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CHAPTER I 

INTRODUCTION 

The presence of the roundworm Ascaris ~in the intestine of pigs 

and of Ascaris lumbricoides, a physiological variety, in the intestine 

of humans is reported by the Greeks as early as 1533 BC (Chitwood, 1950). 

The United States Department of Agriculture (1965) estimates that 

some 70 per cent of the pigs and 30 per cent of the hogs of breeding 

age in the United States are infected with Ascaris suum. The World 

Health Organization (1967) estimates that one our of every four humans 

is infected with Ascaris lumbricoides. The large adult roundworms 

often migrate into the bile duct of their host and cause liver damage. 

Heavy infestations are known to occlude the small intestine. Migrat

ing larval ascarids are known to cause severe pulmonary disease and 

in this regard it is important to realize that infective eggs of the 

pig variety hatch in the intestine and migrate to the lungs in man as 

well as other mammals. The larvae of Ascaris suum can cause consider

able respiratory distress in man and this is especially true where 

people are involved with pig farming. Both varieties are a menace 

to the public health in many parts of the world and the swine variety 

is responsible for significant economic loss to the farming community. 

There is definitely ne~d fo~ more and better control of ascariasis. 

Comparative studies of the physiology and biochemistry of parasites 
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tissues can locate and focus attention on functional "differences" that 

exist between the parasite and its host. Such information may then be 

used in developing a rational approach to the chemotherapy of the para

site. 

This study focuses upon the metabolism of glucose to glycerol by 

the intestine of Ascaris suum. It was prompted by some initial obser

vations in our laboratory which suggested that the conversion might be 

quantitatively much more significant in the worm than it is in the host 

tissues. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

The fluid content of the vertebrate small intestine is quite low in 

oxygen (pp02 = 5mmHg) and provides an environment for helminths such as 

the adult Ascaris suum that is essentially anaerobic. Hence, it is not 

surprising that these worms possess a fermentative metabolism (Fairbairn, 

1970). They rely heavily upon the catabolism of carbohydrates for the 

energy to carry out their many physiological processes and there is 

little or no evidence for the catabolism of lipids (Jacobsen and Beames, 

1965). 

The presence of all of the enzymes necessary for a functional 

pentose phosphate pathway have been demonstrated in the muscle, repro

ductive and intestinal tissues of adult male and female Ascaris suum 

(de Lay and Vercruysse, 1955; Entner, 1957 and Langer, et al., 1971). 

Glucose and glycogen are broken down to phosphoenolpyruvate by the usual 

Embden-Meyerhof reactions (Figure 1) but a deficiency of pyruvate 

kinase (Figure 1-C) and high activities of phosphoenolpyruvate carboxy

kinase (Figure 1-D) and malate dehydrogenase lead to the synthesis of 

oxaloacetate and malate and there is little or no lactate formed (Saz, 

1971). Malate that is formed in the cytosol of the cells crosses over 

into the mitochondria where it is metabolized further by a dismutation 

system (Saz, 1970, 1971). A typical tricarboxylic acid cycle does not 

exist in the adult worms (Fairbairn, 1970). In the mitochondrion 
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malate may be oxidized and decarboxylated to form pyruvate by a mito

chondrial malate dehydrogenase (Saz, 1970) and further catabolism of 

pyruvate produces acetate (Saz and Weil, 1960). An active fumarase 

(Figure 1-E) within the mitochondria can convert malate into fumarate 

(Saz and Lescure, 1969) and a succinic dehydrogenase (fumarate reductase) 

which favors the formation of succinate from fumarate, gives rise to the 

formation of succinate (Kmetic and Bueding, 1961). In this reaction the 

electrons and hydrogens that are required for the reduction of fumarate 

come from reduced pyridine nucleotide (Figure 1-A) and involve at least 

two flavoproteins (Kmetic and Bueding, 1961; Seidman and Entner, 1961). 

