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ABSTRACT 

Duringm vitro incubation, Hymenolepis diminuta secretes substances into the medium 

that inhibit DNA synthesis in the germinative region of freshly isolated, uncrowded 

worms. Of the many substances that are released by H. diminuta into the medium, only 

succinate, acetate, glucosaminic acid and cGMP are apparendy responsible for the 

inhibition (Zavras and Roberts, 1985). These substances were referted to as "putative 

crowding factors" by Zavras and Roberts (1985). The effects of these crowding factors on 

worm development in \ivo were examined. At seven days postinfection the proximal end 

of the hosts' intestine was catheterized and perfused with test solution. In some 

experiments 4.3 M succinate, 5.0 M acetate, or both were perfused by an Alzet® osmotic 

pump. In other experiments a solution containing 28 nM cGMP, 250 |LiM glucosaminic 

acid, 120 mM succinate, and 40 mM acetate was perfused by a peristaltic pump at a rate of 

50 ml/day. At 2 weeks postinfection, the worms were recovered for subsequent analysis. 

The test solutions in the osmotic pumps did not affect the wet weights of the worms. In the 

experiments using a peristaltic pump, worms exposed to the crowding factors were 53% 

less in wet weight than the control worms. Carbohydrate concentrations in worms from 

experimental groups were not different from those in control groups; therefore, the 

inhibition in growth was probably not due to carbohydrate deprivation. Worms from 

experimental groups had fewer immature, mature, and gravid proglottids than did worms 

from control groups. Attempts to measure succinate levels in the tat intestine were 

unsuccessful. 
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CHAPTERI 

INTRODUCnON 

General Background on Growth of H\menolepis diminuta 

The adult forms oí Hymenolepis diminuta inhabit the small intestine of its definitive 

host, the rat (Rattus norvegicus). The rat is infected by a metacestode stage that is 

approximately 200 |im in length, commonly called a cysticercoid. The cysticercoid 

undergoes rapid growth, becoming an adult within fifteen days, producing up to 2200 

proglottids, increasing its length by 3400 times, and increasing its weight by 1.8 million 

times (Roberts, 1961). Growth is most rapid during the fírst ten days, reaching patency at 

day 17, after which growth slows to a rate sufficient to replace gravid proglottids lost by 

apolysis. 

Stem cells contained within the germinative region, a small region behind the scolex, 

are responsible for differentiating proglottids in most cyclophyUidean cestodes. In H. 

diminuta the germinative region begins about 200 |im from the apex of the scolex and 

extends posteriorly 6 mm to the point where genital primordia begin (BoUa and Roberts, 

197 la). As new proglottids are produced in this small area, they move posteriorly and are 

added to the strobila. When the worm reaches patency, new proglottids replace those lost 

by apolysis. This process continues without observable signs of senescence for the entire 

life of its rat host (Read, 1959, 1967). 

The Crowding Effect 

Regulation of size and fecundity of any organism in a given population is usually a 

complex function of the proportion of food and physical space available to that organism, 

as well as the presence of other species, the prevalence of disease and a variety of other 

extemal factors (Slobodkin, 1961). It has been demonstrated by Calhoun (1952) and 
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Strecker and Emlen (1953) that rats (Rattus norvegicus) and mice (Mus musculus) have 

decreased reproductive capacities under conditions of crowding. Crowding effects have 

also been studied in fish. Crowding effects in high population densities of goldfísh 

(Carassius auratus) are not only a result of limitations in space and nutrients but are 

associated with inhibitory substances secreted by individuals in the population (Pfuderer et 

al., 1974). 

The crowding effect in cestodes has been observed in Raillietina cesticillus (Reid, 

1942), Vampirolepis nana (Hunninen, 1935; Shorb, 1933; Woodland, 1924), and 

Hymenolepis diminuta (Chandler, 1939; Read, 1951; Hager, 1941; Roberts, 1961). 

During development in their definitive hosts, cestodes exhibit an inversely proportional 

relationship between worm size and the number of worms present in the host. These 

effects are observable as early as the beginning of the retardation phase of their growth 

curve (6-8 days postinfection) and continue through the stationary phase (Roberts, 1961). 

Read (1959) suggested that the crowding effect was due to competition for available 

carbohydrate from the host diet. He constructed a hypothetical curve of worm weight vs. 

population density based on the foUowing assumptions: (1) tapeworms share equally any 

carbohydrate which their host ingests, (2) host digestive physiology is not affected by 

differences in worm population size, and (3) that worm biomass is a direct functíon of 

carbohydrate absorbed by that worm. The curve, a rectangular hyperbola, described data 

obtained from experiments in which worm numbers per host were varied (Read and Phifer, 

1959). Read's hypothesis was strengthened when it was discovered that H. diminuta 

could only absorb and metabolize glucose and galactose (Laurie, 1957; Read, 1956; Read 

and Rothman, 1958), which meant that the actual amount of utilizable carbohydrate in the 

host's intestíne was lower than previously thought. 

