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Abstract' of a thes i s  presented in partial fulfilment 

of the requirements for the Degree of Doctor of Philosophy 

STUDIES OF THE PHARMACODYNAMICS 

AND 

MODES OF ACTION OF ANTHELMINTIC DRUGS 

b y  U M I N  S OE 

'ltl,e aim of this work is to extend existing knowledge both wi th respect to 

the mode of action of anthelmintics and the biochemical and phys iological 

mechanisms which may be disrupted by drug action . The helminth species 

examined include nematodes , Ascari s suum, Ascaridi a gall i and Trichuris 

ovi s and cestodes , Moni ezi o" T. hyda tigena , T. taeni reformis and 

Echinoccocus granulosus; the anthelmintics studied were methyridine , 

diethylcarbamazine , pyrantel , morantel ,  tetramisole , levamisole , 

dichlorvos , vincofos , cambendazole and mebendazole . The helminth 

characteristics selected for mos t  intensive s tudy are (a)  the occurrence 

and properties of helminth cholinesterase and (b) the uptake of glucose . 

The breadth of the study was limited by the availability of fresh 

material and not all combinations of helminth and drug were investigate d .  

The histochemical localisation of cholinesterase activity in whole 

mounts and sections of tapeworms using thiocholine e sters revealed a 

complex ne twork of tegumental receptors feeding a nervous system with 

efferents to suckers , roste llum and hook muscles . I t  is suggested tha t 

tapeworms have re flex arc s  involving the se struc tures allowing them to 

maintain their posi tion in the host intestine i n  spi te of peris taltic 

action . These arcs are susceptible to anticholinesterase anthelmintics . 

Other cholinesterase activi ty is as sociated with the scolex , c irrus , 

geni tal pore and sometimes the tegument. 

High cholinesterase specific activities against acetylthiocholine were 

measured in Echi nococcus scoleces and tapeworms , but lower leve ls in 

nematodes .  Di fferential centri fugation of homogenates was used to 
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study their occurrence in the tis sue and fac i l i tate further 

characterisation . However ,  the enzyme was widely distributed i n  these 

species although somewhat higher in the particulate fractions . Ac tivity 

was increased li ttle , i f  any, by attempts to solubilise i t  wi th the 

detergent ,  Tri ton X-IOO. Cholinesterase in some fractions particularly 

from T. ovis , had a high temperature optimum around 600C ,  but never 

showed the phenomenon of autoinhibition by substrate at concentrations 

up to IO-2M. Cholinesterase in species of worm with high level s  of 

en zyme was more sensitive to eserine inhibition than those with lower 

leve l s . 

In studies of glucose uptake from the medium by Ascaris and two 

tapeworms , i t  was confirmed that transport into Ascaris was strongly 

inhibi ted by certain benzimidazole anthelmintics . Transport into 

Ascaris , but not the cestode s ,  was also discovered to be sensitive to 

local anaesthetics such as procaine or lignocaine . Uptake into 

tapeworms was inhibited by the absence of sodium ions , phlori zin , 

iodoace tate and dinitrophenol .  I t  was less inhibited by benzimidazoles 

and not at a l l  by organophosphate anthelmintics , but was sensitive to 

phenolic drugs such as hexachlorophene and nitroxynil . 

I n  the dog and sheep , a number of anthelmintic drugs administered 

intravenously showed predominantly nicotinic e ffects on blood pressure 

and respiration supporting the cholinergic action of these drugs . 

Although sheep red-cel l  cholinesterase i s  more sensitive to inhibi tion 

than that of all helminths tested , the oral route of administration 

of anthelmintics remains safe for the host and effective against 

i ntestinal parasitic worms . 
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1. THE S IGNIFICANCE OF HELMINTH INFECTIONS AND 

THE IR CONTROL 

1 . 1  T H E  GLOBAL S I G N I F I CA N C E  OF H E L M I N T H  D I S E A S E  

Because o f  the need for brevity only a few generali sations can be 

made concerning the overal l  relation of he lminth disease to world 

health and l ives tock production . 