In the oxidation of reduced pyridine nucleotide an ATP is formed 

from ADP and inorganic phosphate. A flavin oxidase also is present in 

the mitochondria of ascaris muscle (Buedirtg, 1961). The oxidase will 

produce hydrogen peroxide when the tissues of the worm are exposed to 

oxygen (Figure 1-B) and should result in the shuttle of electrons from 

succinate and/or reduced pyridine nucleotide. Since there is very 

little catalase in ascaris tissues, the presence of high partial pres

sures of oxygen in the worm's environment should be and is detrimental 

to the worm (Laser, 1944). Under anaerobic conditions enzymes within 

the mitochondria of the muscle of Ascaris are responsible for decarboxy

lating succinate to. form propionate and the subsequent condensation of 

acetate and propionate or two molecules of propionate give rise to 

a-methylb4tyrate and a-methylvalerate respective (S~z and Vidrine, 1959; 

Saz and Weil, 1960, 1962). These volatile fatty acids (acetate, pro

pionate, n-valerate, a-methylbutyrate and a-methylvalerate) as well as 

succinate a~d actoin are the normal excretory products of Ascaris ~ 

(Saz and Bueding, 1966). 



CARBOHYDRATE METABOLISM OF ASCARIS 

MITOCHONDRIAL 

~ -------1 
,---- ANAEROB;C I 
I I 
I ATP I I P. +ADP I 

I I ~AVOPROTEIN\1 
I NADH+H ( (OX) i 
: ) FLAVOPROTEIN 
I NAD -~~:.!_ __ 

L------ NOXIDASE 
I FLAVI 
I Hz Oz ( (OX ) 

I I I 

I ) "" °''°"' I I FL ED) I I 0 ( R 
z I 

I J 

L _____ \---

® 

a-METHVLBUTYRIC 
ACID 

a-METHYLVALERI C 

ACID 

t 

t +[HJ 

f +[ H] 

t 
t+z[H] a-METHYLACETO-

t ACETIC ACID 

PROPIONIC 

J (crnc mo 
ACll ~~~ROPIONIC ACID 

COz~~ 
FLAVOPROTEI N SUCC I NIC SUCCI NIC 

(RED) XDEHYDROGENASE 
. (OX) 

FLAVOPROTEIN SUCCINIC ) 
(OX) DEHYDROGENASE 

(RED) 

ACID 

CYTOPLASMIC 

UDPvGLYCOGENr P, 

)_GLUCOSE-1-P 

UTP \\ AD~ATP 
GLUCOSE-6-P - GLUCOSE 

GLYC 

H 
FRUCTOSE-6-P 

ATP~\\ ,,.--Pl 
ADP - \ \{ 

FRUCTOSE- I 6 A ' -DLP 

ERALDEHYDE-3-P __:.:1IHYDROXY-
P1~ ..... ACETONE-P 

NAD-~~"" 
NADH+H/ I, 3-DGA 

ADP~ if 
ATP ------- 3-PGA 

coz If 
PEP 
z-~~AL 

"' .;;;<---;;--co, 
(I TP) PYRUVATE~•n1 rw ~ ACETALDEHYDE 

OXALOACE "~' 
',~:+ '" "" '/~"" 

MALIC ACID 

FIGURE 1. Carbohydrate metabolism of Ascaris suum (Beames, 1971) 
(.n 



The metabolic scheme presented in the preceding paragraphs is 

widely accepted as the principal mechanism that operates within the 

tissues of Ascaris ~in the catabolism carbohydrates. 

In 1971 it was noted by Srivastava et al., that metabolic systems 

in faculative anaerobic helminths could exist which would function to 

reoxidize the NADH2 formed during glycolysis. This pathway involves 

the formation of a-glycerophosphate from dihydroxyacetone phosphate 

with the formation of NADH and the eventual formation of glycerol as 

follows: 

Dihydroxyacetone phosphate ---------~ 

NAD 

a-Glr~::hosphate 

Glycerol 

A similar scheme is noted by Opperdoes and Borst (1976) with 

African trypanosomes found in the blood stream. The mitochondrial 

activity of these organisms is greatly suppressed so as to require com-

plete dependence on glycolysis for their supply of energy. In this 

system the NADH formed from the glyceraldehyde-3-phosphate dehydrogen-

ase step is reorganized by coupling with glycerol-3-phosphate oxidase 

(Figure 2). A similar glycerol pathway is noted by Weinbech (1972) to 

exist in the cestode, Taeni~ taeniaeformis. He established that the 

mitochondria of this organism actively oxidized a-glycerol phosphate. 