Read's hypothesis (1959) directiy correlated the crowding effect with reduced 

carbohydrate levels. This may have explained some of the observations associated with the 



crowding effect but was insufficient in explaining the foUowing: (1) Carbohydrate deficient 

diets do produce effects that mimic crowding with respect to chemical composition and 

proglottisation (Roberts, 1966), but it seems unlikely that low levels of carbohydrate would 

inhibit proglottíd production in the germinative region while those same levels appear 

sufficient to support energy metabolism for the rest of the worm; (2) Crowded worms 

contain less carbohydrate in the mature and gravid proglottids, but the germinative region, 

which produces all new proglottids, contains the same amounts of carbohydrate in crowded 

and uncrowded worms (BoUa and Roberts, 1971b); (3) The crowding effect begins to 

manifest itself at approximately 6 to 8 days postinfection (Roberts, 1961) when the 

carbohydrate supplies to the worm would not be limiting because of the small size of the 

worm; (4) from kinetic studies on glucose uptake by the worms, it was shown that young 

worms could absorb glucose more rapidly at lower ambient concentrations than older 

worms (Henderson, 1977; Roberts, 1980). Since the apparent half-maximal absorption 

velocity (Kj) for glucose increased as the worms grew older (Roberts, 1980), it appeared 

that competition for carbohydrate supplies could only become limiting when worms 

reached their maximal size (Mead and Roberts. 1972). 

Read (1951) suggested that competition for oxygen might be an explanation for the 

crowding effect, but using oxygen concentrations 0% to 19% of atmospheric oxygen, 

Roberts and Mong (1969) could detect no effect on the development ofH. diminuta in 

vitro. It therefore seems unlikely that oxygen plays any significant role in the crowding 

effect. 

Roberts (1961) suggested that H. diminuta secreted substances that might act as a 

signal controlling the growth of other worms. BoUa and Roberts (1971b) showed that 

crowded worms had a depressed rate of DNA, RNA and protein synthesis, and the 

incorporation of ^H-thymidine into DNA was lower in the germinative and immauire 

regions of crowded worms (200 worm infections) when compared to uncrowded worms 
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(10 worm infections). In studies using an in vitro system, Inlser and Roberts (1980a) 

showed that worm conditíoned saline (WCS) prepared from 50 worm ,crowded infectíons 

inhibited the incorporatíon of ^H-tiiymidine into the DNA in the anterior regions of worms 

from uncrowded infections by as much as 58%. It was suggested that tiie effect of tfie 

WCS was not cytotoxic because it could be reversed by placing the test worms in fresh 

saline. 

Clearly, some substance produced by the worms and contained in the WCS was 

responsible for inhibition of DNA synthesis. H. diminuîa cannot completely catabolize 

glucose for the production of energy and excretes endproducts such as succinate, acetate 

and lactate as a result of this incomplete catabolism (Fairbaim et al., 1961; Watts and 

Fairbaim, 1974). In vitro incubations in appropriate concentrations of succinate and acetate 

produced only partial inhibition (Insler and Roberts, 1980b), and it appeared that other 

compounds might be responsible for the remainder of the effects produced by the WCS. 

Insler (1977) showed that the unknown factors were heat stable and were not affected by 

trypsin or other proteases. Inlser and Roberts (1981) showed that WCS prepared from 

worms from a 1(X) worm infection had a greater inhibition of DNA synthesis than a WCS 

prepared from worms from a 50 worm infection. Further characterization of the 

components of the WCS by Zavras and Roberts (1984) showed twenty six amino acids in 

the WCS, but only D-glucosaminic acid resulted in inhibition of the incorporation of ^H-

thymidine into the DNA. Zavras and Roberts (1985) reported that cGMP was also partially 

responsible for the inhibitory effects of the WCS. This was the first time that cGMP had 

been reported as an excretory product of a cestode. A defined mixture containing all the 

identifiable inhibitory substances (12 mM succinate, 5 mM acetate, 25 |J.M D-glucosaminic 

acid and 2.8 nM cGMP) was as effective as the inhibition produced by tfie WCS. 



Aims of the Present Studv 

Since tfie putative crowding factors identified in the WCS were tested in vitro only, it 

was of interest to determine the effects of these substances on in vivo worm growth. The 

Alzet® osmotic pumps and the Spalding Medical Products tether and hamess systems 

provided different systems to deUver the test substances to the intestinal lumen of rats. 

The in vivo effects were studied on 5 worm (uncrowded) infections. Experiments 

focused on the physical and chemical parameters in an attempt to observe any artificial 

inductíon of the crowding effect in rats that harbored uncrowded infectíons. Physical and 

chemical observations recorded were wet weight, proglottisation and carbohydrate 

concentrations. Quantification of succinate concentrations within the lumen of perfused 

rats was attempted. 



CHAPTERII 

MATERL\LS AND METHODS 

Parasite Infections 

Female rats (Holtzman) weighing 120-200 g were used as definitive hosts for all 

infections witii Hymenolepis diminuta. The rats were housed individually in stainless steel 

suspension cages and were allowed to feed ad libitum on Purina Rodent Chow and water. 

A twelve hour light-dark cycle (0700 hrs to 1900 hrs) was maintained in the animal room. 

H. diminuta cysticercoids were reared in Triboliwn confusum at 30° C. They were 

infected by allowing starved beetíes (3 days) to feed on gravid proglottids for 24 hours. 

Recovery of the cysticercoids from the beeties was facilitated by 3 short disruptive bursts in 

a Sorval blender. Approximately 15 ml of water was added to a 60 ml blender container 

along with 8-10 infected beeties. Only cysts that appeared undamaged were used to infect 

rats. Gastric tubes were prepared by drawing up small amounts of water altemated by 

small amounts of air and lastly, the desired number of cysticercoids. For infection, the rats 

were lightiy anesthetized with ether and were infected with five cysticercoids by a gastric 

tube. After the inoculation of each rat with cysticercoids, each gastric tube was checked by 

flushing the tube with a small amount of water into a petri dish and checking the water 

under a dissecting microscope to insure that all the cysticercoids were given to the rat On 

day 7 post-infectíon, duodenal catfieterizatíon and either osmotic pump implantation or 

attachment to the tether-hamess system was performed. Rats were sacrificed on day 14 by 

cervical dislocatíon, and the worms were recovered from the small intestine in cold 185 

mM NaCl. 



