen which i6 minimally degraded so as to approach 

the molecular weight of the macromolecule in its "native state". 

Regardless of whether ~edimentation or light scatterlnq measure­

ments are ~ployed, the extraction of tissue g~ycogen with TCA 

instead of KOH is shown to exhibit an appreciably lower 
. 

degradation of the polysacchar~de and a decrease in the 

molecul~~ weight by a facj:or of only 10 to 50 (Bueding and 

Orrell,1964). 

However, for quantitative analyses, trichloroacetic 

acid being a,mild extracting agent removes only a portion of 

the total glyèogen (Kemp and Kits van Heijningen, 1954) and 

that which is termed t~eadily extractable fraction (Bloom 

~ al., 1951). Russell and Bloom (l958) measured the 

propor>i0n of TCA-extractable glycogen and feund it to be in 

,the order of 60-70% and ,80-90% of the amount determined by 
1 

both TCA and KOH for rat liver and muscle, respectiv~ly. 

Nevertheless, Carroll and co-workers (1956) maintained that 

, 1 cumulative recoveries of glycogen obtained by five homogen-

izations in 5% trichloroacetic acid represented up te 97% of ,/ 

the qlycegen present. , 

. As mentioned previously, studies on the quantitative re­

lation, between residual and total glycogen extracted from fed 

and fasted animaIs, revealed that the proportion of readily 

t 

li 

.... , .... ~, 
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iCA-extractable glycogen is not constant but varies in a con-
~, 

( ff 

sistent manner with the nutritional state of the animal. These 

'findings, along with the fact that the residual glycogen re-

mained relatively constant in amount at aIl times, led Russell 

and 'Bloom (1958) to believe that the acid-extractable glycogèn 
,\ ; 

represents a more physiologically active fraction than that 

extracted from the residue byalkali. In contrast,' the inter-

pre~~~ion of r~sults obtained by isotope studies, led Stetten 

and stet?én (1958) to conclude that the residual glycogen re-' 

presents the most physiologically active forme They suggested 
" 1 

,th~.t ,1th~ residual .glycogen, which is presumably protein-bound, 

is at" 'least in part associateêf'with enzymes involved in glyco-

gen synthesis and breakdown. The resulting controversy, as to 

wh i ch" fract:;Qn is the most physiologicall,y active, ia apparently 

resolved by a third extraction method which uses cold water te 
-', '->1 

'~bbtain onlya slightly altered glycogen macromolecule. 

Cold Water Extraction 

In contrast to the twe previously mentioned methods of - ., 
extraction, 'the c:old water proéedure has revealed itself- to be 

• 1 ~ 
useful, particularly in studies eoncerned with the charaeteri-. ..", 

~ 

zation of glycogen (Buedinq and Oirell, -1961). However, the 
( 

, 

cold water procedure ia not suitable for quanttfative estima~ 

tions of qlycogen sinee appreciable amounts are lost during the 

------ , --:,------------
~"~" _ ~,--~-........ - .. ,,............~.-....;;,.J...,, .. ~.'~ .... ,,~ . .J .. i;... , 
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separation step {Bueding and Orre11, 1964}. Nev~rtheless, from 

the sliqhtly altered glycoqen mo1ecu1e obtained by the mi1d 

extraction, sedimentation analyses have revealed a great poly-

disperse population of glycogen characterized by more or less 

~wo regions of sedimentation coefficients in parasites such as 
1 / t 

Fasciola hepatica (Bueding and orrel1, 1961), Ascaris 1umbri-

coides (Orrell and Bueding, 1964) and Hymenolepis diminuta 

(Colucci et al., 1966). 

Apart from a qreater polydispersity, Orreli and Bueding 

(1958) found the molécular weight of co1d water extracted gly-

cogen to be at least 10 times that of glycogen extracted with 

cold TCA, and 50 to 100 times that of alkali extracted mater-

ial. Sedimentation analyses revealed that when the cold water 

procedure 18 used instead of the hot alkali procedure, a heavy 
1 

component is detectable. Furthermore, this heavy fraction of 
/ 

glycogen exhibits Changes related to the nutritional state of 

the organism (Orrell, Bueding and Colucci, 1966). 

However, the changes in the sedimentation coefficient 
• 

spectrum of glycogen induced by starvation most 1ike1y resu1t 
-

from the mobilization of both the light and heavy components of 

glycogen. Buedinq and Orrell (1961) suggested that the high 

molecular weight fraction mayJbe produced from, or converted 

into, the lighter component depending op the level-of total 

glrcogen• 
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3. G1ycoqen Determination Method, 

The development of microcolorimetric technique for the 

determination of glycogen has resulted in a large measure in the 

• ' replacement of the earlier volumetrie (Good et al., 1933) and 

. ". 

turbidimetric (Cifone11i and Smith, 1955) procedures. Among 

the ~ny reagents used in colorimetrie tests (Duboi~ ~ A4., 
~""s-

1956·), the anthrone reagen~ has proved to be exee,llent for the 

determination of glycogen. 

Anthrone Method 

The anthrone reagent, whieh was first used as a qua1ï-

tative test for carbohydrates, was subsequent1y adapted for a 

quantitative estimation of carbohydrates and glycogen by Morris , ' 

. 
,(1948). Seifter and co-workers (1950) recommended the use of 

the "direct procedure" for tissue of high giycogen content, in 

which the a1kali digest is directly treated with anthrone re-

agent. However, for tissue of low glycogen content, the t~in-

direct procedure" is recommended, in which glycogen is first 

precipitated with etha~olt 

Since .. the anthrone reagent can react with material 
if! 

cl08ely a8soeiated with glyc6gen (Carroll ~ ~., 1956) inc1ud-

ing hexose phosphate -(Mokrasch, 1954), it therefore appears pre-

ferab1e to iso1ate carefu11y the glycogen from the digest before 

colorimetrie determination. Nevertheless, fo110wing an adequate 

---

-.::-----~--------------
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'extraction procedure, the anthrone method bas be,en reported to 

exhibit a hiqh degree of specificity and precision (çarroll ~ 

al. 1 1955). 

4. Conclusions 

-----1 

1 

It,seems likely that the use of ho~ alkali is suited for 
) , 

quantitative studies o~ qlycogen, whereas the cold water pro-

cedure is preferable for a qualitative approach. Mor~over, the 

trichloroacetie acid technique appears to be a good compromise 

between alkali digestion and cold water extraction, in which 

the quantitati~e and qualitative aspects of extraction are to 

some degree retained. 
1 

... 

Because of the relatively high levels of recovery (carroll 
- 1. 

~ al., 1956) and comparatively moderate alteration of the native 

qlycogen (Stetten and Stetten, 1958) 1 the trichloroacetfc method 

was chosen for our work. However, it is emphasized that the 

accuracy of each technique resides in both the completeness of 
, 

the extraction and th.e quality, of the qlycogen extracted.- Par-
'I 

ticular attention is therefore given to the use of ethanol in 

the precipitation of glycoqen, and in fact a concentrat~on of 

ethanol exceeding 66% precipitates virtually aIl of the glycoqen 

present (Bandel, 1965). 

The qUalitative aspect of the ma~erial isolated has been 
1 

investigated 'extensively, and therefrom glycogen characterized 

1 

1 
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from a technical point of view. Bandel (1965) proposed glycogen 
1 

'to be defined as material from alka1ine digestion, preci'pitab1e 

with et~nol, which reacts with anthrone to, give an absorption 
. 1 

peak at 620 nm. 

For aIl intended pur.poses, and so a8 to be consistent 
/ , 

with the ~ethods employed in the present work,glycogen i8 de­

fined as aIl anthrone-sensitive material with an a~sorption 
1 

?eak at 620 nm Pfecipitab1e with ethanol from TCA filtrates and 

KOR -cÛgests. 

MORPHOLOGlCAL ASPECT OF INTRACELLULAR GLYCOGEN 

• '..J. 1 Among, the var10US typ~s of branched·Dtructures for. gly-
. 

cogen which have been,deduced from chemica1 investigations, 
, 1 

Meyer and Bernfield's tree-like structure of branching poly­

saccharide chains is presently the most favored. The minute 

structure of glyoogen is comprised of several hundred units of 

chains of a-1,4 linked D-glucopyranose residues with a-1,6· 

inter-chain links. However, because of its size, the branehing 
1 

pattern has not yet been observed in the e1ectron microscope. 

Nevertheless, with the advent qf specifie staining for electron 

of 
optical demonstration of polysaccharides, stained materia1 cor-

1 

responding to glycogen cou1d be observed. 

---

Independently'of phYBico-chemical studies, electron micro-

scopy has enabled researchers to investigate large particle. 
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located in tissue regions which were known to be rich in gly-

coqen (Faweett, 1955). In aqreement with chemical âtudies, 

electron microscope observations revea1ed two basic types of 

qlyeogen partieles which differ in partiele size. 
{ 

The fir~t type consists of single particles some 20-24 nm ~. 

in diameter, which Drochmans (1963) ca1led beta particles. The 

seco~d form of qlycoqen, the alp~a partiele, is a rosette-like 

unit (100-150 nm in diameter) which presumably consista of 

,closely packed beta particles. Both morpholoqical types are 

believed-to represent the native state of qlycoqen in the tis-

sues. Bowever, the probable existence of intermediate forros 
t;) 

cannot be excluded and ,it ie assumed that the morphologi~a11y 

identifiable forms are the extremes bf a qraded spectrum (Revel, 

1963). This assumption is supported by size measurements of 

g1ycogen where bath alpha and beta particles were reported to 

exhibit a wide size distribution (Drocbmans and ~antan, 1967). 

Furthermore, these researchers found that, fo1lowinq exposure to 
1 ~ ~ 1 _ --

a 10w pH, the beta particles could be subdivided into sma1ler 

gamma particles wi th approximate1y the same size as the motecule 
\ 

extracted from tissues fo11owing alkaline digestion~ 

In-an attempt to characterize the type of g1ycoqen re-

maining after a1ka1i treatment, Revel (1963) digestid 1iver gLy-

coqen with boilinq potassium hydroxide and observed the product 

under the electron microscope. He reported an accumulation of 

. ' 
'" i 
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. ' 

amall particles' sitni.lar to beta glycogen which had replaced the 
, 

la~ger oomplex units corresponding to atpha particles. 

Morphological observations theréfore seem to coincide 

with resulta-ôbtained from physio-chemical st~dies, in that 

alkali treatment does degrade glycogen to ith low molecular , 

weight forma. Neverthe1ess, additional microscopie" examinations 
~ '0 

remain to be carried out so as to look at th~variations in the 

amount of alpha and beta particles during changes in the nutri~ 
\ 

tiona1 state of animaIs,' incÎuding Ascaris ~. 

CARBOHYDRATE UPTAKE IN ASCARIS ~ 
A~ OTHER PARASITES 

, 
Experimental examinations of'nutrient uptake of Ascaris 

.!!!!!!! have shown th~ intestine to be the principal ~ite of ab­

sorption c;Iespi te reports that the cut:l:cle is permeable to water, 

ions and to certain hydrophobie chemicals (Fairbairn and Pass~y, 

1957; von Brand, 1966: Lee, 1965). In spite of reports that 

glucose is not transported throuq~ the cutiale (Muel 1er, 1929: 
, " . , 
cavier and Savel, 195~), Hobson (1948,) working with cuticle 

scraped,free of muscle, maintained that the cuticle ls permeable 
1 

to glucose and other substances., 'Bowever, Bobson's (1948) re:" 

sutta were criticized by Roberts and Fairba~rn (196?) : ,they 
.' 

be1ie~ed to he questionable since cuticle treated as such was 

IlOt phys"iologically normal. castro and Fairbairn (1969) later 

-- .--
---~ -- ... -_ .. ~---""-" ........ ".,.,..._ ...... -.,....--"'...; .. ,;- .... ~ .~-
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v. f"> r, 
. de~nstràt~, tpat cuticülar absorption of glucose in ~. ~ 

, ' 

. 
~-

'acç~:)\Hl1:s rouqhly for 2% of the 
1 total g;Lucose consumed. As a 

. ( 
glueose-14c absorbed via the 

. . 
result of the ',Small amounts of ,. ..' 

t ) ~ ., \ _ 

'cuticle, it 'was therefore oonciuded that the intestine of A. 
~ J>.." " 

~uum~ is the chief and perhaps the only route for glucose 

uptake Wherea~ the cuticle's role in the absorption ol<ilucose 

'is .quantieatively unimportant. 