6 

Rothstein (1969) reports that the free living nematode Caenorhabitis 

briggsae excretes glycerol as a major product when indubated with 14c-

acetate in a soy-peptone media. The same organism accumulate glucose 

and trehalose when the animal is incubated in water. Evidently some 

stress situation exists which inhibits the formation of glycerol when 

in a water medium. The pathway for this glycerol synthesis appears to 

involve the conversion of acetate to oxaloacetic acid and oxaloacetic 
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to phosphoenolpyruvate. A glyceraldehyde-3-phosphate and dihydroxy-

acetone phosphate branch point exists where either glycerol or glucose 

would be formed. Similar pathways exist in three different free living 

nematodes suggesting that a mechanism is present which can turn glycer-

ol and glucose synthesis on or off depending on the available substrate. 

The point is emphasized that the composition of the medium determines 

the nature and extent of the metabolic end products formed. 

14 
In a series of determinations of the uptake of C-glucose (U) by 

in vitro sac preparations of the intestine of Ascaris suum, Beames 

( b · h ) b o f 14c · t unpu lis ed data o served that up to 4 per cent o the is presen 

in a polyol other than glucose. This polyol was tentatively identified 

as glycerol by thin layer chromatographic technique. Mass spectrometry 

of the isolated material verified the initial determination. This 

result suggests that the catabolism of glucose to glycerol may play a 

more significant role in the biochemistry and physiology of the worm 

than has previously been realized. The objective of the study is to 

investigate, in more detail, the conversion of glucose to glycerol 

and to obtain quantitative data on the formation of glycerol. 
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CHAPTER III 

MATERIALS AND METHODS 

Adult female Ascaris suum are collected at the packing house and 

trl:rnsported.to the laboratory in a basal salt solution (Harper, 1963) 

maintained between 32-39°c. In the laboratory the worms are transferred 

to fresh salt solution and maintained at 36-38°c. The worms are used 

in experiments within six hours of the time they are collected. 

Worms are removed individually from the holding saline, blotted 

dry on paper towel and sliced open longitudinally. The intestine is 

removed, placed in a petri dish containing Krebs Ringer bicarbonate and 

sliced open to form a long ribbon. The ribbon is placed on crushed ice 

to remove excess water. A total of six intestines are processed in this 

manner. They are cut in half, bulked into two groups of six each and 

the wet weight is determined gravametrically. The bulked tissues are 

placed into flasks with side arms. The flasks contain 0.1 ml saline 

with the side arm containing 0.1 ml of 0.4 M glucose solution (final 40 
i 

mM glucose when added to the saline) or 0.1 ml saline. Thus, one flask 

serves as the control. A two holed rubber stopper, equipped with rubber 

hosing is placed on each vial. The vials are gassed with 95%N2-5%C02 

for three minutes at 36°C and sealed. At the end of the gassing proce-

dure the contents of the side arm of the flask is tipped into the 

reaction chamber and the flasks are incubated for the appropriate period 

of time at 36°C in a metabolic shaker water bath. At the end of the 
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incubation period the tissue and incubation medium are individually 

transferred to screw cap vials containing 2.0 ml of 70% ethanol and al

lowed to stand overnight. 

Glycerol Assay Protocol 

The vials containing the tissue and ethanol extract are centrifuged 

for 10 minutes at 2000 rpms. The supernatant is removed with a pasteur 

pipette into graduated centrifuge tubes. One ml of ethanol is added to 

the individual vials and tissue. The vials are agitated vigorously, and 

centrifuged and then the ethanol is transferred to the appropriate cen

trifuge tubes to effect a quantitative transfer of material. There are 

thus 10 vials of tissue extract, five of which have been incubated with

out glucose added to the medium and five to which glucose has been added 

to the medium. The ethanol extract is adjusted to a 2.0 ml final volume 

by placing the vials in a warm water bath and directing a stream of air 

into each vial. Activated charcoal is added to each tube, mixed and 

placed in a warm water bath for 20 minutes. The charcoal removes impur

ities which interfer with the enzyme assay but does not absorb the 

glycerol in the solution. The tubes are centrifuged for 20 minutes at 

2000 rpm and decanted into clean graduated centrifuge tubes. The 

volumes are adjusted to 2.0 ml with 70% ethanol, mixed and recentrifuged. 