Reagents and Hardware 

Osmotíc Pumps 

The Alzet® osmotic pump (Figure 1) is a miniature self-powered device that 

contínuously delivers test agents at closely controlled rates into mice, rats and other 

laboratory animals. The pump can be implanted subcutaneously or intraperitoneally. The 

pump that was chosen for these studies was designed to deliver 10 |J,l/hr for one week (total 

of 2 ml). The pump constmction consists of a collapsible reservoir that is flexible and 

impermeable and is surrounded by a sealed layer containing an osmotic agent, all of which 

is surtounded by a selectively-permeable membrane. The pump is fílled with the desired 

solution using a blunted 25 ga needle (provided by the manufacturer). When the filled 

pump is placed in an aqueous environment, the osmotic agent absorbs water at a rate that is 

controUed by the selectively-permeable membrane. This action generates hydrostatic 

pressure on the flexible lining of the reservoir gradually compressing it, producing a 

constant flow. 

In the "complete," defíned mixture of Zavras and Roberts (1985), succinate was in the 

highest concentration and was apparentiy responsible for a majority of the inhibition in the 

WCS; therefore, it was used in the fîrst of three sets of experiments involving the 

implantation of osmotíc pumps. In these osmotic pump experiments, three different 

solutíons were perfused to determine their effect on the growth and development of the 

tapeworms. In one experiment, 24 rats (8 control and 16 experimental) were duodenally 

catheterized (see surgery technique), and an osmotic pump containing either an almost 

saturated solution of either sodium succinate (4.3 M) or of water was placed 

subcutaneously on their back. The high succinate concentration was necessary to achieve 

the desired concentration because of the dilution by the small intestine. The intestine is an 

extremely complex and dynamic environment. The objective in these experiments was to 

have a system that would deliver a constant rate. Assuming a 5 ml volume of the small 

intestine and a delivery rate of 10 |i.l/hr, a solution containing 5.0 M of sodium succinate 
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was required to achieve 10 mM at the end of the first hour of perfusion. The concentration 

in the following hours would depend on water gain/loss, metabolism, and absoptíon of the 

solution by the small intestíne. Because of the solubility of succinate, only a 4.3-4.7 M 

solutíon was obtained. 

In the aforementíoned studies with WCS, acetate was in the second highest 

concentration. It was calculated that to obtain 12 mM concentration in the rat small 

intestine, accounting for dilution and rate of delivery (see above), a 5.0 M solution was 

needed. In these experiments, 6 control and 12 experimental infected rats were catheterized 

as above. 

In a third experiment using the osmotic pumps, succinate and acetate were combined 

as above to determine if the two compounds might work synergistically. In this 

experiment, there were 3 control and 6 experimental infected rats. 

"Feedthrough" Swivel System and Hamess System 

Rats were attached to a hamess and swivel system, and a Bio-Rad Econo-Column 

peristaltic pump (Bio-Rad Chemical Div., Richmond, CA) was used to perfuse the 

intestíne. This swivel and hamess system (Spalding Medical Products, Aubum, AL) 

allowed almost complete freedom of movement to the rat during the experiment. A single 

fluid swivel with teflon seals (Figure 2) was mounted above the cage. The swivel was 

connected to the animal by a tether. This was attached to a hamess and a velcro restrainmg 

strap which held the animal. As the animal moved, the tether with its enclosed catheter and 

the rotatíng connector moved, insuring that the catheter and the tether did not become 

kinked or tangled. The 4-channeI peristaltic pump was adjusted to inject approximately 50 

ml/day into the intestinal lumen over the course of seven days. One channel was used for 

the control, two channels were used for experimentals, and tfie fourth channel was used to 

monitor the output of tfie peristaltic pump. 



In these studies, the complete mixture was formulated to contain a lOX concentrated 

solution of the "complete" mixture described Zavras and Roberts (1985). Thus the 

complete mixture in the tether and hamess experiments contained 28 nM cGMP, 250 |J.M 

glucosaminic acid, 120 mM succinate, and 40 mM acetate. These concentrations of the 

solutions were used to account for assumed dilution in the small intestine. Glucosaminic 

acid and cGMP were made into stock solutions and stored at -20° C until use. After the 

solution was made, it was separated into 125 ml aliquots and frozen for subsequent use. A 

total of 14 replicate experiments were performed, including 14 controls and 28 

experimental rats. 

Surgical Catheterization Technique 

Using Silastic Medical Grade Adhesive, silicon type 4 (Dow-Coming, Midland, MI), 

a small bead was made approximately 2.0 cm from one end of a 25 cm length of Silastic 

Medical Grade Tubing (.020 inch ID X .037 inch OD; Dow-Coming). This was allowed 

to cure either ovemight or in a 40° C oven for approximately 3 hours. 