In  man , the major problems are undoubtedly located in tropical and 

sub-tropical areas where climatic , ecological , sociological and 

other factors combine to favour persistance and spread of parasite 

helminths , and in large areas of the world almost all the indigenous 

populations may be infected with such serious and debi litating 

conditions as bilharziasis ( schistosomiasi s )  and hookworm disease 

( Wilson and Schi ld , 1959 ) . The topic has been dealt with dramatic­

ally in the classic treatise ' This Wormy World ' ( Stoll , 1947 ) . 

Some re levant data are given in Table 1 . 1  

TABLE 1 . 1 .  SHOWING THE EXTENT OF SOME HELMINTH INFECTION IN MAN * 

Infections 

Total number of infections 

Number of people infected 

Ascaris l umbri coides 

Hookworm 

Trichuris trichiura 

Enterobius vermi cularis 

schistosoma 

Fil ariae 

Number of infections 
(x 106 ) 

2250 

800 

644 

456 . 8  

355 

208 . 8  

114 

304 

References 

Stoll ( 1947 ) 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Di tto 

Di tto 

2 .  

Schistosoma japonicum (China ) 

s .  haema tobium and S .  Mansoni 
(Egypt) 

3 3  

12 

Slack & Nineham ( 1968 ) 

Ditto 

S .  haema tobium 
(West and Central AFrica ) 

S .  Mansoni ( Brazi l )  

8 . 5  

4 . 0  

* To t a l  w o r l d  popu l a t i o n  2 1 §6 x 1 0 - 6 

Ditto 

Ditto 



3 
1 . 3  

In contrast to man, the main helminth problems assoc iated with livestock 

production appear in temperate regions and are related particularly 

to deve lopment of highly stocked grasslands and intensive poultry and 

pig production units . The global economic loss arising from 

mortal i ties,  i nhib,i ted production and associated with development and 

application of control measures, i s  a matter for con j ec ture - but 

mus t  easily amount to billions of dollars annually . 

1 . 2 C H EM O T H E RA P Y  A N D  A N T H E LM I N T I C S  

As i n  the case of infection by all small or microscopic pathogenic 

organisms, the mai n  line of therapeutic defence lies i n  utilising the 

selective toxic i ty of suitable drugs against the pathogen .  

The term selective toxic i ty was i ntroduced by Albert (1977 )  to 

embrace the use of chemical substances to destroy or inhibit an 

unwanted species ( the uneconomic species ) whi le, at the same time, 

causing l i ttle or no harm to a c losely associated desirable spec ies 

( the economic species ) .  

I n  medici ne, the economic species may be man or some other desired 

animal - whereas the uneconomic species may be a virus, bacterium, 

fungus, protozoan, he lminth paras ite or neoplastic cell . I n  this 

context the use of drugs with the ob j ect of causing maximal injury 

to the pathogen or neoplasm and minimal harm to the host is described 

as chemotherapy . Anthelmintics are drugs used for the chemotherapy 

of helminth ihfections and their role i n  disease control can scarcely 

be overestimated . 

1 .  3 .  H E L M I N T H  C O N T R O L  B Y  D RU G S  

Drugs play many roles in parasite control and the topic has been 

recently comprehensive ly reviewed by Campbell (1977 ) . The most dramatic 

i l lustrations re late to protozoa . As examples, it i s  now regarded 

virtual ly axiomatic that an e f�ective coccidiostat· is indispensable 

for the successful i ntensive production of chickens ;  the role of 

antiplasmodial in the chemoprophylaxis of malaria (6 x 106 cases and 

2 - 3 x 106 deaths annually ) is widely recognised ; visceral 
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leishmaniasis was regarded 95 per cent fatal be fore the introduction 

of antimonial drugs and about 95 per cent non-fatal afterwards (Campbell , 

197 7 ) . wi th respect to nematodes ,  mass treatment with piperazine in 

ascariasis control programmes by a number of countries including 

Japan , Taiwan and Korea have resulted in a dramatic fall in prevalence , 

for example , in Japan from 4 3  per cent in 1953 to 5 per cent in 1964 

(W . H . O . , 1965 ) . In filarial control , the use of diethylcarbamazine 

for reduc ing the reservoir of microfi lariae in human populations , and 

thus preventing vector transmission is showing considerable promise 

of success (Wilson , 1968 ; Sasa , 1968 ; Desowitz , 197 1 ) . 