'On account of its supply of hydro1ytic digestive enzymes, 

the intestine of .!. !Y.!!!!! appears weIl adapted for the breakdown 
1 

, 1 

and assimilation of nutrients (Rogers~ 1940~ carpenter, 1952~ 
, 

Lee, 1~62a). . " In addition to disaccharidases ~~z •• sucrase, 

maltase (Palma et al., 1970) and~treha1ase (Feist!1 al., 1965), -- . 
the intestine a1so po,sesses proteolytic enzymes (Juhasz, 1979) 

l ' 

1 • 1 

as weIl as esterase (Lee, 1962b) and monoglyceridé hydrolase 

(Beames !J:. !lo,' 1974"). However, the intestine of !. ~ ~ably 

lacks "lactase activity and galactose ia not transporte<! to any 1 

significant exeent (Beames, 1971), but lactose is not 1ike1y to 

be found in tlle intestinal content~f the adult pig (Saphueza 

.!!: .!!., 1968). These facts correspon~ to the wo~' s inabili ty. ' 

to synthesize glycogen from lactose and galactose (Beames, 1971)., 

whereas sucrose, maltose, glucose and fructose are assimilated 

into glycogen (œvier and Savel, 1952). 
! 

" The re1atively'high .specifie activities of the digestive 
, '" . 

enzymes,·occur~ing primarily in the brush border ragion of the 

---,- .~ ---.. -, .",--- --

b • 
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.. 
cell" prompted Gentner and co-workers (1972) to assume the in- ... 

volvement of membrane digestion in the uptake of nutrients. 

~e con~ept of membrane digestion introduced by Ugolev (1965) is 

befieved to occur in vertebr~tes and ma,y also exist in lower in-

vertebrates such as ascaroids, since cell1,11ar fU,nction and struc-

ture are similar in both A. ~ and mammalian intestine. Unfor-

.' -
tunately, this pas ,not been investigated extensively in nema-

todes. Basically, the process of digestion proposed by Ugolev 

(1965) consists firstly of luminal hydrolysis, followed b~mem-

brane dige~tion and absorption. Furthermore, it was suggested 

that parasitic worms infesting the intestine of highe~ animaIs 

are left with only membrane digestion and absorption sinee prev­

Jous treatment of foodstuff is done by the host's digestive 

system. However, this does not necessarily exelude the exist-

1 en ce of intracellular digestion in nematodes (Weinstein, 1966: 

Sood and Sehajpal, 1978) which Riley (1973) diagrammatica11y 

represehted in his work on Tetrameres fissispina. 

Membrane digestion of sugars is Inevertheless reviewep as 

an efficient system, where the hydrolysis of carbohydrates occur-

ring in close proximity to thè absorptive surface ensures a 
r --~ 

j.-
)Ir 
r~pid and complete uptake of the resultinq monosaccharides. 

-' ., .... 

"This seems to be in agreement with results obtained by Palma and 

co-workers (1970) from which they eoncluded that in A. ~, the 

polysaccharides are ~ydrolyzed into monosaccharides before any 

1 

1 

1 
j 

! 
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l 
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absorption into the cells occurs. Further support for the break-

down of carbohydrates occurring at the luminal end of cells, 
, 

stems from the fact that low endocytotic activity was reported 

in the intestinal cells of ~. ~ (Van d~n Bossche and Borgers, 

1973) and Cosmocerca ornata (Co1am, -197,1a). 

Experiments on closed sacs of A. ~ gui: have shown that 
~ j 

intestinal absorption of glucose is an efficient procesS and is 
! 

capable of operating against ,a high concentration gradient (cas-

! 
tro and Fairbairn, 1969: Harpur and Popkin,' 1973). However, 

, 
Beames (1971) suggested that in the in vivo situation, there -,--
actually exists litt le or no concentration gradient across the 

gut of A. ~ since glucoSé concentration in the hemolymph was 

reported t.o be low (Fairbairn "and Passey, 1957). In the course 

-
of being actively transported, glucose does not entirely depend 

o 

upon its .own metabolism for energy to drive its own transport, 

and presumab1y, inclu~s the utilization of endogenous carbo-

hydrates. ciFcumstantial evidence of the inwolvement of glyco-
, 

gen-in the active transport of solutes was brought about by Co-

lucci and co-workers (1966) where, upon subsequent incubation in 

a glucose enriched medium, severely starved Hymenolep1s diminuta 

converted over twice as much newly incorporated glu~ose into glu­

cogen than the fed or moderately starved cestodes. ,Conversely, in 

A. suum, the absence of glucose in the incubation medium has led 

to a depletion in glycogen stores~ notably in the intestinal cells 

, , 

" 
" , 
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(Schanbacher and Beamesi 1978). 

The'amount of glycogen in the intestine is relative1y 

minimal when compared to the levels fOUITd in the muscles of A. 
,< -

~ (Roberts and Fairbairn, 1965). The' lIintestinal" glycogen 

represents roughly 2 0 6% of the total glycoge~ content of the 

worm (Fairbairn and Passey, 1957) and since approximatelyone 

half of the glucose consumed is~incorporated into whole body 

glycogen (Entner and Gonzalez, 1959), it is assumed that a small 

fraction of the newly absorbed glucose is indeed incorporated 
J ' 

into intestinal glycogen. The levels of ~otal carbohydrate 

extracted fram the intestine of A. suum are re1atively low, with 

values such as 47 ~moles/gram (Fairbairn and Passey, 1957), 27 

~mo1es/gram (Harpur and Jackson, 1976) and 17 ~1es/gram (Schan-

bacher and Beames, 1978) of the fresh tissue weight. Further-

more, reports indicate that in!. sùum, approximately 83% (w/w) 

of the total carbohydrate extraeted from the intestine is endo-

genous glycogen and 17%' trehalose (Fairbairn and Passey, 1957; 

Schanbacher, 1974). 

Apart'from chemical analyses,numerous descriptive studies 

on the intestine of A. .!!:!!!!!! have aiso shown glycogen in the cyto-
, • i 

pla sm of the cells (Kessel et al., 1961: Sheffield, 1964: Borgers 

and DeNollin, 1974: ~rimble and Thompson, 1975) (see Figure 1). 

During observations made on the development of the second stage 

!. ~ larvae, only the rosette-like glycogen was reported in 

--_____ ,or-~ _ 
----_.--~--

__ ... -.----...... --i-----, - -" 
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Figure 1. Electron rnicrograph showing the alpha 
partieles of glycogen in the eytoplasm of 
the intestinal celle " J\.ggregatea of gly­
cogen (G) are present in the eentral por­
tion ~f the cell above the nucleus eN). , 
x 4,300.-
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the intestinal cells (Jenkins and Erasmus, 1971: Rubin and Tre-

1ease, 1975). Notab1y, in the second-stage 1arvae, the g1yco-

gen in the yet non-functiona1 intestine is de~ived frorn 1ipid 

deposits (Rubin and Tre1ease, 1974: Rubin, 1977) whereas i~ the 

adult A. ~, glycogen in the,intestinal cells is obtained from 

the absorbed glucose (Harpur and Jackson, 1976: Schanbacher and 

Beames, 1978). Bath the alpha and beta glyoogenlhave been seen 

in the intestinal cella of the adu1t A. suurn (Kessel et al., 

19q.1) as weIl as in the intestine of Ancylos'toma caniltum (Lee, 

1969), Phocanema decipiens (Andreassen, 1968), Trichinella spir-

alis (Bruce, 1966) and various other nematodes (Wright and Dick, 

1972) • 
.,..~'-~\ 
.... 01 ~ 1 

Studies on the types of glycogen and their distribution 

in !. ~ as, weIl as in ce~todes (Lumsden, 1965) have led to the 

suggestion that the alpha glycogen represents a storage forrn,since 

it is found in cells concerned primarily with carbohydrate stor-

age. On the other hand, the beta or single granule foon lB 

believed to be the readily uti1izable forrn, since it predominates 

in celi types with continuaI high enery demands. Suppo-rting this 
1 

view are results !~ained by Orrell' and co-workers (1964), where 

the progressive reduction in the relative'concentration of high 
« 

molecular weiçht glycogen in starving H. di minuta is interpreted 

as a breakdown of thè alpha glyoogen. 

Because of its relatively simple structure, the intestine 
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of !. .§B.!:!!!! has lent itself to numerous investigations for the 
1 
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study of glycogen deple'Ùion and the absorption of various sugars. 

In one such study, Beames (1971) reported that in order to main-
) 

tain the transport of 3-0-rnethylglucose across "sac" preparations 
/ 

'" of !. §.ID!!!! intes.,tine, the presence of exogenous glucose was re-

quired in the incubation medium. Therefore, he suggested that 

the intestinal cells may not be able to mobilize endogenous gly-

cogen for the active transport of sugars, or alternatively, the 
~~ 

small supply of endogenous glycogen was rapidly eXhaustéd. Suh-

sequent investigations supported the latter suggestion, in that 

the endogenous'glycogen is indeed mobilized for physiological 

processes such as the rnovernent of sugars acrass the intestine 

(Schanbacher and Bearnes, 1978)-.- In fact, the incubation of in-

testinal sac preparations in a glucose-free medium led to_ a 67% 

(Harpur and Jackson, 1976) and 100% (Schanbacher, 1974) reduc-

tian in the endogenous glycogen within an aO-minute periode 

Comparative studies have shown glycogen utilization to 

differ substantially between helminths kept alive under physio-

1ogica1 conditions and those ~intained in ~ conditions. 

(Read (1956), for instance, reported differences in the carbo-

hydrate C9ntent between two groups of cestodes, where after a 

20~hour period, !! .. diminuta maintained !!! ~ conditions had 

utilized 14% more glycogen than worms -kept !.n vitro. Von 

Brand and co-workers (1968), from their work on 'l'aenia 
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taeniaeformis, noted that dissimilarities between in ~ and 

, in vitro condi tiens could possibly lead to physiological dïffer-

ences. Possibly indicative af tbei1:occurrence in A. ~ is the 

/ 
fact that during the main~enance of live we~ in a glucose en-

I, 
riched medium, va~ den Bossche and DeNo1lin (1973) reported no 

- \ 
\ 

glycogen depletion Il between;: .. worms kept in vitro ftom 24 to 72 

hours, whereas Borgers and DeNol1in (1974) discerned a net drop 

in the amount of glycogen from intestinal' cells of worms that 
• à 

had resided !n vitro for as little as three hours after co11ec-

tiOri. 

--­Assess-I!lents of the amount of glycogen present in A. suum, 

as well as its dep1etion in starving worms, have been carried 

out with respect to whole body glycogen (von Brand, 1937), musc~e 

glycogen (Harpur, 1963) and glycogen from the intestine (Van den 

Bossche and DeNollin, 1973). In the light of evidence on region-

al differentiation a10ng the intestine of~. !!.!!Y.!!l (Lee, 1965: 

Harpur, 1977), this present study was carried out to deterrndne 

the levels of glycogen in the anterior, middle and posterior 

intestine. In addition, subsequent experiments were also' car-

ried out to determine if glycogen depletion in starving~. !!!!!!!! 

ooeurs preferential1y in one reqion of the intestine. With 

reports on differenc'es between regions, conoerning the levela 

of enzyme acti~ (carpenter, 1952) and the rates of sugar move-

ment aC]joss the intestine (Schanbacher and Beames, 1973), an 

~ ,-1---- '""., .. 

._~J .. ,,",,-1..,.._~:'.--..,_ ... _, ___ _ 
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attempt was made to correlate within each region the amounts 

of glycogen with levels of secretion and r~tes of absorption. 
, 

lt is believed that in so doin~, a greater understanding of 

the intestinal physio~ogy of A • ..!ID:!!!! wlll result. 

STRUCTURAL AND FUNc;'IONAL ASPECTS OF 
THE INTESTINE OF ASCARIS ..§!!!!M AND OTHER PARASITES 

The intestine of Ascaris'!YYID is dorso-ventrally flat- J ~ 

tened and is composed of a single layer of columnar cells on a 

basal lamella. In general, the cells of the intestine of A. 