Rats were weighed and anesthetized by intramuscular injectíon of Rompun® (5 

mg/kg) and Ketamine HCI (44 mg/kg). The abdomen and the back over the scapulae were 

shaved using an electric shear and disinfected with 70% ethanol. Once the rat was asleep, 

an incision was made with a #15 blade through the abdominal skin, caudal to the xiphoid 

process to expose the linea alba . A second incision was made through tfie linea alba to 

expose the peritoneal viscera. The omentum was located and gentiy removed until tfie 

stomach and the proximal end of the duodenum were located. Approximately 3-5 cm of the 

small bowel was exposed. Using 6-0 nylon suture with a C-2 needle, a purse-string suture 

was made into tfie serosal muscle layer of tfie intestine with care taken not to perforate tfie 

lumen. A 14 ga needle was used to make an orifice into tfie lumen of tfie intestine in the 

center of the purse-string suture (Figure 3). The catheter was inserted to the bead and the 

purse-string drawn snugly but not tightiy. This was accomplished using a double 
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overhand knot. An anchor stitch was placed proximal to the bead, looped twice around the 

catheter in a half-hitch fashion and tied. Care was taken not to occlude tfie lumen of tfie 

catheter by drawing tfie anchor stitch too firmly. This anchor suture sufficed in keeping tfie 

catheter from being pulled out during the following week. The catheter and the intestine 

were gentiy placed back into the peritoneal cavity. Using a pair of curved hemostats, a 

second orifice was made in the abdominal muscle wall allowing the catheter to exit (Figure 

4). The incision in the abdominal wall was closed with the remainder of the suture. 

Once the abdomen was closed, a subcutaneous tunnel was made using a curved pair of 

hemostats (Figure 5). This tunnel extended from the site of incision to the area that was 

previously prepared above the scapulae. A small incision was made at the scapulae, and the 

catheter was protracted from the abdominal wall to the shoulder blades and extemalized. 

The abdominal skin was then closed with surgical staples. 

If the rat was to be used in the osmotic pump experiments, a large subcutaneous 

pocket on the back of the rat was made by blunt dissection using a pair of hemostats, 

insuring that there was enough room in the pocket so that the catheter was not kinked when 

attached to the pump. The catheter was attached to the nipple of the pump leaving enough 

length to the catheter so that it would not pull on the anchor suture at the intestinal end. 

If the rat was to be used in the tether and hamess perfusion experiments,the hamess 

was slipped around the neck of the rat and the catheter, measured to an appropriate length, 

was attached to the nipple of the catheter within the tether (Figures 6). Finally, the velcro 

restraining strap was applied, and care was taken to assure that the strap was not so tight 

that the rat had diffîculty breathing (Figure 7). Figure 8 shows the rat attached to the tether 

and hamess apparatus while in its cage, and Figure 9 shows the entire pump and tether 

apparatus. 
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Chemical and Enzvmatic Measurements 

Carbohydrate Determination 

Total carbohydrate was estimated spectrophotometrically at 620 nm by the antfirone 

reagent (Mokrasch, 1964). Results were compared with glucose standards using a Gilford 

250 spectrophotometer. It was estimated that approximately 40% of the dry weight of the 

tapeworm would be carbohydrate (Roberts, 1961). The worms from each rat (usually 5) 

were homogenized in 100 ml of distilled water using a teflon pestíe and a glass 

homogenizer. The homogenate was diluted witfi distilled water to achieve a 1:10 (v/v) 

dilution. Aliquots of 0.2 ml and 0.5 ml were used in the assay. Each sample was analyzed 

in duplicate. 

Succinate Determination 

Small intestines from rats infected with 5 tapeworms were removed in toto , flushed 

with 60 ml of 185 mM saline and the worms removed and saved for subsequent use. The 

lumenal contents were deproteinated using perchloric acid (PCA). Succinate levels in the 

rat intestine were measured according to Singer et al (1966) using succinate dehydrogenase 

prepared from Ascaris suum muscle (Kmetec, 1966). The optical density of the cuvette 

was read at 450 nm. The assay procedure when used with a final volume of 3 ml was 

sensitive to the range of 0.4 to 4.0 |j.moles of succinate. The formula for the line of the 

standard was Y = 0.98 - 0.16X, R= 0.98. Several variations of tiie above procedure were 

performed in an effort to obtain standardized results. The following modifications were 

executed: 

1. The standard procedure was performed with enzyme that had been dialyzed (two 

changes of 0.04 M sucrose-Tris in 24 hours, pH 8.5). 

2. Standard procedure was performed with the intestinal contents recovered in 10 ml 

of distilled water instead of the normal 60 ml of NaCl. 
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3. After completion of the reaction, one control and one experimental cuvette were 

spiked with 1 p.moIe of succinate. 

4. Entfre new stock solutions were prepared immediately before analysis. 

5. Intestinal samples were lyophilized and reconstítuted in 5 ml of distílled water. 

6. The intestínal sample was adjusted from an acidic pH to a pH of 7.5. 

7. Intestinal samples were measured that had not been put through the perchloric acid 

(PCA) deproteination. 

8. Samples from an unifected rat (10 ml of distilled water to recover contents) were 

used in the standard procedure. Half of the sample was deproteinated witfi PCA , the other 

half was not treated with PCA. 

Each of the above mentioned modifications were performed at least two times. 

Phvsical Parameters 

Wet Weight Determinations 

Following removal from the small intestine, worms were rinsed in cold 185 mM 

saline, blotted on a piece of Whatman #1 filter paper, and weighed. Wet weights were 

recorded on all worms in the experiments. 

Staining and Mounting 

Worms were relaxed in tap water ovemight and fixed in alcohol-formalin-acetic acid 

fixative the following day, stained with Semichon's acetic carmine, and mounted on glass 

slides with Permount. A total of 33 worms were stained and mounted: 15 were from 

control groups, and the remaining 18 were from experimental groups. 