Aliquots are removed for analysis. 

The quantitation of glycerol is obtained by a standard enzymatic 

method using Sigma supplied glycerol dehydrogenase and S-nicotinamide 

adenine dinucleotide, (NAD), Grade III. The assay solution is buffered 

with a glycine buffer of a pH 9.5. Glycerol standards are prepared at 

concentrations of 0.005 µmolar to 0.04 µmolar to test the enzyme ac-
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tivity and to draw a standard curve from which to determine the tissue 

extract concentrations. A 0.2 ml aliquote of the ethanol extract is 

assayed from each of the experimental and tissued control tubes. A 0.2 

ml of 70% ethanol solution is added to each of the glycerol standard 

solutions to equalize conditions between the experimental and the 

standards 

The assay solutions are prepared with two enzyme blanks for each 

of the tissue extracts. After the addition of the enzyme the tubes are 

placed in a 30°C shaking water bath for 30 minutes. The temperature of 

the bath is the optimum for the activity of this particular enzyme. A 

double beam Cary model 15 spectrophotometer is used to measure the 

optical density (OD) at 340 mu. The solutions are placed in 4 ml quartz 

quvettes with the two enzyme blanks set to zero. The OD is recorded 

from the tube in which the enzyme is added. The use of two enzyme 

blanks containing 0.2 ml of the same sample of each of the control and 

experimental tubes corrects for any optically dense material which may 

be in the extracts. The optical density of the standard glycerol 

solution is determined in a similar manner. 

Statistics 

The statistical analysis of data involved the use of standard 

error, mean and Student's t-test. Data was considered significant at 

the 0.05 level. 



CHAPTER IV 

RESULTS 

Results of the determinations of the concentration of glycerol in 

ribbons of the intestine incubated for various periods of time with or 

without glucose are presented in Figure 3. There is an initial marked 

decrease in the concentration of glycerol in the tissue. In the control 

experiments the level of glycerol in the tissue remained fairly stable 

for a period of one hour and there is a slight increase in the concen

tration of glycerol between 60 and 90 minutes of incubation. In the 

tissue with glucose there is a very dramatic drop in the glycerol 

concentration by the end of the first five minutes. After this time 

there is a steady increase in glycerol concentration with increased 

time of incubation of the tissue. 

The marked decrease in glycerol content of the tissue incubated 

with glucose for five minutes suggests that the exogenous glucose might 

be interfering with the enzymatic assay for glycerol. To test this 

possibility a series of determinations were carried out in which in

creasing concentrations of glycerol were measured in the presence and 

absence of 4.0 µmolar glucose. Between 0.005 and 0.02 µmolar glycerol 

the addition of exogenous glucose has little or no effect upon the assay 

method. Between 0.03 and 0.04 µmolar glycerol concentrations the 

presence of glucose tends to reduce the optical density below that ob

served for the comparable measurements without glucose. Since the 
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glycerol concentration of the aliquots of ethanol extract from the 

experimental system are measured in the optical density range of 0.003 

and 0.006 µmolar glycerol it is reasonable to conclude that the glucose 

is not interferring with the glycerol determinations. 

Ethanol is reported by Hagen (1962) to interfer to some extent with 

the enzymatic analysis of glycerol by spectrophotometric methods. With 

this in mind, a series of measurements were carried out to determine 

the influence of ethanol upon the assay method. The results are presen

ted in Figure 4. The presence of ethanol in the assay solution does not 

effect the glycerol determinations between 0.005 and 0.02 µmolar 

glycerol. The assay procedure was such that there was some small dif

ference in the time the individual tubes would stand before the optical 

densities were determined for each solution. The effect of increased 

time on the optical density is also shown in Figure 5. The same 

solutions read 30 minutes after the initial reading do not change in 

the range of 0.005 to 0.02 µmolar range. 