~ are similar in appearance to those found in the mammalian 

int~stinal tract •. Ho~ever, the very low mitotic activity 

(mitotic coefficient value of 0.01-0.02 per 1,000 cells) char-

acterizing the intestine of A. suum (Anisimov and ToJpnaki:)Và~- ~-~-~ 

1973) is in contrast wi th the continuous renewal of the ~mmal-.. 
ian intestinal epithelium (Leb10nd et al., 1948). 

Unlike the vertebrate alimentary tract with its morpho-

logical1y discernible subdivisions, t~e intestine of !. ~ is 

structurally uniform along i ts length, between the pharynx and the 

rectum. In the adult worm, the intestine is approximately 

equal in length to that of, the worm i tself and increases in dia-

meter from 1.5 mm in the anterior to about 3.3 mm at the 1evel 

of the poster~or intestine (Harpur, 1977) • 'Of the severa1 parts 

comprl,sing the alime.ntary tract of A. .!!!!!m, the in~estine can be 

------------ \.~r J, 
, 1 l , 
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sing1ed out from the storna, pharynx, rectum and anus in that it 

is the on1y tis~ue of endodérma1 otigin and is not lined with a 

cuticle (Chitwood and Chitwood, 1937). 

A division of the intestine of !. ~ into an anterior, 

mid and posterior intestine was proposed by Harpur (1977) on 
1 

the hasis of the attachments ta the body wall. The in,testinal 

wàll of !. ~ remainsl multicellular in aIl regions ofl the gut , 

(Kessel ~ al., 19611 Sheffield, 1964) where~s in the hookworm 

Ancylostoma caninum for instance, the cells of the mid-portion 

of the intestine lose their l lateral~lasma membrane to form a 

syncytiJm (Andreassen, 1968). This syncytial structure which 

is also fourid in cyathostoma lari (Colam,l971b),Haemonchus con­

t<>rtus (Sood and S.ehajpal, 1918) and Synqamus ~h.a (Sorger-:­

~ al., 1975), passes ses aIl the intracellular organelles as 

weIl as the microvi1lar border characterizing the uninuclear'ce~ls 

of the intestine. The syncytium may be an adaptation of hema-

tophagous parasites, although not aIl blood feeding parasites 

have it (e.'iJ,. Metastrongylus apri) (Jenkins and Erasmus, 1969). 

The microvillar border is almost of universal occurrence 

in nematodes and is comroonly regarded as evidence for absorptive 

activity. In the intestine of !. ~, for instance, it is esti-

mated that the miorovi1li incr'~se the surface area by a factor 

of 75 to' 90 (Kessel II ll., 1961), whereas in!. canimum and 

Phocanema decipiens the increase is 35- to 40-fo1d and about 

t.,.l' 
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100-fo1d respectively (Andreassen, 1968'). However, estirnates. 

of surface areas from microvi11i measurements should be looked 

upon with some skeptieism ainee the size and àhape of the micro-

villi are known to be affected by the time of immersion in saline 

as weIl as the osmola1ity of the solution prior Ito fixation 

(Millington and Finean, 1962) .Furthermora,the microvi1li from the 

intestine appear to differ in shape between certain nematodes. 

For instance, in the intestine of Trichuris suis the microvi11i 
~ 

àre uniform1y slender (Jenkins, 1973) whereas in Metastronqy1us 

apri they are variable and poss~ss 1arge1y distended tips '(Jen-

kins and Erasmus, 1969) (see Figure 2) and in Leid~nema append-

icu1ata the microvilli are studded with minute vesic1es (Fe1d-

man, 1972). These alteratfons of form are somewhat distinct 

from the more usua1 distortion caused by vesicle extrusJona or 

b1ebs obsérved through the apical plasma membrane in ~. ~ 

for example (Sheffield, 1964: Trimb1e and Thompson, 1975) • . 
Neverthe1ess, th1s pinch!ng-off of the ~1asma membrane, whic~ 

l' , \ 

seemingly occursbetween the microvilli or\ a10ng their sides 

and ends f are viewed as either a mode of secretory release for 

digestive enzymes (Kessel.m:. al., 1961) and/or a mechanism féD~ 

excretion (Borgers and DeN011in, 1975). 

In addition t? the increased absorptive surface, the 

brush border a180 providea a tremendous area for enzyme acti-

vit y, Buch as tevealed ~Y the disaccharidase activity in !. ~ 
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Figure 2. Semi-diagrarnmatic representation of the 
microvilli of the intestinal céll from 
Trichuris suis (A) (after Jenkins-, 1973) 
and from Metastronczy1up apri (8) (after 
Jenkins.and Erasmul, 1969). The ~ymbols 
are those used by the original,authors. 
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(Gentner ~ !l., 1912). It has been known for years that t~e 

apical plasma membrane of 'a variety of cell types displays a 
J i;J 

po1ysaccharide-rich coating, the glycocalyx (Benriett, 1963). , . 

This extrace11u1ar filamentpus materia1~~is present in the immed­
'x ... 

iate vicinity of the epithelial cells in !. ~ (Sheffield, 

1964~ Trimble and Thompson~ 1975) and presumab1y acts as a se­

léctive barrier (Spiro, 1972), retarding the passage of mblecu­, 
les for enzymatic breakdown (Costerton et al., 1978) and ~rap-

ping.iohs as weIl as sma11 particles (Bennett, 1963; Lumsden, 

1973 )1. In addition to the entrapment property of the glyco-

calyx, it would seem that the adsorption process can also be 

enhanced by a high turn-over of membrane materi~l withi~ the 

brush .border (Forstner, 1971; Alpers, 1977) as weIl as pos-
, 

sible in ~ microvillar movemen~s (Mooseker, 1976). 
o 

In contrast to the membrane of the luminal end of the 

cell,' the baso1ateral plasma membrane is devoid of a mic:rovillar 

arrangement and glycocalyX coating. Nevertheless, the baso-

'lateral plasma membrane remains a si t# for the 'movement of ions 
\' , . 

a~d 4ter.· (.Hachen and Diamond, 1969 ~ Wall et g., 1970) iind 

:apids (Palay and Karlin, 1959) wliere, an estimated 85% of thé. '" 

total cell activity occurs (ScbDdtz et al~, 1973). Interest--- . 

ing1y enough, Harpur and Po,I.?ldn (1973) reported a dilation of 

the intercellu1ar spaces during the fluid movement acrossthe 

intestine of!. SUUM. They concluded that in!. ~, these 
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instertltial spa ces may be part of the route for the movement of 
j 

'water (and probabiy gl~cose) from the cytoplasm of the intesti-

nal cells to the pseudocoelom. lb ,support of the conclusion, 

the extensive and complex infoldings of the basolateral plasma 

membrane reported in ~~ ~ (Kessel ~ !l., 1961; Sheffield, 

1964), Metastrongy1us apri (Jenkins and Erasmus, 1969) and Trich-

inella spiral!s (Bruce, 1966) for example, are believed to stren-
, -

gthen the contact between cells (Pawcett, 1955) and may also 

provide the surface area needed for the volume expansion of the , 
interstitisl spaces. 

, 
Most investigations have been centered around the intes-

tine of the ad~lt A. ~, but a few researchers have studied 

the ultrast~cture of-the intestine in the early larval stages. 

Jenkirts and Erasmus (1971) reported the presence of undiffer-
1 

1 

L 
l . 

entiated cells in the anterior part of the second-stage larvae, ' ' 

and showed that these cells would eventually give rise to the 
~ 

j 

intestine. The_primordial ce11s form a column of seven cells 

which in the larvae taken from the 1iver, divide along the long­
/ 

itudina1 axis. At this 14 to 20 ce1l-stage, a discernible lumen . ' 

ie formed, put p'res.umab1Y remains a storage organ until the lung 
J j , 

stage at which time the intestine appears able to assume diges-

j tive functions. Notably, in the lung-stage larvae, the number 
) 

o~ cells visible in any cross-~ection ia much less than that 

_found in the adulte Furthermore, these cells are cuboidal and 

i J 
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1 

must therefore increase in size considerably during, larval de-
/ <, 

velopment so as to become the tall columnar cells of the adult 

stage. 

INDICATIONS OF REGIONAL DIFFERENTIATION 
ALONG THE INTESTINE OF ASCARIS SUUM AND 

OTHER PARASITES 

1 

Several param~ters can be used to show the existence of 

mo'rpholoqically and/or physioloqically different regions alonq 
1 , , 

the length ~f the nematode intestine. Morphological eviàence 

for reqional differentiation in ne~todes is seen with differ-

ences in (1) glycogen content, (2) microvillar size and den~ity, 

(3) abundance of endoplasmic~eticulum and Golgi,apparatus, (4) 

cell height and (5) thickness of the basal lamella. 
1 J 

Glycogen appears universally present in the intestine of 

nèmatodes, either dispersed in the cytoplasm of individual cells 

or scattered throughout the syncytial mass, but the amount pres-

ent seems to differ between certain groups. In the adult blood-
1 

_ feecHnq Ancylostoma caninum for example, the glycoqen content of 

the intestine is low whireas in Phocanema decipiens, which feeds 

on stomach cdntents, the levels are hiqh with glycogen oCcUpy-

in~most of the cell's cytoplasm (Andreassen, 1968). In a com-
1 

parative study, Andreassen (1968) indicated-that the level of 

glycogen in the intestinal cells could be associated with 'the 

mode of feedinq or more precissly with the availability of 
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foodstuff. 
! 

Apa+t from differences between worms, the amoUnts of g1y-

cogen in the intestinal cells also differ- depending on the region 

of the intestine in which the cells a!e Iocated. In the ascar-

oid Cosmocerca ornata (Colam,197Ia), 'the strongyloid A. caninum 
J 

(Lee, 1969) and three oxyuroiqs '(Anya, 1964), the midgut is 

shown te contain 1~tger ~mounts-of glycogen than the hind region 

of the intestine. In the present study, evidence is pres.ented _ 

which indicates such differences between regions of the intes-

tine in Ascaris ~. 
1 

The size and density of the microvillar border ha~e aiso 

been seen to vary aleng the intestine. In the intestine of ~. 

ernata the size and density of the ndcrovilli are reported to 
, 

decrease posteriorly, with a microvillar height r~ging from 

25 ~ te 0.5 ~ and a surface area incr~ase of 120-fold drop-

ping to a value of 0.5 (Colam,197Ib). Differences in length 

are also reported between the microvilli in the anter~or gut 

and their counterparts in the midgut of !. caninum, where micro­
J 

viiii of the anterior intestine measure 3 ~ high (Millrr, 1967) 

whereas those of the mid-intestine ar~ 8 ~ in height (Andreas-

sen, 1968). Des~ite the fact that the presence of microvilli in 

genera1 cannot be taken as unquestionable evidence of absorptive 

funetions, the brueh border ie nevertheless presentIy regarded 
J 

as playing an important role in absorption as weIl as in digestion 
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(Palma et al., 1970; Gentner et al., 1972; crane, 1975). 

The endop1asmic reticu1um appears to be present in the 

intestinal tissue of most nematodes and has been reported in 

representatives of ascaroids' (Kessel ~ al., 1961), trichuroids 

(Wright, 1963; Jenkins, 1973), ~trongyloids (Andreassen, 1968; 

Sood and Sehajpal, 1978) and oxyuroids (Fe1dman, 1972). The 

Golgi apparatus, in oontrast, is not a1ways present, and is 

,apparently absént in the intestinal cells of sorne nematodes in-

c1uding Trichuris suis (Jenkins, 1973), A. caninum and R. decip-
) , 

iens (Andreassen, 1968), and capi1laria hepatica (Wright, 1963). 

Apart from differences between wOrMa,in the intestine of Leidynema 

appendiculata the Golgi eomplex of the anterior region appeàrs 

morpho1ogica11y different from its counterpart in the posterior 

region (Feldman, 1972). Insofar as its role in the synthesis of 

secretory products (Bennett, 1970: Bennett and Leb1ond, 1970) 

and stora~e of intracellular lipid (Carde11 ~ al., 1967: Reaven 

and Reaven, 1977), changes occurring in tbe Golgi bodies may . 

ref1ect variations in function. 