Proglottid Counts 

Proglottid counts were all begun at the posterior end of tiie worm and progressed 

toward the scolex. Gravid, mature and immature proglottids were distinguished. The 

definitions given by Roberts (1961) were used to categorize the proglottids. Proglottids 
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were considered gravid if they contained oncospheres with hooks and were surtounded by 

a well developed shell (eggs did not have to be fully developed but merely have a shell). 

Mature proglottids were counted from the anteriormost gravid proglottid. This group 

included pregravid proglottids. Immature proglottids were defined by ovary without 

lobation, testis size beginning to become smaller and seminal receptacle no longer easily 

discemible. Immature proglottíds were enumerated to the point where genital primordia 

could no longer be seen. 

Resitfts were analyzed using one-way analysis of variance. Standard ertor of the mean 

was reported as ± SEM. 
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Figure 1. Diagram of Alzet® osmotic pump. Diagram from technical 
reference file, Alza Corporatíon, Palo Alto, CA. 
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Fi^ure 2. "Feedthrough" swivel and hamess apparatus from technical 
reference file, Spalding Medical Products, Aubum, AL. 
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Figure 3. Surgical technique. A 14 gauge needle was used to perforate the 
intestine in tiie middle of tiie purse-string suture. 
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Figure 4. Surgical technique. Photograph of second orifîce used to pass 
tiie catheter through the abdominal wall. 
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Figure 5. Surgical technique. Blunt dissection used to make subcutaneous 
tunnel from abdominal wall incision to area previously prepared above 
scapulae. The catheter is then placed through this tunnel extending from the 
abdominal wall to the orifice made above the scapulae. 
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Figure 6. Surgical technique. Measurement of the appropriate length of 
catheter to attach to the tether nipple. Enough length was allowed to prevent 
puUing on the intestinal end of the catheter. 
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Figure 7. Surgical technique. Application of the velcro restraining strap. 
Care was taken to allow ample room in the restraint to prevent any fomi of 
respiratory difficulty. 
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Figure 8 Tether and hamess apparatus with swivel mounted above the 
cage. Note tiiat tiie cage has plenty of room for tiie rat to move about, but 
not so much room tiiat tiie animal is pulling on the catheter. 
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Figure 9. Entire perfusion assembly. Form left to right: two experimental 
animals, peristaltic pump, and the control animal. Two of the flasks 
contained the "complete" mixture (one for each animal) and a third flask that 
contained distilled water for the control animal. A fourth flask, stationed 
behind the peristaltic pump, containing tap water was used to monitor the 
output of the pump which was measured by the graduated cylinder just to 
the left of the pump. 

I 
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CHAPTER m 

RESULTS 

Osmotic Pump Experiments 

These data represent tiiree sets of experiments using implanted osmotic pumps. In the 

first experiment, a 4.3 M solution of succinate was added to the pump and was implanted 

subcutaneously in tiie rat on day 7 postinfection. On day 14 postinfection, the rat was 

killed, the small intestine removed in toto, and the worms flushed from the intestine with 

saline. The worms were removed from the saline and rinsed once with clean saline. They 

were blotted dry on Whatman #1 filter paper and weighed. A total of 24 surgeries were 

performed (8 control and 16 experimental). There was no significant difference in wet 

weights of the control worms and the experimental worms (Table 1). In the second 

experiment, a 5.0 M solution of acetate was placed in the pumps and was perfused into the 

duodenum of the rat. A total of 18 rats were catheterized (6 control and 12 experimental). 

No significant difference was observed between wet weights in the control worms and the 

wet weights in the experimental worms . In the third osmotic pump perfusion experiment, 

a solution of 4.3 M succinate and 5.0 M acetate was added to the pump. A total of 9 rats 

were catheterized in the previous fashion (3 control and 6 experimental). Again, no 

siginificant difference was observed in wet weights between tiie control and experimental 

worms. 

"Feedthrough" Swivel Experiments 

A greater volume of fluid was used in tiiis series of experiments because of tíie 

apparent lack of effect using the osmotic pumps. For example, the osmotic pump delivered 

240 )il/day while the feedthrough system delivered 50 ml/day. In these experiments the 

duodenum of the rat was catiieterized on day 7 post-infection in same manner as in the 
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osmotic pump experiments and attached to the tetfier and hamess apparatus (see surgical 

technique). This device required the use of an extemal peristaltíc pump which was 

operated at 50 ml/hr. On day 14 post-infection, tiie rat was killed, tíie small intestine 

removed in toto , and tiie worms flushed from the intestíne with saline. The worms were 

weighed and saved for later use. Wet weights of tfie worms (Table 2) at the end of the two 

week growth period showed that tiie experimental group was 53% less tiiat tiie control 

group (p<0.01). 

In a second experiment, the total carbohydrate in the worms was estimated using the 

anthrone assay. Significant difference was observed between the total carbohydrate (mg) 

per worm in the control and experimental groups (p<0.01, Table 3). This was consistent 

with the relatíve size of the worms because the worms in the control group were larger than 

those in the experimental group. When the concentratíon of carbohydrate per worm was 

calculated, there was no significant difference between the control worms and the 

experimental worms. These experiments were performed in duplicate for three different 

populations (total of 5 control worms and 10 experimental worms). 