The posibility exists that the glycerol concentration is not the 

same for the tissues to which glucose is added and its control. To 

test this possibility ethanol is added to the incubation media before 

the glucose solution is introduced. The tissues with no glucose added 

have 0.20 µmoles of glycerol per gram wet tissue. The tissues to which 

glucose was added after th~ ethanol also contained 0.20 µmoles of 

glycerol per gram wet weight tissue. The initial glycerol concentration 

in the control and the tissue to which glucose is added is thus shown 

to be the same. 
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CHAPTER V 

DISCUSSION 

The present work does not confirm the high conversion rate of 

glucose to glycerol observed by Beames (Unpublished). His initial 

14 
measurements suggest that 20-40 per cent of the total C present in 

the tissue at the end of 60 minutes incubation was in glycerol. In 

these determinations, 10.8-21.7 µmoles of glycerol per gram wet weight 

would be present in the tissue after incubation for 60 minutes with 

40 mM glucose in the bathing medium. The highest concentration observed 

in my determinations of glycerol by enzymatic method is 0.13 µmoles per 

gram wet weight. 

After a marked decrease, the glycerol concentration of the tissue 

does increase with time of incubation when glucose is present in the 

bathing medium. The initial drop in the glycerol is the most dramatic 

change observed but I have no satisfactory explaination for the rapid 

reduction of the material in the tissue. 

The experimental procedure involved in the preparation of the 

tissue for glycerol analysis exposes the tissue to oxygen. Oxygen is 

known to be detrimental to the worm and presumably creates a "metaboiic 

stress". Rothstein, 1969 reports that the production of glycerol by 

free living nematodes is influenced by the environment and that the 

rate of formation increases under stress. It is conceivable that 

glycerol production by in vitro preparations of the intestine of 

17 



18 

Ascaris suum are increased by environmental stress. The high concentra

tion observed by Beames (unpublished) may have been a result of the 

experimental conditions. It may be that the same conditions were not 

obtained in the present series of experiments, although the effort was 

made to duplicate the entire conditions. Whether or not natural con

ditions would necessitate the activation of the production of glycerol 

is questioned. 



CHAPTER VI 

SUMMARY 

The intestine of the parasitic roundworm, Ascaris suum, is shown 

to transport and metabolize glucose in in vitro preparations. The me

tabolism of glucose by this organism results in various end products 

which are either eliminated from the worm as waste, incorporated into 

tissues, or utilized to sustain energy requirements. One metabolite of 

glucose metabolism is a three carbon compound recently identified as 

glycerol. The present study is designed to describe the production of 

this polyol in relation to the worms carbohydrate metabolism. Production 

of glycerol by the incubated intestine is determined quantitatively 

be measuring the optical density of the glycerol solutions by standard 

enzymatic analysis. The results show that there is a time related 

increase in the production of glycerol in tissues incubated with glu

cose after an initial drop in endogenous glycerol. Tissues incubated 

with glucose show an immediate depletion of endogenous glycerol with 

indications that glycerol stores are depleted to a certain level. 

Collectively the data show that although glycerol is shown to be a 

product of glucose metabolism it is not produced in a significant 

amount to be considered an important to the normal life process of 

the Ascaris. 
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APPENDIX 

STANDARD SOLUTION PROTOCOL 

A* B* C* D* E* F'e 

Glycine buffer 0.6 0.6 0.6 0.6 0.6 0.6 

NAD-B 0.1 0.1 0.1 0.1 0.1 0.1 

GDH 0.1 0.1 0.1 0.1 0.1 0.1 

Glycerol 0.0 0.1 0.7 0.4 0.6 0.8 

ETOH 0.2 0.2 0.2 0.2 0.2 0.2 

H20 2.0 1.9 1.8 1.6 1.4 1.2 

* measurements are in milliliters 
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