The intestinal cells of!. suum are columnar in shape 

(Sheffield, 1964), with a difference ,in height between the cel1s 

of the) dorsal and ventral walls and those of the lateral 'folds 

of the intestine (Anisimov and Tokmakova, 1973). 
) 

Moreover, a 

marked difference in ce11 height ia reported between regions of .,. 

the intestine in !. ~ (carpenter, 1952). The cells are 
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C 
tallest in the mid-intestine (200 ~m), whereas the cells of the 

posterior intestine measure 35-56 ~m and those of the anterior 

range from 95 ~m to 2l0~. It is nQteworthy that the measure-

ments of cell height in the anterior intestine differ between , 

reports, with values of 50 ~ and 95-210 ~m from Sheffield (1964) 

and Carpenter (1952), respecti~ely. However, this discrepancy 

may weIl be attributed to the difference in treatment of the 

tissue prior to mic~oscopic examination or simply, differences 

between individual worms. 

Variations in the thickness o.f the basal lamella along 

the length of the intestine is reported within some individual 

worms, such as C. ornata (Colam r 197la) and k. appendiculata 

(Feldman, 1972). Unfortunately, no single study on~. ~ has 

revealed such a variation, but data from separate investigations 

indicate the possible 'existence of such a difference. From 

studies by Kessel and co-workers (1961) an~ Sheffield (1964), 

the basal lamella from the anterior intestine measures .6.2-7 ~, 

whereas the ~sal lamella fram the mid-intestine~s reported to 

be 3-4t:.f.lm thick (Peczon et &., 1975). 

The basal lamella surrounding the intestinè of A. ~ 
1 

is subdivided into two distinct sublamina of .fine feltwork 

(Sheffield, 1964) (Figure 3) where peptides, carbohydrates and 

cholesterol account for 91.4%. 4.9% and 2% respectively of the 
-

weight of the basal lamella (Peczon et al., 1975). Despite the 
. --
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Figure 3., Electron"'l'micrograph showing the basal 
lamella af the intes~inal ce~l in Ascaris 
~. Note the layered pattern of the 
basal 1~mel1a (BL) underlining the in­
testinal ce1l (C). X 1,800 • 
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-

lack of sialie acid and low ratio of disaccharides to hetero-

saccharides in the intestinal basal lamella of A. ~, the 

overall structural feature of the basal lamella is analogous,to 

that of vertebrates (Peczon et al., 1977). The basal lamella 

is generally regard~d as a diffusion barrier (Kefalides, 1973), 
/ 

where in the intestine of !. ~ the estimated value of the fil-

tration coefficient is_l.14 x 10-12 cm3/dyne-sec (Donahue et 

al., 1975). The ~sal lamella is apparently synthesized by the 

epithelial cells which it supports (Kurtz and Feldman, 1962) and 

1s cOI@lOnly found in both the mu1ticel'lu1ar and syncytial in-

testine. 

Interestingly, the basal lamella coverinq the syncytial 

mid-intestine of the hookworm A. caninum is 0.2-0.6 ~m thick - , 
, 

(Andreassen, 1968), whereas in the multicellular intestine of 

ascaroids it ranges from 2-3 ~ in P. decipiens (Andreassen, 

1968) to 7 ~ in!. !BYm (Kessel ~ !l., 1961). This differ-

ence between groups of worms, as weIl as the variation e~sting 

a10nq the intestine of some~ may weIl reflect.a variability in 

the absorptive funQtion of the intestine. 

Physio1oqical evidènce for regional differentiation along 

the intest,ine of !, • .!!!Y!!! includes a variation in both the absorp-

tionfrate of 3-0-methylqlucose acr~ss the epithelium and the 

level of enzyme activity. Followinq the study by Beames (1971) 
. 

on the uptake of 3-0-methylglucose by the intestine of !. ~I 
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Schanbacher and Beames (1973) presented da~a on its relative 

ra~ Qt-mQve~en~ across the antérior, middle and posteriorreg-

ions of the intestine. Their results indicated that the mqve-

ment of 3-0-rnethy1g1ucose increases progressivelY1from the an-

terior to the posterior region of the intestine. In fact, the 

rate of rnovernent across the intestinal wall ia sorne two tirnes 

greater in the mid-intestine and sorne three times' greater in the 

posterior intestine than it ie in bhe anterior intestine. Al-
1 

though the rate of movement of the non-metabolizing 3-0-

-~ethylglucose is recognized as an estimate of the rate of qlu-

cose transport, it has been suqqeeted that the intestinal car-

riers for glucose differ from those of 3-0-methylglucose sinee 

the maximal rate of transport of the latter ie approximately 

twice that of the former (Thompson, 1979). 

Also in support of a gradation in function alonq the in-

testine of !. ~, is the uptake of vitamin B12 (cyanoeobala­

min) which is reported to predominate in the anterior region 

(Zam and Martin, 1969). In contras~, the relatively low rate of 

movement of triqlycerides across the intestine of !. ~ re-

mains unvaried throughout the lenqth of qut (Beames ~ ~., 

1974). How~er, in view of the low values reported for the 

movement of triglycerides, it iB possible that a significant 

difference between regions of the intestine may go undet~~: 

Numerous investigations have been'carried out on the 

• 
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proteolytic and hydrolytic enzymes from the intestine of A. ~, 

bût unfortunately, there is little or no mention of the region 

of the intestine which is used. A few researchers, however, 

have taken into~ccount the different regions of the intestine 

i n ~. ..!!!!!1!!, and the results obtained indicate that the 

anterior· intestine is the prevailing region for enzyme secre-

tian. Biochemical determinations of digestive enzyme activity 

and its distribution in the intestine of A. ~ were primarily 

carried out by carpenter (1952). Her results indicated that 

am~lase, maltase, proteinase, peptidase and lipase activ~ty pre-

dominate in the anterior intestine. 

Rhodes et al. (1963) reported the presence of enzyme inhibitors 
., 

in the intestin~ of !. ~, which presumably confer a protec-

tive role by their action oh the host'a trypsin and chymotryp­

sin. Recent work, in which the intestine of A. ~ was suh-

divided into three parts. indicated that both trypsln-inhibitor 

and chymotrypsin-inhibitor activity occur mainly in the anter-

, 0 
, . 

, 
l 
j 
l 
" , 

J 

io~ region and decrease'post~riorly along the intestine (Juhasz,1979) • 

Esterase as weIl as leucine aminopeptidase activity were 

det~rmined hiatochemically in the intestine of à. ~, but 

little or no difference in activity was observèd between reg-

ions (Lee, 1962a, b). Bowever, Lee' (1962b) has pointed out that 
1 

histochemical methods are 1ess sensitive to differences~ih acti-

vit Y than biochemical analyses. 
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The graduaI alteration of the bëlsic rnorphology as weIl as 

the gradation in function suggest that in sorne nematodes, in-

c~uding ~. ~, the intestine ie subdivided into regions with 

more or 1ess disti~guishable structural and 'physiological char-

actera. In the present study, differences in the estimated 

amount of atored glycogen between the anterior, middle and pos-

,terior intestine of~. ~ are assurned to be indicative of 

dissimilarities in the total cellular activity between these 

regions. 
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CSAP'l'ER III 

MATERIALS AND METHODS 

COLLECTION AND TREATMENT 
l, 

Adult Ascaris ~ were collected from the small intes-

tin~ of infected'pigs at a local abattoir. When removed frOm 

, the intestille, the' worms were either immersed i!'l liquid air or 

immediately placed in a warm saline solution (Harpur, 1963). 

For a series of experiments, the worms in the latter case were 
, 1 

transferred to a fresh saline so~ution"and kept in an ineuba-

-tor at 390 C: Bacterial growth was controlled by changing the 

saline every five hours. worms were removed from the saline at 

5; 10 and 15 hours after collection and ~mmediate1y immersed in 

liquid air. Before dissection, the frozen worlS were al10wed 

to thaw at room temperature for several minutes. To expose the 

intestine. the worms were pinneà down and slit longitudinally. ,. , 

The ~t was eut into three parts corresponding to the 

anterior, middle and posterior intestine, excised and immedi-

1 

ately p1aced in cold saline. To wash out the gut contents, cold 

1 
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1 
1 

1 
1 

l 
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1 

sal~ïe was gently flushed through with the use of a syringe. ,J l,' 

The pieces of intestine Were then damp-drieà on filter paper 

and the wet weight determined gravimetrica1ly. In order- to have 

42 
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sufficient glyoog~nlfor quantitative d~terminations. it was nee-

ess~ry to combine intestines from three different female worms 

or ,five different male worms for eaeh determination. 

ANALYSIS OF TOTAL ACID- AND 
ALI<ALI-EXTRACTABLE CARBOHYDRATE 

The sections of intest~,ne in aach tube were sonicated 

(Blaekstone ultrasQnie Probe Model BP2) in 4.0 ml of 5% tr~~ 
" <.; 

chloroacetic aeid (TCA) for two minutes an~ the pr~be rinsed 

with 2.0 ml of 5% TCA. Sonication proved to be better than the 

use of the ultrasonie homogenizer (Polytron) sinee more anthrone-, . 

sensitive earbohydrate was reeovered. The homogenate was centri-

fuqed at room température for 20 minutes lat 900 g. The result-

~-------inq clear supernatant was deeanted into a second tube an~~~ 

precipitate re~uspended in 6.0 ml of 30% potassium hydroxide 
" 

(Good et al., 1933). ---
For the precipitation of the TCA-soluble glycoqen from 

the 8upernatant, 2.3 volumes of 9,5% ethanol and 0.1 volume of 

saturated sodium sulfa,te (Handel, 1965) ~ere added. The mix-

ture was .tirred with a Vortex mixer and allowed tci stand over-

niqht at 37oC. After precipitation'was completed, the solution 

wa. eentrifu9,ed at 900 S for 20 minutes at room temperature. 

The supernatant was decanted from the packed glycogen at the 

bottom of the tube. The glycogen was then dissolved in 3.0 ml 
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'of disti·lled water. An aliquot of 1. 0 ml was taken and the 

amount of TCA-soluble carbohydrate determined colorimetrically 
, I~' lA 

" 1 

by the anthrone method (Seifter et al. , 1950}." cO 

j The original prec~pitate was dissolved in 30% KOH by plac- , 
1 

ing it in a boilinq water bath for one hour. After removal from 

the water bath, the volume was adjusted to 10 ml 

tion,of distilled water. ~ter thorough mixing, 

by the addi-

an aliquot of' 

2.0 ml was pipetted into a second tube, anduthe acid-insoluble 

glycogen was precipitated in the" same manner as described above. 

For glycogen de~ermination, 3.0 ml of anthrone reagent 

were delivered vigorously ~o the appropriate samples of glrco-

-
gen. The mixture was immedia~te1y stirred and the tubes then 

kept in ice-water. AlI tubes were capped and 8i~ltaneously 

immersed to a depth little above ,thé level of Lthe liquid in a 

wa.ter bath maintained at 800 e (Mokrasch, l1954). Af:ter 40 min-
\J 

utes, the tubes were then transferrèd to the ice-water bath and 

cooled at room temperature before reading on a Gilford Model.222 

and Beckman Mono.chromator Model DU spectrop~ofometer at 620 m~ 

(Morris, 1948). 

\. 

MICROSCOPIe ~NATIONS 

Light MicroBcopy 

Sections of the anterior, middle and posterior intestine 
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were obtained by severing the entire bod~ in 3-5 mm slices. 

These were fixed in 3:1 ethan~l and formalin (McManus and Mowry, 

1958), dehydrated in graded alcohol, cIeared in xylene and em-

bedded in paraffin. Sections were eut at 7 !lm and atained fol-

lowing the Bauer-Feulgen reaction procedure (Humason, 1972).' 

Controls were carri"ed out by digesting sorne sect~ons with 1% 
, 

(w/v ) solutidn of diastase at 370 C for one hour. Measurements 

for cell height andcthickness of the basal lamella were taken 

from the dorsal.and/or ventral aides of the intestine. 

Transmission Electron Microscopy 

, 
Pieces of intestine wore fixed in 2% (v/v) glutaralde-

hyde adjusted to pH 7.2 with O~l M ~acodylate buffer (Glauert, 

1975). After two hours in the fixative, the tissue was washed 

with two changes of 0.1 M cacodylate buffer and postfixed in 

2% (v/v) osmium tetroxide buffered with cacodylate buffer. The 

tissue was washed again in buffer and dehydration was completed 

in a graded series of acetone from 50-100%. Embedment was in 

a mixture of Epon 812a and Araldite 502b with dodecenylsuccinic . 
anhydride (hardener), dibutyl phthalate (plasticizer) and DMP-

30c (2,4,6-tri (d~meth~laminométhyl)-phenol) (accelerator). 

aFisher Scientific Co., Montreal, Quebec. 

bLadd Rese!!rch Ind., Bllrlington, Vermont. 