Inlser and Roberts (1980b) reported that of the many substances excreted by the 

worms into the WCS, succinate was in the highest concentration and was apparentiy 

responsible for 30% of the inhibition of the incorporation of ^H-thymidine into the DNA of 

the worms. Succinate quantitation was attempted using the succinate dehydrogenase assay 

as described by Singer et al. (1966). The succinate dehydrogenase was prepared from 

Ascaris muscle by the procedure described by Kmetec (1966). A great deal of difficulty 

was encountered in a effort to standardize results. The procedure was modified in a 

number of different ways without satisfactory results (see Materials and Metíiods). A 

satisfactory standard curve (Y = 0.98 - 0.16X, R = 0.98) was obtained without difficulty, 

but when succinate was measured in the deproteinated intestinal sample, no succinate was 

found. When a known amount of succinate was added to the intestinal sample, recovery 
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was less than tfiat added. This indicated some factor(s) in tfie intestinal sample was 

inhibiting tiie enzyme. As a resuh of the difficulty encountered and tfie number of 

modifications made in the procedure witiiout satisafactory results, the effort was 

abandoned. 

We also wanted to investigate the in vivo effect of tiie "complete" solution on 

proglottid productíon. The worms from three sets of tether and hamess perfusion 

experiments were stained and mounted and the proglottids enumerated and differentíated 

into gravid, mature and immature proglottíds (15 worms from 3 control groups and 18 

worms from 3 experimental groups). The total number of proglottids per worm in the 

experimental group was significantíy different from its control counterpart. Each subset of 

proglottíds in the experimental group was significantiy different form its control (Table 4). 

In a final experiment, the effect of the substances perfused on the rat host was 

measured by monitoring the weight gain or loss over the course of the week. The amount 

of weight gained (means ± SEM) by the control group (n = 3) which had distilled water 

infused over the course of the week, 41.0 ± 4.7, was not significantly different from the 

experimental group (n = 6) which had the "complete" solution infused over the course of 

the week, 37.0 ± 5.6. 



Table 1: Average wet weight of worms in osmotic pump experiments.* 
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Group Succinate 

Pump Solutíon 

Acetate Succinate/Acetate 

Control: 

Experímental: 

mg±SEM(n) 

234.4±16.2(19) 

289.8±30.0r42) 

mg±SEM(n) 

144.7±23.8(23) 

192.9±21.0n0) 

mg±SEM(n) 

349.6±97.8(5) 

286.7±30.6(25) 
Average wet worm weight after 7 days of perfusion with either distilled water in the 

control group or the indicated solution above the column. (n = number of worms) 
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Table 2: Average weight of worms in "Feedthrough" swivel experiments.* 

Group (n) Avg. Weight (mg) 

Control: (40) 353.50±22.9 

Experímental: (70} 166.52±21.8 
*Average worm weight after 7 days perfusion at 50 ml/day witfi either 
distilled water (control) or the "complete" mixture (experimental). Data 
given as means ± SEM. (n = number of worms) 
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Table 4: Effects of perfusion with crowding factors on number of proglottids.* 

Group Immature Mature Gravid Total (n) 

Control: 748 ± 30^ 1164±57c 135 ±19^ 2035 ±585 (15) 

Experimental: 585 ± 19^ 754 ±63^ 18 ±9^ 1354 ±63^(18) 
*Average number of proglottids per worm after 7 days of perfusion with either distilled 
water (control) or the "complete" mixture (experimental). All values are reported as 
average number of proglottids per worm ± standard error. (n = number of worms). Values 
with same superscript letter are not signiflcantly differen, p<0.01. 



CHAPTERIV 

DISCUSSION 

These m vivo experiments strengthen the hypothesis that the tested crowding factors of 

Zavras and Roberts are at least in part responsible for the crowding effect. The present 

study supported the earlier observation on DNA synthesis with respect to wet weight, 

proglottisation, and proglottid differentiation. Carbohydrate concentrations (% 

carbohydrate) of control worms were not significantly different from experimental worms 

which supported the hypothesis that carbohydrate supplies in the host diet were not a 

limiting factor in the growth and development in the worms of this age group. 

Unfortunately, the quantification of succinate in the intestinal lumen of the rat was not 

accomplished. 

Worms from larger population densities ofH. diminuta exhibit a lower growth rate 

compared to worms from smaller population densities. Roberts (1961) and Insler and 

Roberts (1980a) suggested that substances secreted by worms affect the growth of other 

worms. Subsequent studies of germinative regions, when incubated in WCS, found the 

incoiporation of ^H-thymidine into the DNA was inhibited by 58% (Insler and Roberts, 

1980b). Several substances in the WCS were responsible for the inhibition of DNA 

synthesis. After chemical analysis of the WCS, in vitro studies showed succinate and 

acetate (Insler and Roberts, 1980b) in combination with D-glucosaminic acid and cGMP 

(Zavras and Roberts, 1984, 1985) were responsible for an inibition of DNA synthesis that 

was not signifîcantly different than those levels observed by the WCS (Zavras and Roberts, 

1985). 

The mammahan intestine is an extremely complex enviroment. This makes the study 

of the physio-chemical balance between the tapeworms and their environment very difficult 

(Mettrick, 1975; Podesta and Mettrick, 1974, 1975). Because of this complexity, it was 

39 
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necessary to investigate the physiological relationship between the in vitro and in vivo 

crowding situations. The m vitro determinations have been performed previously Qnsler 

and Roberts, 1980a , 1980b; and Zavras and Roberts, 1984, 1985). In ultimate support of 

tiie hypothesis that tiie crowding factors are at least partially responsible for tíie crowding 

effect, m vivo experiments were performed in tíie present study. It is difficult to correlate 

directly the previously reported in vitro studies to the in vivo studies presented here, 

especially in terms of physical parameter measurements as a result of DNA syntíiesis. 