CPolysciences Ine., Rydal, Penn. 
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For the pytochemdcal staining' of glycogen; sections were col-

lected on gold .grids and stained according to the method of 

Thiery (1967) 1 with 20 minutes oxidation in 1% pe'riodic acid, 
- , 
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40 Minutes in 1% thiosemicarbazide, and 30 minutes in a 1% sol-, , . 
, 

This technique is re-

ferred to as the PA-TSC-Ag protein technique. The sections were 

examined in a Zeiss EM 9 electron microscope • 

. Scann~ng Electron Microscopy 
1 .. 

Specimens for scanninç electron mdcroscopy were rrepared 

by cryofracturing. Worms were frozen in liquid air and frac-
1 _ 

tured in selected regions with the use of a dull blade. The 

fragments were immediately transferred to an Edward-Pearse tis-' 

sue dryer and allowed to dry overnight under vacuum. The piaceS' 

'of worms were attached by means of a double-face tape to the 

SEM stub. The specimens were then coa~ed w:tth a thin layer of 

vapori~ed gold:pa11adium a1loy and viewed with a Cambridge Ster-

eoscan 600 operated at 15 KV. 

STATISTlCAL ANALYSIS 

AlI data were subjected to statistical ana1ysis and the 
..j • 

siqnificance of the difference between me ans of two groups was. 

dRoboz Surgiea1 Inst. co., Washington, D. C. 
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o determined-either by the Students t test or ana1ysis of variance. 

When found,to be significant, differences in means were detected 
J 

by Duncan's Multiple Range Test (Ferquson, 1971) • 
ï \ 
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CHAPl'ER IV 

RESULTS 

MICROSCOPY 

'1'0 i11ustra,te the distribution and amount of glycogen 
1 

within the cells, sections were sampled from the anterior, mid-

dIe and posterior intestine and stained for light microscopy 
\ 

(Figure 4). A qualitative difference in the amount of glycogen-
" 

specifie stain present in the cells exists between the Middle 

ragion, and the- anterior and posterior regions.The amount of 
1 

stain in cells fram the middle region is amaller than in cells 

from the two o~her regions. In this instance, litt le or no} 
"-

qualitative difference between the anterior and posterior in-

testine is discernible. 

Measurements of cell height from the anterior, middle and 

posterior intestine 'are·presented in Table 1. The cells of 

the mid-region are taller than their coun~erpar~s in the anter­

ior and posterior regions. The cells are slightly shorter in 

the posterior ragion than in the anterior region. Differences 

between means were teated for significance by analysis of vari-
1 • 

\ ance and Duncan' 8 Dalltiple range test. The mèan cell height of 

the mid-intestine is significantly greater than the;mean values 
48 
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Figure 4. Light microscope sections from the anterior 
1 (A), middle (B) and posterior (C) intestine 
of Ascaris .!!Y..Ym showing the amounts of gly­
cogen. The paraffin sections were trea ted 
according to the Bauer-Feulgen method,~nd 
the reaction product ia aasociated With gly­
cogen deposits (arrow). X,312.S. 
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Table 1. ~ The height of intestinal celle in the anterior, midd1e 
and posterior intestine .. , 

Cell height (J.ll1l) 
(excluding-microvilli) 

Relative height 

Anterior 

1.24 

t 

lntestine 
Middle Posterior C±S.E.) 

:tS.23 

!. 71 1.0 

*Each value represents the Mean o~ ten observations + standard 
error. 

Means not çnderscored by the same line are dfiferent (p < 0.01 J • 

of the anterior and po$terior regions at the 0.01 probability 

'-' 
leve!. However, at the 0.05 probability level aIl three means 

are statistically different, where, cells of the anterior and 

middle regions are respectively 24 and 71% taller than those 

from the po~terior region. 

Measurements of basal lamella ~hickness from the ~nterior, 

middle and p:>sterior intestine are presented in Table 2. -The 

basal. lamella underlining the cells from the postérior intes-

tine appears thinner than the basal lamella of the anterior and 

middle intestines. The mean thickness of the basal lamella from 

the poste~ior ragion i8 ~ignj,ficantly less CP < 0.05) than the, 
J 

mean value. for the other two ragions. '!'he ba~al lamella from 

the mi~-reqion i. however not aign:f,ficantly thinner than that 
, 1 

from the anterior reglon. 

(" --1 \ 

,g 

j -, 
~ . 
1 
! 



10 
1 
1 
t 
1 

t 

Table 2. The thickness af the basal lamella in the anterior, 
middle and posterior intestine. 

Intestine 

52 

Anteriar Middle Posterior (fS.E.) 

Thickness of basal 
lamella (IJID) 

Relati ve thipkness 0 

7.50* 

1.33 

8.01 5.65 :tG.52 

1.42 ,1.0 

\ 
-~, .J*Each value represents the Mean of eight observatiol'}s + standa'rd 

error. 

Means not underscored by the sarne line are different (P < 0.05). 

Scanning ele~tron micrographs of the anterior and poster-

ior sections of a worm illustrate the difference in diarneter af 

1 
the intestine between these regions (Figures 5,6). Clearly, 

the circumference of the intestine is substantially larger in 

the posterior regian than in the anterior region. '!'his agrees ~ 

~ith earlier reports on the progressive increase of the intes.-

tinal/ lumen from the anterior to the posterior region (Hàrpur. 
\ r 

1977). Figures 7, 8 and 9 of the anterior, middle a;nd posterior 
. 

regions reBpecti~ely, show the .amatic muscles in proximity ta 

the intestine. NOtably, the muscle cells are never directly 

attached to the intestinal wall nor i8 the intestine connected .. 
to the gonade. Intereatingly, strands of fibrous ma terial can 

be seen in close proximity to th~ basal lamella. In'a single 

experiment Whërè'hemOlymph wes injected into the intestine bafore 

, 
i 1 

1 
l / 

1 , 
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Figure s. Scanning electron rnicrograph of the anterior 
section of Ascaris ~ illustrating the size 
of the anterior intestine. Note the size of 
the intestinal lumen (1) in the anterior 
region. X 20. r'> 

.,. 

Figure 6. S. E.H. of the posterior section of Ascaris' 
§.Y.Y.!!! illustrating the size of the posterior 
ifttestine. Note the relatively large size 
of the intestinal lumen (1) in the posterior 
region. X 20. 
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Fiqure 7. Scanninq electron microqraph of the anterior 
reqion of Ascaris~. This illustrates 

, Fiqur,e. 8. 

the proximity of the somatic muscles (M) to 
the anterior intestine (1). (bar size:O.5 mm) 

,s. E. M. of the mid-region of Ascaris ~. 
This shows the proximi ty of the somati"c 
muscles (M) and ovaries (0) to the mid­
intestine (1). (bar size:l mm) 

• 1 

Q 

Fiqure 9. S.E.M. of the posterior reqion of Ascaris 
.!!!Y!!!. This illustrates the proximity of 
the somatic muscles (M) to the posterior 
intestine (I). (bar size:O.5 mm) 
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, 
freezing, strands appeared in the gu~ which were very sj,mi.~ar to 

thoee in the pseudocoel. Thus, the strands shown are partly an 
,r? 

artifact. 

CHEMlCAL ANALYSIS 

J 

Ampunt of TCA-Extractable Glyçogen 
fram the Various Regions of the 
Intestine 

\ 

~esults of the determinations of the TCA-extractable gly-

cogen from the anterior, Middle and posterior int~stine of 

, female Ascaris .!Y!!!!l are presented in Table 3. From casual 

" 
Table 3. The 1evels of TCA-extractable glycogen in the 

anterior, middle and posterior intestiné. 

Intestine Date 
Anterior Middle Posterior ~S. E. n 

Amount of TCA- 9·10-79 --8.30 4.14 5.53 
extractab1e 
glY90Qen (J.l moles 
CHO/9,wet wt.) 6·11·79 23.62 6.91 10.95 ~4. 17 8 

"n = number of determinations. Each determination was made on a 
pooled sample of 3 females. 

Means not underscored by the same line are different (P < 0.05). 

inspection of data, it is obvioU8 that-. the amounts Qf glycogen, 

.expressed "on the basis of tiswe wet weight, are markedly larger 

/ in tbe anterior than - in the mid-intestine wbereas the levels in 

the ,POsterior intestine are but 81i~t1y bigh'er than in the , 
'1 
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mid-intestine. The mean level of TCA-extractable glycogen from 

the anterior region is significantly greater than the mea~ values 

of the Middle and posterior regions. It is noted however, that 

the differences'-between the Middle and posterior intestine are. ' 

not statistically significant (p> 0.05). 

The amounts of glycogen recovered from aIl threè regions 

of the intestine'by the use of the sonicator, instead of the 
1 

tissue hOlDOgenizer, are presented in FigUre 10. With the use 
~ 

rt 

of the homogènizer" the Mean levels of TCA-extractable glycogen 

from aIl three regions of the intestine are somewhat lower than 

those obtained with the use of the sonicator. In spite of the 

" lower recover,ies, the Mean level of TCA-extractable glycogen ïs 

" ~ 
significantly higher CP < 0.01) in the anterior intestine than 

-
in the Middle and posterior intestines. Furthermore, by virtue of 

the large number of determinations, the mean level of TCA extra-

ctable glyoogen in the poaterior intestine is shown to be sig-
1 

nificantly higher (P < 0.01) tban the mean values of the mid-

intestin •• 

. ",,-
Amount of Alkall, Bxtracted Glyoogen 
RÎoovered frem tHe TfA precipitate 

.. . 
Resul tA. of the determinationa of, the glycogen remaini 13 

-in the protein reaiduea after the removal of the TCA-extractable 

fraction . are presentee! in 'l'able 4. Inspection reveals that the 

~, .... 
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Figure 10. e amount.a of çlycogen recover~ from 
, ,-J~" -'the anterior, middle ~d posterior in-

testine of Ascaris suum. ~e firet oolumn 
( i::::~) in ea~h regiru:;-represents the 

\' levels of glycoqen recovered wi th the use 
of the tissue homogenizer while the 
second ( .. ) and third (e ) column of 

__ ,i each region represents the levels of gly-
.... C9qen recovered by so;nication on two 

separate collection days. 
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Table 4. The levels of'KOH extracted glycogen in the anterior, 
midd~e ~nd posterior intestine. 

Intestine Date 
Anterior Middle Posterior !S.E. n 

Amount 0 f KOH 
extracted gly­
cqgen (IJ. moles 
CHO/g wet wt.) 

9·10·79 

6·11·79 

10.92 

16.68 

4.83 6.93 :0.82 9 
a 

6.33 7.07 :2.13 8 

n = number of determinations. Each determination was made on a 
pooled sample of 3 females. 

Means not underscored by the same li ne are different (P < 0.05). 

amount of glycogen liberated by alkali digestion is largest in 

the anterior'region, lowest in the Middle and slightly larger in 
_ _ IJ 

the posterior region. Th,e mean level of alkali-extracted glyco-

gen from the anterior region i8 significantly greater (P < 0.05) 

than,the mean values of the middle and Posterior r~gions. The 

postep~or ragion shows a slightly higher mean value than does 
- ~ 

the middle region. 'However, the difference between these means 

ls not statisti~l!y significant (P > 0.05). 
~,: 

-. 
Amount of "Glycoqen Extracted from the 
Anterior and Middle Intestines of Males 

, ' 

The aIflOunts of glycogen extracted from the anterior and 

middle intestine of fresh (time - 0 hour) male worms are pre-
, 

aented in Table 5. Due to the relatively small size of the 

'poaterior int~stine in males, pieces1are difficult to remove and 
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Table 5. The levels of glycogen in the anterior and mid­
intestine of male w~rms. 

A. TCA-extractable glycogen 
(J.l 1OO1es CHO/g wet wt.) 

B. Koa extracted glycogen 
(J.l 1OO1es CRO/g wet wt.) 

Intestine 
Anterior Middle 

54.86 15.41 

27.85 13.23 

C:!:S.E. ) 

:!:3.38 

:tl. 56 
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n 

10 

10 

n = number of determinations. Eacb determination was made on a 
pooled sample of 5 males. 

Means not underscored by the s~me line are different ,(poC 0.001) . 

. t 
consequently no data were collected for this region. 

Th~ mean values of the TCA-~xtractable glycogen and of 

the alkali extracted glycogen recovered from the anterior are 

significantly greater tban their oorresponding counterparts in 

the middle region (P < o. 01 ) • 
~' 

Looking at Table 6a) the mean levels of TCA-extractable 

qlycogen in the anterior and middle intestine of males are 

noticeably hiqher than their oorresponding counterparts in fe-

males. Differe~ces were tested for significance at the 0.01 and 

0.05 probability levels by analysis/of variance and Duncan's multiple . . . 
range test. Although there are on~y but one set of analysis 

.. , r. 

for ~les and two sets of ana~ysis ..for fema.les, the differences 

between the two populations reveal tbat the maies' IhC\ve more gly-

oogén than females. Re8U~ts indicate that tnére ia signifioantly 

~Q kt; ;1' ~~k -' 

/ ) , 
1 , 
l 
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more (P < 0.01 r TCA-exi::ractable glycogen in the anterior intes-

tine of males than of females, whereas in the mid-intestine the 

difference is not significant (P > 0.05). 

Table 6a. Levels of TCA-extr~ctable glycogen,in the intestine 
of male and female A. !.Y!:!m (Jl moles CHO/g wet wt. ). 

Intestine Male 

Date 

Anterior 54.86 

Middle 15.41 

(10) 

Female (fS.E.) 

9·10·79 6·11·79 

8.30 

4.14 

(9 ) 

23.62 

6.91 

(8 ) 

(!5.95) 

(:t3 .10) 

(n) = number of determinatiohs. Each determination was made on 
a pooled sample of 5 males and 3 females. 

Means not underscored by the sarne line are different (P < 0.05). 

Inspection of Table 6b reveals that the mean levels of 

alkali extracted glycogen in the anteriQr and middle intestine 

of males are distinguishably higher than the corresponding 

1 

levels in females.- The mean level of KOH extracte? glycogen in 

the anterior intestine of males is significantly grea~er (P < 

0.05) than the Mean va\ue of the anterior intestine in females. 

Similarly, there is a significant difference ·(p.( 0.05) in the 

mean values of the mid-intestine between the males and the 

females • 
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Table 6b. Levels of KOH extracted glycogen in the intestine of 
male and female !. ~ (J..l moles CHo/g wet wt. ). 

Intestine Male. Female + . (_S.E.) 
k ""ri 1 

Date 14·9·79 9·10· 79 .6·11·7'9 

Anterior 27.85 10.92 16.68. Ci3. 02) 

Middle 13.23 4.83 6.33 C±1.4l) 

• (n) (10) (9 ) (8 ) 

(n) = number of determinations. Each determination was made~on 
a poo1ed sample of 5 males and 3 females. 

Means not underscored by the sarne 1ine are different (P ~ 0.05). 
; 1 

The Effect of Starvation on the 
~mounts of Acid- and Alkali­
Extractable Glycogen 

The changes in the level of glycogen in the intestine of 

unfed worms kept ih warm saline are examined every five hours 

following collection. The rnean levels of glycogen in aIl three 

regions ~e~e caleulated and differences between the means were 

tested for significance at the 0.05 probabiiity level by Duncan's 

multiple range test. 

Data from the first'collectton day (Table 7a) show that 

in the anterior region, the Mean level of TCA-extraetable glyoo-

...... "" gen of the IfS-hour worms" is greater than the me~n values of the 

10- and lS-hour worms. lIowever, the difference between the means 
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Table 7a. Glycogen levels in the intestine of A. suum after remova1 from the hosto 

, --
Date 
of ;. Intestine Time (hours) 

Collection ' 5 10 15 (:ts. E. ) 
25.9·79 Anterior 25.62 15.55 15.19 ~7.31 

A. Levels of TCA-eXtractable 
glycogen (~ moles CHO/g wet wt.) Middle- 2.13 2.27 5.19 ±1.15 

Pçsterior 5.17 6.09 7.61 !1.45 

Anterior ~3 8.89 12.28 ~1.99 
B. Levels of KOH extracted 

v glycoqen (~ IDOles œO/g wet wt. ) Middle 7.71 6.49 8.21 +' _0.87 

Posterior 9.72 7.54 10.12 :1.41 

Bach value r~resents ten determinations. Each determination was made on a poo1ed samp1e 
from 3 females. 

Means,not underscored by the same unbroken line are considered different CP < 0.05). 
( 
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ois not statistically significant (P < 0.05). In con~ast, the 
1 

Mean level of TCA-extractable glycogen of bath the Middle and 

posterior intestines appear to increase with time. The differ-

ence between the ~eans over the ten-hour period is not statisti-

cally significant in either the middle or posterior intestine. 

In looking at the glycogen extracted by alkali, the rnean 
1 

levels of bath the anterior and posterior intestine are highest 

at 5 hours and therefrom drop at 10 hours after collection. By 

15 houts, the Mean values have increased slightly to reach levels 

significantly close to those of 5-hour worms. ~ In the mid-

intestine, the rnean level of alkali-extractable glycogen does 

not significantly vary over the ten-hour periode 
1 

From thé second collection day (Table 7bJ 1 f~gures reveal 
/ ~~ 

a siqnificantchange in the mean levei of TCA-extractable glyco-
... 

gen from the anterior intestine, ·'but· only between the rnean~ of 
, 

'the 5-hour and 10-hour worms. The rnean levels from' the middle· 

and posterior regions ào~not vary signlficantly over the IO-hour. 

p~'riod. 

In the ~nterior and posterior intestine, the levels of 

alkali extracted glycogen do not vary significantly over the 10-

bour periode In the mid-intestine, the rnean level of glycogen 

increases siqnifieantly at 5 hours, and drops at- lO-hours to 

approximately the O-hourvalue.. In the posterior intestine,~e 

mean levei of alkali extractéd glycogen is aignificantIy lower, 

tr-:,~ < ,,'c··.c> .• :r'-.:..:------:------ ~- -----. ---
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Table 7b.. Glycogen levels in -the intestine of è. .!!.!:!!!!! after rempva1 from the hosto 

Date 
of 

Collection 
9·10·79 

A. Leve1s of TcA-extractab1e 
glycogen (Jl 1Œ>1es CHOlg 
wet wt. ) 

~. Levels of ROH extracted 
glycogen (~moles CRolg 
wet wt.) 

(n) 

" 

Intestine Time (hours) 
___ 0 _ J±S.E.l __ .5 _'1±.s.:g.J 10 (±S.E.) 

Anterior -S.3-!2-:-4T--14M :!2;-i9 2.7712.41 

Middle 4.14 +1.41 4.67 11.33 1.93 ~l.41 

Posterior 5.53 ±1.39 4.64 ±1.32 3.18 !1.39 

Anter!or 10.92 ±1.43 10.88 ±1.35 7.5 ±1.43 

Middle . 4.83 _±O.58 __ ~.66_ !0~5~ _ 4.43 !0.S8 
~ 

Posterior 6.93 ±0.64 7.58 ±0.6l 5.24 ~0.64 
-------

(9 ) (la) (9 ) 

(n) = nuMber of determinations. Each determination was made on a pooled sample trom 3 
fema1eB~ 

Means not underscored by the same unbroken li ne are considered different (P < 0.05). 
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Table 7c. 
o • 

Glyooqen levels in the intest1ne of A. ~ after removal from the hosto 

Date 
of Intestine Time (hours) 

COllection 0 (±S.B.) 5 (:tS.B.) 10 (±S.E.) 
6-11-79 Anterior 23.62 ±4.96 7.62 ±4.43 5.8 ±5.30 

A. Levels of TCA-extractable 
glyooqen (~ moles CRO/g Middle ~ _±1.61 __ ~.~2 !1~4~ _ ~ ±1.73 
wet wt.) 

Posterior + +. 10.95 _-1.~9 __ ~.~l_ :1~5~ _ ~ :tl.8l 

Anterior 16.68 :t3.34 18.25 ±2.99 17.0 ±3.57 
B. Levels of ROH extracted 

qlycoqen _ (I.l moles' CRo/g Middle 6.33 ±O.82 6.22 ±0.73 8.4 :tO.SB . 
wet wt.) 

Posterior 7.07 ±1.13 7.95 ±1.01 10.06 ±1.21 

(n) (8 ) (10) (7 ) 

(n) c number of ?et~rminations. Bach determination was made on a pooled sample from 3 
females • 

. Means not underscored by the-same unbroken li ne are considered di~ferent (P< 0.05) • 
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but <?nly between the 5-hour and lO-hour worms. 

From the third coll~ction day (Table 7c)/·data show a 

significant drop in thè mean level of TCA-eXtractable glycogen 

from the anterior, occurring by 5 hours after collection. In 

the middle and posterior intestine, a significant drop CP < O.OS) 

occurs by 5 h6urs but thereafter th~ mean levels increase to 

reach amounts significantly close to that of the O-hour worm~. 

Interest~nglYI the mean levels of alkali extracted gly­

cogen in aIl threé regions of the intestine do not vary-sig-

nificantly (P > O.OS) over thé ten-hour pe:riod. 

j , - " ~ 
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CHAPl'ER. V 

DISCUSSION 

Th~ results of this study indicate that morphological 

di.fferences ' exist along the length of tbe intestine of Ascaris 

~. The data obtained show 'that the height of cells as well 

as the thickness of the. ba'sal lamella' vary along the longitudi-

nal axis of the intestine of Ascaris suum. These variations 

are acçompanied by differences in the levels of endoqenous gly- 1 

coqen which exist between the anterior, middle and posterior 

intescine. ~ese differences provide further support for the 

subdivision of the intestine of~ suum into three ·par~s. 

The shortest cells were found in the posterior intestine, 
. 

whereas in the anterior and middle intestine~ significantly' 
ri 

taller cells were observed (refer ta Table 1). These reaults are 

in accord with those of carpenter (1952), and raise the quea.tion 

as ta the functional significance of thi. variation in cell 
1 

. height. In' an attempt to answer this question: a search W8S 

made for other r~ional differences • 
~. . 

. In our study, the 1ùticknè.s of the J)aaal lainella was 
, 1 

.~ mea.,ured in the three regions of the' intestine. The basal lam-

. . 
ella wa. found to b. thinnest in the po.te~ior intèstine, wh,ere'as 

\ 70 
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the basal lamellae of both the anterior afid middle intestine are 

significantly thicker by rouqhly 33 and 42%,respectively. It 

is noteworthy that from two separate etudies, the basal lamella 

from the mid-intestine (Peczon et?al., 1975) t:hinner 

than that of the anterior intestine reported 

However, when measurements are made usinq the sarne worm, 

diffe~ence 'is clearly opposite to that indicated. 
, 

With the basal lamella believed ,to be synthesized by the 

cell whieh it supports. (xurtz and Feldman, 1962), it- is inter­

esting to note that'in the, present work, tall cells have a thick 

basal lamella whereas shorter ce~ls are underlined by a thinner 

basal lamella. Because a thin basa,l lamella is ptresumably ad­

vant~9'eous to t.h.( transport of material àçx;oss the intestinal 

wall to the pseudocoelom (Feldman, 1972), it is interestinq to 
\ ' 

compare the pattern of variation in the rate of transport with ; 
, 

cell height and basal lamella thickness. 

The rate of movement of, 3-0-methylqlucose acroes the in-. , 
testinal wall ia not proportional to the cell height ,and basal 

lamella thicknesa. In fact, the rate of transport of 3-7 

methylglucose, increaaes pr9greasively from the anterior region 

to th~ posterior règion (Sehanbacher, 19? 4) • The ,resence 
. ç 

a thick basal lamella' and a low r~te of tranSPbrt of 3-0-

of 

. ' 

methylglucose ~n ~e 'anterior region, as coropared to the re-
1 

~ 1\;, 

verse situation -in the posterior intestine,_ aqreea with 'l. 

. . , .. 

( 

" 
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72 
t. 

'0 , 
Feldman' s obse~,ations 9"; the 'bematode 'r.eidrnema appendiculata. 