TheoreticaUy, a down regulation in DNA syntíiesis could lead to a diminution in size of tíie 

worm and otfier physical parameters such as proglottid production. In the present smdy, 

tiie effects observed in tíie in vitro experiments have been extrapolated to be a result of a 

down regulation in DNA syntíiesis caused by tfie crowding factors. 

The Alzet® osmotic pump (Figure 1) is a miniatiu-e self-powered device that can 

continuously deliver test agents at a controlled rate over a prescribed time period. Its 

unique characteristics include tíie following: (1) complete freedom of motion for tíie animal; 

(2) simple application and implantation in the animal; and (3) consistent output over a 

prescribed time period. Because of the unique characteristics, it was thought that these 

devices would be ideal for use in the catheterization experiments. Unfortunately, 

expectation was not confirmed. The greatest problem to be overcome initially was that the 

pump only delivered a total of 2 ml in a 7 day period (10 |il/hr). It was estimated that to 

obtain a 10 mM succinate environment around the worms in the rat intestine, the succinate 

solution that was to be placed in the pump would have to exceed the saturation point of 

succinate by a small amount (5.0 M). Therefore, a 4.3-4.7 M solution of succinate was 

formulated and added to the pumps for the first set of experiments. This concentration 

should have prevented any crystallization of the solution while in the pumps. After a 

number of surgeries (19 replicates) and no observable effect on wet weight of the worms, it 

was decided that tíiis amount of succinate was not apparentiy affecting tíie growth of the 
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worms (Table 1). In the second set of experiments witíi the osmotic pumps, a solution of 

acetate was formulated (5.0 M) and added to tíie pumps to obtain a 10 mM concentration in 

the small intestine of tíie rat. After 18 surgeries, tíiis component had no observable effect 

on wet weight. In a final attempt using 9 osmotic pumps, a solution of succinate and 

acetate in the aforementioned concentrations was added to tíie pumps to determine if tíie 

two compounds might work synergistically. Again, no effect on wet weight was observed 

m terms of wet weight. Because no effect was seen, it was tíiought tíiat the problem might 

arise from tíie low volume output of tíie osmotic pumps. It is possible tíiat succinate and 

acetate given at a rate of 10 |il/hr were being absorbed and oxidized by the rat's small 

intestine before reaching and affecting the worms. 

Because the osmotic pumps had a maximum output of 10 |J.l/hr, a change in the 

delivery system was necessary to increase the volume of fluid tiiat was perfused into the 

intestine of the rat. The peristaltic pump was ideal because this pump could be adjusted to 

operate at a volume up to several miUiliters per hour. The only modification in the surgical 

technique was the extemalization of the catheter to accommodate the tether and hamess 

apparatus. The peristaltic pump was adjusted to deliver 50 ml/hr. This volume would 

increase the probability that the worms in the intestine would come in contact with the 

solution. In these experiments, a lOX "complete" solution (Zavras and Roberts, 1985) 

was formulated and perfused to account for dilution (120 mM succinate, 50 mM acetate, 

250 jim D-glucosaminic acid, and 28 nM cGMP). 

At the end of the two week growth period, the rats were sacrificed and the worms 

recovered and weighed. The experimental worms weighed 53% less than the control 

worms (Figure 2). This corresponded well with the report of Zavras and Roberts (1985), 

in which a "complete" mixture accounted for 49-54% of inhibition of the incorporation of 

3H-thymidine into DNA in vitro. Although cell division is not the same as cell growth, the 

correlation was interesting. 
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The anthrone assay was used to measure carbohydrate in tíie worm after wet weights 

were obtained. In these studies a total of nine worm populations were used. There was 

sigmficant difference observed between tíie control and experimental worms (Table 3) witíi 

respect to carbohydrate concentration expressed as total carbohydrate per worm. Total 

amounts of carbohydrate per worm in the control worms were slightly less tíian that 

reported by Roberts (1961). The carbohydrate concentrations (% carbohydrate) were also 

slightiy less tiian tiiose reported by Roberts (1961). Carbohydrate concentrations can vary 

and are associated witíi tíie feeding times of the rat host. Reid (1942) showed tíiat tiie 

carbohydrate content of Raillietina cesticillus (a common poultry cestode) fluctuated and 

tfiat tiiese flucniations were associated with tíie feeding time of tíie host. Thus, tíie slight 

difference in the carbohydrate content in the present study relative to the previous work (see 

above) may reflect the rat's feeding time. No attempt was made to regulate the feeding 

schedule of the rat, but an effort was made to sacrifice the rats in a uniform time period. 

Occasionally, some rats were sacrificed outside of this time frame, but no record of those 

individuals was kept. Consistent results were obtained in all of the carbohydrate assays, 

but the inherent problems associated with the feeding behavior of the rats and the time that 

the rat was sacrifîced may have led to the slight discrepencies between the work cited here 

and that reported by Roberts (1961). 

Read (1959) and Read and Phifer (1959) concluded that the crowding effect was due 

to competition for utilizable carbohydrate in the host's diet by the individuals in a 

populatíon. Roberts (1961) questioned this hypotíiesis in that the competition for 

carbohydrate in the host's diet could not account for all the features of the crowding effect. 

Among the discrepancies noted by Roberts (1961) and others were the following: (1) tíie 

crowding effect can be detected as early as 8-10 days into the infection, although the 

worms are much better competitors for glucose at that age than much larger worms 

(Roberts, 1980), and (2) carbohydrate suppHes only become limiting when worms have 
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reached their maximal size (Mead and Roberts, 1972). In tíie studies herein, tíie control 

worms were significantly different in total carbohydrate when compared to tíie experimental 

worms (Table 3), but this was directfy related to tíie mass of tíie worm. It is obvious tíiat if 

a worm has a large mass it is likely to have a higher total amount of carbohydrate when 

compared to otíiers of lesser mass. When tíie amount of carbohydrate was expressed as a 

% of dry weight of the worm, tíiere was no sigificant difference between the control worms 

and tíie experimental worms. Even tíiough there was stunting of tfie worms in terms of wet 

weights and proglottid production, tiie stunting was apparentiy not due to the lack of 

carbohydrate. 

Mamration in most cyclophyllideans (which includes H. diminuta) is a series of events 

tíiat follows the pattem: (1) initiation by rapid cell multiplication, (2) organogeny, (3) 

proglottisation, (4) gametogeny, (5) shell formation and embryogenesis, and (6) 

oviposition. Proglottisation becomes apparent at the most posterior end of the worm with 

the last segment being the oldest. The germinative region, having the highest mitotic 

activity, is the origin of the proglottids. As cells differentiate, develop and move 

posteriorly, they are added the strobila. The crowding effect has a direct effect on the 

germinative region, resulting in a decreased number of proglottids produced by this area of 

the worm. In this study, it appeared that the "complete" mixture had an effect on the 

worms in terms of production of proglottids. This evidence supports the conclusion that the 

tested compunds mediate the crowding effect. Significant differences between control and 

experimental worms were observed in the total number of proglottids and in the subsets of 

the differentiated proglottids (Table 4). These values coirelated well with previous reported 

values by Roberts (1961). 

Succinate was in the highest concentration in the worm conditioned saline (WCS) 

Insler and Roberts (1980b), and it was responsible for 30% of the inhibition of tíie 

incorporation of ^H-thymidine into the DNA. Because of the high concentration of 
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succmate in tíie WCS, quantitation of succinate in tíie rat intestine was attempted. A great 

deal of difficulty (see Results) was encountered in this assay, and a number of 

modifications were made in an attempt to eliminate the source of error. The standard curve 

was easily obtained and was very sastifactory, witíi good Hnearity according to tíie quantity 

of succmate standard added to the cuvette. The problem arose when an attempt was made 

to measure the amount of succinate in the intestinal sample. Each sample was assayed at 

least in duplicate. Initially, tíie contents of the intestine were recovered using 60 ml of 

NaCl solution, possibly causing the succinate concentration to be too dilute assay. It was 

also considered tíiat there might be an inhibition of tíie enzyme because of the high 

concenti^ation of salt present. The sample was lyophilized and recovered in 5 ml of distilled 

water. Unsatisfactory results were obtained when tíie sample was assayed. In an attempt 

to decrease the salt content to a greater extent and to increase the succinate concentration in 

the sample, intestinal samples recovered in 5 ml of distilled water instead of the normal 60 

ml of NaCl solution. The contents were again assayed with unsatisfactory results. In still 

another effort to reduce the salt content in the assay the enzyme was dialyzed in two 

changes of sucrose-tris solution 12 hours apart. Intestinal samples were assayed again 

with poor results. In view of the fact that the pH of the sample might have an effect on the 

assay, the pH of the sample was changed from an acidic pH to a pH of 7.5. This resulted 

in a precipitation of a particulate matter that caused severe interference in the reading of the 

sample by the spectrophotometer. It was also possible that the assay solutions had 

deteriorated. All new solutions were made and no improvement in the results of the assay 

were observed. Finally, a series of modifications in the deproteination of the intestinal 

contents was tested to assure the perchloric acid was not inhibiting for the assay. Intestinal 

samples were divided into two equal parts, 1/2 was deproteinated and assayed, and the 

other was assayed without deproteination. No observable improvement was detected. In a 

fmal attempt, an unifected rat was sacrificed and the intestinal contents were flushed with 5 



45 

ml of distilled water. The sample was divided into two equal parts, one was deproteinated 

and both were assayed for succinate. No detectable succinate was found. 

In addition to the malonate conu-ol cuvette and tíie experimental cuvette, each time tíie 

procedure was performed, two additional cuvettes were added to tíie procedure. In tíiese 

two cuvettes (one contt-ol witíi malonate and one experimental) 1 ^imole of succinate was 

added in an attempt to measure tfie 1 ^imole that was added. Even in this situation, in 

which a known amount of succinate was added to tíie cuvette, poor results were observed. 

Usually, less than half of tíie amount of succinate added was recovered. 

In smdies performed by Insler and Roberts (1980b), the same assay was used to 

measure succinate levels in the intestme of rats witíi 10 and 50 worm infections and rats 

with no infections. Significant levels were reported in both 10 and 50 worm infections 

with no mention of difficulty in the procedure noted. It is not known why the assay 

worked in one situation with a biological sample (Insler and Roberts, 1980b) and with 

succinate alone, and did not work with the biological samples generated in the present 

study. 

In conclusion, the crowding effect observed in Hymenolepis diminuta is apparently 

caused in part by succinate, acetate, D-glucosaminic acid, and cGMP in vivo. The in vivo 

smdies presented herein support in vitro data previously reported that suggest tíiat the tested 

substances may partially account for the crowding effect. Further mvestigation of tíie mode 

of action and pathway regulation is needed. The present smdy provides a methodology for 

perfusion of the rat for in vivo studies. In an effort to determine the importance of tfie 

individual components of the "complete" mixmre, investigations should include perfusion 

with single and combined components of the "complete" mixture. 
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