(, 

, 
and seeming1y 8UPPO~S the a~sumption that the basal 1~ella 

does affec~ the transport of material. 'Iri pursuing this further, 
, 

~ -
the ta11 ce11-s from the mid-intestine of A. suum would necessar-, t __ 

'. 

" 1 

'. 0 i·ly have a greater surface area of the lateral plasma membrane 
J 

than cells from other reqions, a~d by virtue of the involvement 

of the lateral plasma. membrane in the active transport of glu-

cose (Hopfer n Al-, 1976), the amount of ~uqar transported 

a~ross t~e. middlJ reqion ~uld eo~sequently .exceed that in other 

,rêgionà~ .However, l~ con~ra~t to the increased lateral plasma 

membrane,'it eould he ,argued that the significantly thicker 
\. ( f' 

basal,1amella ot the mid-intestine is presumably, hamperinq the 

transport of auqar to the extent of it befng 'lower than ,in tpe 

posterior inteatine~ ." ) ,~ 

~~'analyaes for g1yoogen indicated that the amount- of .-
~ 

q1yeogen ,ls'maximai rn the anterior ragion, drops siqnificant1y 
) , l 

, . 

in the mid-reqion and 8gain increases alightly at the level of 

• the Po.terior intestine. 
o 

with the reproductive sy~teln in close 
\ 

, , 

proximi ty to "bhe ~d-intestinet and the role of the fOr$ller in .. ' 

1 

,the produd:ion lof egq8i it wa8 believed that the large require--. -

1 menta 'fO~_qlycOqen and trehalo8. miqht acoount for the relatively 
, ç 

\. \ l ,\ ,. ~ 

lev, ~.l~ of' endogenoua glycog'en which we ~baerved in the mid-

~ 1 
1 

\ :Lnt .. tin.. "1 th (thi. in aiDd, experiment. 'lier. then carried out 
• " > 

, . 
\ 

'/ 
;j .-
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level of glyooqen was assessed in the anterior and middle in-

testine. 

Our results show that in males, 'the levei of the esti-

mated total glycogen in the anterior intestine is sorne 2.8 times , , 

higher than in the mid-intest!ne. This difference is similar 'to 

that f.ourid in the fenaie worms. 1he difference in the level of 

glycogen between,the anterior intestine and the mid-intestine 
JI 

• could- he interPreted in at least two ways. The lower amounts 

Of- glycoge~ in the mid-region couid be due to the carbohydrate 
, 

requirements by' the neiqhboring ovary-uteru,s and testds-seminal· 

vesicle, . in females and males respectiv.eIy. On the other hand, .' 
, 

the siqnific~nt difference in the amount of glycogen can be an 
inherent characteristic o.f the intestine, 1. e. a gradation in 

function along the intestine may aCCount for the regional differ-

.ences in the level of qlycogen. Nevertheless, the difference in 
o ," { 

the levei of' glycoqen "between the x:ec.;rions doee not appear to be 

1 a sex depetldent, and whether a similar situation predQminates in 
• t\ ... " 

• 1 other nematodes remains .at present problematical.. Possibly in4i- \ • 
, , t ,..... 

cative for its occurrence' is the fa ct ·that differences in the. 
'. \ 

amo.unt of .glycogen between 'ragions 1)ave been associ'ated wi th ' 
, . 

variations in function, in nematodes 8uch as OOsmocerca,ornata 
&d,1 J 

'. . 
(Oola~, '197la),Anèylostoma caninum (Lee,' 1969)'anâ Leidynema 

• • J ' . . 
,appfndiçU1ata (Fels!man l 1972).' /-
'. . 

, " 

.. 
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(1957) from a single determination on the intestine of four male 

and femle worms, our resul ts from several determinations show· 

that the mean level of bath the acid and alkali extracted glyco-

gen in the .anterior and middle intestine are high~r in males 
1 

than in fema1es. In fact, the arnounts of acid and alka1i ex-

\ \ 

tracted glycogen are significantly larger (p < 0.05 ) in the an-

terior intestine, whereas in the mid-intestine only the alka1i 
• ,1 

-
extracted glycogen is siqnificantly greater (P < 0.05). The 

, ~ 

glycogen content of whole wo~ reported by von Brand (1937) from 

fifteen determinations was shown to be greater in male than in 
, 

femal.!. !YYm, whereas in a later study, the results obtained 
1 

by Fairbairn and Passey (1957) revea1ed the opposite. However, 

in view of the r.latively high 1evels of glycogen in the intes­

tine of males, the present findings support the extensive anal-

yses made by von Brand (1937). 

Von Brand (1937) also reported that in spite of the re-

latively' small size( in male !. . .!.Y.!:!!!! the glycogen consumption ia 

,similar to that of femal.s during the first 24 hours. of starva-

tion. In a recent study carried out by Premvati and Chopra 

1 

(1979 )., in which the depletion of qlycogen was investigated in 

male and female Q'lophagoatomum oolumbianum, ~e reaults ob­

tained were 8 !mi laI;· te tho8e of yon. Brand (1937). l!owever, 
... 

PrélllVati and Chopra (1979) have pointed out that in the relà-
4 - .. .. 

, 1 r ' 

tively .mal1 males, the initial. decal:" of 'CJly'cogen was mark.cUy 
~ . . ~. 

., 
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more rapid than in females. It can be assumed provisionally 
_../ 

that a similar situation Ç)ccurs in male ! . .!.!!E!!!, and that the 

relatively large amounts o~ glycogen in the intestine o~ ~les 

enable the, ,digestive tract to maintain i ts inteqri ty durinq 

periods of ~ing, and in spite of the high metabolism. 

'The significance of the difference in the amount of g1y- . 

cogen bebléen the regions of the intestine in the fema1e ! .. !B!:!!!! , 

was investigated by assessing the portion of glycogen extracted , ' . 
by trichloroacetic acid with respect tQ the estimated total gly-, 

"" coq en (i. e. glycogen extracted by TCA and by KOH). In fresh 

worms, 1ih~ levels of glycogen extracted by acid as weIl as by 

alkali proved to be significantly higher in the anterior intes-

tine than in the middle and posterior intestine; Ho~ever, in 

these worms, the ratio of acid-extractable glycogen to the eum 

total lof glycogen extract~ by acid and alkali was found 'to be 

significantly lover in the mid-region than in the anterior and 

posterior regions. In the rat liver and muscle, the glycogen 
...-/ 1 

extracted by trichloroacetic acid and the glyoogen liberated by 

alkali' digestion are believed to represent two metabolical1y 

different forma of intracellùlar glycogen (Bloom.!Œ. y. 1 1951r 
. 

stetten ~ !l.t 19567 Ruase11 and Bloom, 19S8). Bearing this 

in mind. it was-particularly interelting to ,look àt thè data 

obtained wij:h the worms,.: .~.J:'Ved !!1 vitro. 

,Zftéluced by either the ineul*tJ.on of the inteatine in a 

1 
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1 
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glucose-iree medium (Schanbache~ and Beames, 1978) or the star-

vation'of worms, alteration of the glycogen content in the in-

testine of !. ~ is largely confirmed to the acid-extractable 

glycogen fraction ~ather t~an to the alkali-extracted glycogen 

(refer to Table 8). In addition, over a ten-hour period, the 

drop in the portion of total glycogen extracted by trichloro-

acetic acid is significantly greater in t~e anterior intestine 

than in the middle and posterior intestine, with values of 

approximately 49, 32 and 2~% respectively. In other words, on 
1 0 , 

the basis of the estimated total glycogen, depletion occurred 
1 t," 

mainly in the port~on of glycogen extracted by trichloroacetic 

acid,' and this preferentially 'in the anterior intestine. Since 
" , 

the anterior in:testine corresponds to the secretory portion of 

the intestine (Lee, 1965), A priori it can he argued that the 

production of enzymes necessitates a relatively large expendi-

ture of the TCA-extractahle gl~cogen. ' 

In sp~te of the presen~ lacK of ~ta, it can be assumed 

that in atarving A.' 8uum the enzyme production i8 low. Morph---
ological alterations induced by atarvation, such as a reduction 

in' the number of secretory'granules and the modification of the 
l , 

Golgi fijl,Paratus to a seeFngly inactive form (Bergers and De-

Nol1in, 19741 Borg.ra et al., 1975), provide circumstantial evi-
1 • 

" . ' 
.dance for, a dec,reased 'enz~e activity. This follows the involve-

lIlant of th ... intracèll.ular or9~ne11e8 in ',the p~oc:e.8 of ce1l " 
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~ble 8.' CRanqes in the level~ of glycogen in the intestine of A. ~ during starvation. 

Xnteatine Glycoqen Time (houra) 
Fraction 0 10 (iS.E.) (n) 

TCA (~ moles CBO/g wet wt.) 15.51 4.10 .~3.19 (17) 
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" ~ - \, 
secretion which has been 6btained by Bennet~ and Leblond (1970). 

Assuming that enzyme production were to con~inue despite 

.t~e ~bsence of ingested polysaccharides and that on1y intracell­

u1ar glucose would remain,' the process would eventually rely 

more on the cell' s glycogen supply. In turn, the progressive 

depletion of'glycogen wou1d ultimately cause the production ~f 

. enzyme to drop. If indeed, the decrease in the enzyme produc-

tion and the depletion of glycogen are closely associated, our 
~ 

results would indicate that the levels of TCA-extractable 9'ly-

oogen best represent the nutritiona1 state of the worm. 

Results from sedimentation analyses on the glycogen of 
1 • 

Fasciola hepatiea and Hymenolepis diminuta indicated that 
- '3 \, 

. . 
change. in the 1evel of total 91yoogen induced by starvation 

J 

were mainly due to variations in the high molecu1ar weight frac­
~ ( l 

tion (Bueding and Orrell, 1961). Sinee the glycogen extraéted 

by trichloroacetic acid has been ascribed a highet moleeu1ar 

weight than alleali extracted glycoqen (Stetten.!!;..!.!.. 1 1958) 1 the 

disappearanee of the TCA-extraetable glyoog8n observed in the - ' 

intestine of.!. SUUJn could '1.11 corre.po~d to the decrease in 

the n.avY fraction of glycog.n obaerved in the trematode and 
@ 

cestode .. 

If ,in<i;eed th!. i. the case, fol1owing the aBsu1'llption 
f 

that the high ml.aular weigh..t ,fraction ls converteâ into a, 
\ - ,,. . . 

lighter fraction C.Bued1ni.and'Orre~l, 1961); a para11e1 
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situation may we11 exist in the intestihe of A~ ~ in that 

d,uring st'at'Vation, the TCA-extractab1e glycogen is c;onverted 

into a low molecu1ar weight glycogen extractable with a1kali. 

!lfUrther, the more glycogen' i5 utilized, the more· TCA-extractab1e 

glycpgen is converted into KOH extracted glycogen, and this 
, 

.apparent1y occurring preferentially in the cells of the ~nter.-

ior intestine. 
'1 

It ia known that in such helminthe as Hymeno1epis ,dim­

inuta (Read, 1956), Taenia t!;'eniaeforms (von ~~and ~!l., 
. , 

1968) and _A. suum (Schanbacher and Seames, 1978), differences 
- .f 

in glyco~~n uti1ization do arise between worms maintained in'­

vivo and those kept in vitro. In the study of t~e intestine of 

!.-.• uum for instance, the impo:çtance of working with fresh 
. 1 

wo~ becomes evident ,ince ·the intestine is moàt susceptible 

to c:hànge. brouqht about by stat'Vation (Borgers and DeNo1lin, 

1974-) and by ~rug treatment (Van den Bossche ancl DeNollin, 1973). , . , 
{# • 

It is th.refore reasonable t~ believe that the present ;esults, 
. 

obtained f~m worms w1'!ich wertit frozen in liquid dr upon removal . 

. fxom the bost, bea1r. r~~eseht the true levels of glyc:ogen in 

the int.tin. of !. Auum. 

"res.nt result's also 1ndieated,' that in .tarved worms 

" képt al~v. in, wàrin saline ~or a. ten-hour, ~riod, the level of . 
, •• , '0 

• 91ycoqen in the, intesltinal tissue does net diminish as rapid1y 
.., .. ~ ~ ~ 

, . -
al tbat' repol'te4.by Sc:banbacher (1974), with th. us. of 
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intestinal sac preparations. In contrast to the .!n. vivo situa-

tion. the incubat~on of intestinal sac preparations in a glucose-

free medium resulted in the total depletion of' the endogenous 

glyeogen within an SO-minute periode This marked difference in 

qlyeQgen utilization may be interpreted in at least two ways. 

The mechanism of glycogen synthesis could be impaired in 1 an. in-

testine which has been renoved from the body. On the other hand, 

the endogeno'us stores of glycogen in tbe intestine of unfed 
-',. 

worms may be 'Partially replenished. by the nearby g~u cose and 

trehalose in the hemoly.mph. Interesti~lYI Rogers (1945] found 

the Mean ,concentration of glucose in the hemolymph of unfed . -
worms l 'kept ali ve for 24 hours. to increase by 20% over the 

mean value from fresh 'WOrms. As a result, it i8 possible that 

glucose from the body fluid rema;ns a,lways available to the 

intestine, even when lnqeeted glueose(, ia not availabl~. The 
<4 

glucose and trehalose in the hemolymph would be the only avai!-, . 
. 

able substrate. for the synthesie of glycogen in the intestinal 

cells sinee glycogen is absent in the body fll,lid (Fukushima, 

1966). '!'his,!i,: turn. would rule out the possibility of havinq 

n~sele qlyeoqen" being transferred, directly to the intestfnal 

cella. 

In addition, Harpur (1963) reported that during th~ .ame 
f _~, _ • ~ 

period/ of st;arvation, ,the glycogen co~tent of muscles decreaeea 
1 ~ 

]:)y ~3'" of 1~. initia:! IUIIOUntT. ~t .ine. ove 9,*, of the total <;> 
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carbohydrate is located in the muscle mass, the amount of glyco-

gen in muscles far -exceeds that in the intestine at aIl times. 

Emerging from this fact, it would seern most probable that the 

only source of glucose ~n the hemolymph of unfed worms be the 

"muscle glycogen. 1I Moreover, the glucose resuiting f~om the 
.p 

breakdo~n 1 muscle g~y~genl and prese~t in the hemolymph, 

could presumably be either utilized directly by the intestinal 
ch) , 

cells or be ~nverted to glycogen in the intestine thereby 

avoiding further depletion of .the ..endQgenous glycogen. 

The discrepancy between r~ports by Van den Boss che' and 
~ ... 

D~Nollin (1973) and by Bo~gers ana DeNollin (1974) concerning 

" , 
the amount of glycogen present in the intestine of starved A. 

~ may be due. to the differen~e in time during which the worms 

were leept in ~ glucose-free saline solution. It may be that 

, t:P .11 

the glycogen dep~etion observed by Bergers apd DeNollin '(1974) 
,\ , 

L\ 
occurs up to a certain. point, after which time, further aubstan-

tial decrease ia prevented by' the glucose from th~ hemolymph 
• tJ:. Q , 

be!nq IlIadé available to the intestinal cella. 

Stüdies have revealed that in !.. .!l:U!!, the passage of 

glucose. l~tty acide an~ v.~tamin B12 across the intestinal wall 

to, the il.audocoelom oceurs by act! ve traltsport (Beames , 1971 ; 
.' . 

Harpùr and Popltinl 1973; Beames and King" 197,2:' Latner and Hod-

son, 1962)., Because the active transport o~ mat~rial as ~ell as 

the production and transport of secretory pl'oducts (e. g. enzymes) 
J • ~ . 

" 

, -' ...:~,,~ 
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require energy derived from the catabolism of endogenous carbo-
, 

hydrate, a possj.ble correlation was looked for" between these 

functions and the levels of glycogen, and thi~ within 'each reg-

ion of the intestine. Variations in these three parameters pro-.. 
vide sufficient grounds for proposing a struc~ure-function model 

which agrees with the suggestion that the intestine of !. ~ 
@ 
i; het~rogeneous a10ng i ts .10ngi tudinal. axis (Lee, '1965). 

, The first part of the model which rdfers to structure, 

invo1ves the levels of g1ycogen extracted from the al).terior, 

\. midd1e and posterior intestine. The present results indicate 

/ 

that the levels of qlycogen si9~ficantly drop from the anterior 

~nte$tine to the mid-intestine, and therefrom increase slightly 

at the ,POsterior intestine. 

The second part of the model which refera to function, 

;nvo1vee the levels of enzyme activity and tne rates of absorp-
, . 

~ion of 3~O-methylglucose reported by carpenter (1952) and 

Schanbacher (1974) ~e8pectively. 
" 

1.\ ," 

Theae 8t1,ld!es revealed that 
"', , 

the level of enzyme activity (i. e. seel."etiori) decreases from the 
e- .,.--/ . , ', ",. 

anterior to the posterior ~n~whereas the rate of transport of 

3-0-methylgluco8e gradually increases_ It appears very likely 
'\7 • 

that the tWo ext~emities of'the intestinè differ from a func-
. , 

tional standpoint in that the anterior intestine ia predomi-. , ' 

nantly secrètory in function where~e in' the posterior inte~ti~e, 
, . 

f 

• 

1 

'i 



,,' 

,", 0-
" 

83 

However, it should be emphasiz~ at this point, that the 

litt!e ~ata available on enzyme secretion and rates o~ absorp-

tion do not provid&! strong statistical sUppo,rt for the struc-

ture-function model. Nevertheless, the relationship between ~> 
t 

structure (i.e. glycogen) and function (i.e. absorption and 

secretipn) ia apparent, and can be viewed in at least two ways. 

Firstly, the leve! of glycogel'\ ia viewed againat thë 

function prevailinq [;b' the region of the inteatine. In the 

l' ' 
anterior inteatine, where enzyme activity exceeds that in the 

mid-intestine, the higher levels of glycoqen in the fo~er 
. 

would enable a' greater synthesis and transport of aecretory 

producta as weIl as allow the production of enzymes to occur 

before the nel« feedinq. On the other band, in the posterior 

intes~ine wheré the rate of absorption of suqars ls hi~~er 
" , 

than· in-the mid-intestine, the larqer amounts of glycogen of 
J - i 

the posterior intestine would PEtrmi t more enerqy to be channeled 
, 1 

for active transport • 

. Secondly, the level of endogenoua glycoqen ia viewed 

aqainst the combi~ed levels of secretion and absorption in each 

1 reqion of the intestin~. " compared with the anterior intestine, 
,'. 

'the lower leve!s of qlycogen in the mid-intèstine can be ex-

plaine<! by the_wo-foler increale in t.he rate of absorption 

which p~e.umably outweiqhB the sliqht~y lower ent~ activity. 

On the o~.r band, when cQaParect with the post.dor- intestine, 

gCU4œ& 
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the lower levels of glycogen .in the mid-intestine can l\esult 

from a higher cell activity d~to the twi~e as la:rqe ~nzyme 
", / 

'activity which seeminqly outweighs the apprQximate 27% lower 

rate pf absorption. Wb~n comparing the level of glycogen b~-
t' • 

, tween the anterior and posterior intestines, the low level in 

th~ latter could be explained by i ts relatively large absorption 
1 

/ . 
rate and low levei of secretion which would refle~t a higher 

,\ .!" 

cell actiyity than t1:le comparatively hiqh level of enzyme acti-·. 

vit Y and low r~te o,f abaorptiop' in the anterior intestine. 

Although little or nothinq has :tieen reported on the 

actu~l amOunt. of energy required for enzyme production and its 
l . 

" relationship with the act!"'e tranaport of .ugarl, it neverthe-

les. .e.. tha1; the amount of glrcàgen pre.ent reflecte the 

celle. levaI of a ctivity. The intestine of~. SUd ha. proven 

itself to be suitable for monitoring these thrae" variables under 

similai:' condition. at anyone time. It _ can be a8.UJll~ provision-

ally pending final elucidation, that durinq perioda of starva-

tion l lome of the glycogen from the muscle mass il broken down 

to lèeep concentratlons of glucose and trehalose' at su'ffieiant! 

levéls in the hemolymph so as to alwaya be r!8diIy availabie 

to the intestinal cella. The intestine wouid therefore be able· 
\ . 

L 

to ~intain i ts -integJ;'i ty, w1-th a constant supply of endog~no~s . l '. 

glycoqen 1:0 providè .ner~. for intrace:l.lular ac:tiviUea, e.9-

I,cretion and .bllorpt1on. 
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CBAPTER v:t .. 

- . 
Microscopie exaœinations were,earried out to investi-
'.' . \ 1 . 

. gate lIIOl;phological differencea betwèen the an~~rior, . middle art« 

pt»sterior int;estine of Aacar:!. -.!.l:!l!!!l, and relate these with tlle 
',) 

gradation in function of the 
4 

alo1W the length of th. 

cel' . h~ig'ht .. in ~e thic 

le;els of qlycoqen. ' 

OUr re.ults show that, , ' 
, , 

e. "there 'are variations in tbe 

the basal!' lamelb ând in the 

1 

The cella are some 24% taller in the' anterior intestine 
- 1 

.œ some -71% taller in the miel-intesUne ·tha'n in the posterior 
" 

intestin.. '!'he basal lamella. of the an:terior and middle in­

t.stine .. re lome 33 and 42% thicker, respeetively, ,than the-L 

basal lablella of the po_brior intestine. 
~ . . 

First, these find-

ing. J in(iicate a podtive con;el~tion (r - +0.87) bet:w~en the 

lize o~.' cella anèl the thiclme88 of the basa-I lame11a. Second, 
J 

and mbre important, 'the ehanqe in the co11lbination of cell height 

and thiekne.a of· the -basal lame Ha between each regiop of the 

. intestine .eeu to' oeeur in èoncert with the gradation in"'func:-

.\ 

1. - • ' 
. -' \ 

tion o~ t;he il\testine of !. .!Y.Y!!!-
- . ' 

• 
ebemical analy... rev~led. that th. l'eVel. of qlycoge1\ in ' 
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fema1e wormS aré rn.a+ked1y higher in~ ~he_ an~erior inte~tine "than 

in the mi'ddle 'and posterior .ïntestine. 
, ' 

Since simUar results 
,- -

were ~tained i~ mal~s, . thé differ~nce in th~~a'ver ~f' glycogeh .. ,0 
-

between the anterior and 'middle intestine 1s therefore not sex 

j 

depend~nt, and is very 1ikely to be ap inherent characteristic 
, , 

of the intestine. Further; in' ,contrast to an earlier report, 

the present results indicate that the level of g1ycogen in the 

intestine is higher in males than in females. The small sfze . 

of males, with pll'esumab1y a higner metabo1ic rate, may explain 

the larger glyoogen reserves. 

When live worms were kept in a glucose-free medium, the 

levels of glyoogen qecreased in aIl regions of the intestine, 
Il 

but dropped most significantly in the anterior region. 'This 

decrease in the glycogen content, ,induced by starvation, was 

main1y due to the drop in the 1evel of acid-extractable glyco~ 
" 

gen. It 1s suspec~ed that the ac~-extractable glycogen corre~ 

sponds to the storage fom éf-- 91yc0gen whereas the alkali. ex-

tracted glycogen repr_esents the readily uti1izable form - (Stetten 

.!1: al. 1 1958). With this in mind, interpretation of our firid-
" 

1 

ings in starved worms leads to~the assumption that in the anter-
". 

ior intestine much of the endogenous glycogen is utilized mainly 
. t 

for the production of enzymes ~n prevision ~} a mea~. In the 

~ddle and posterior intestine 1 however, the stored glycogen is. 

'" presumably used primari1y for the absorption of nutrients, the 

f 

" , 

( 
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... 
depr@s,se being much Iess durinq perioàs 'Q;_ fasting_ 

In èomparison wd.th results obtained from bhe use of ln";' 

testinal sac preparations incubated in a glucose-free medium, _ 

the depletion of glY~9'en in the intestine was shown to be much 

less rapià in starving w,orms. Thè. failure to demonstrate a 
.: 

ma~ked depletion in the glycogen content, may be attributed to 

the abil.ity of the intestine to utilize the readily avail'able 

\ 

~, .. 1 

glucose and trehalo8e in the hemolymph. The functional 8igni-
. 

ficance of having this constant 8upply of gluèose, is presumably 

to help the intestine in maintaininq its integrity during per-

iods of fasting. 
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