1 . 4  D E V E L O P M E N T  O F  N EW A N TH E LM I N T I C S  

Screening techniques using the natural he lminth flora o f  smal l 

laboratory animals such as rats and mice for testing large numbers 

of candidate compounds have been comprehensively reviewed by Standen 

(1963 ) .  Prior to the deve lopment of such screen ,  the discovery of 

new anthelmintics was large ly empirical and few satisfactory 

anthelmintics existed . S ince the mid 1950 ' s  however ,  the wide scale 

adoption of the laboratory screening technique has resulted in ever 

increasing flow of effec tive anthelmintic drugs . Concurrent with 

these developments , we have seen quickening interest in the basic 

mode of action of these substances with a view both to establishing a 

more rational and precise means of development of new compounds and 

in addition , to learning more of the basic physiological mechanisms 

which may be effec ted by the drug . The last named aspect follows the 
. 

classical goal of general pharmacology to develop the use of the drugs 

as biological research tools. 

1 . 5  S I GN I F I C A N C E  OF TH E P R E S E N T  RE S EA R C H  

The present thesis i s  concerned with mode of action with respect to 

the pharmacodynamics of anthelmintics themselves and the e ffects on 

glucose uptake and cholinesterase (both biochemically and histo­

chemically) in a variety of parasi tic helminths . 
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The overal l goal is thus to inc rease the scope of existing knowledge 

to more spec ies of helminths and more anthelmintic drugs , thus 

increasing our understanding of the basic actions of this important 

class of drugs on the organisms they are selected to affec t .  

5 
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CHAPTER 2 MODE OF ACTION OF ANTHELMINTICS 

2 . 0  I N T RO D U C T O RY R E MA RKS 

2 . 1  NATU RA L C Y C L I C  C O M P O U N D S  

2 . 2  

2 . 3  

2 . 4  

2 . 5  

( a ) Are co l in e  

(b ) As p idium 

( c )  C h e n o p o d i u m  

( d )  Ka ma l a  

( e )  Ka inic Acid 

( f )  P e l l e t ie r in e  

(g) Nico t in e  

( h ) S a n t o n in 

(i) P r o t e ol y t ic En zymes 

M E T A L S  A N D  O TH E R  I ON S  

( a )  . An t imon y 

(b ) Ars e n ic 

( c )  Ca dmiu m 

( d )  Copp e r  

(e) F l u o ride 

( f )  L e a d  

(g) Tin 

O RGANO P H O S P H O RU S  C OM P O U N D S  

S I M P LE A L I P H A T I C H A L O G E NA T E D H Y D RO C A RB O N S  

( a ) Ca rbon Dis u l ph id e  ( CS 2 ) 

( b i  C a rbon Te t r a ch l o ride ( C C1 4 ) 

( c )  Te t r a ch l o r e t h y l e n e  ( C 1 2 C = CC1 2 ) 

( d )  He x a ch l o r e t h a n e  ( C 1 3 C - CC 1 3 ) 

( e )  Difl u o r o t e t ra ch l o re t h a n e  ( F2 - C l -C - C - C 1 3 ) 

( f )  N - b u t y l - ch l o rid e ( CH3 - CH2 - C H2 CH2 C l ) 

S I NG L E  R I NG E D  C A RB O XY L I C  C O M P O U N D S  

( a ) To l u e n e  

(b ) He xa ch l o r o pa r a zy l e n e  

( c )  He x y l r�s o r c in o l  

( d )  Dis oph e n o l  

( e )  Nit r o x y n il 

( f )  Bi t o s c a n a  t e  
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2 . 6  H E T E ROC Y C L I C  C OM P O U N D S , B E P H E N I UM AND T H E N IUM 

(a ) Me t h y r id in e  

( b )  Pip e r a zin e ( d ie t h y l e n edlamine) 

( c ) D ie t h y l c a r b a m a zin e 

( d )  Be ph e n iu m  a n d  t henium 

2 . 7 B I S P H E NO L S  

( a ) He xa ch l o r o pho ne 

( b )  'Dic h l o ro p h e n  

( c )  Bit h io n o l  

( d )  Bit h io n o l  s u l pho xlde 

2 . 8  S A L I C YLAN I L I D E S  

2 . 9  

2 . 1 0 

2 . 1 1 

2 . 1 2 

( a ) Nic l o s a m id e 

( b )  Ox y c l o za n �d e 

( c )  C l ioxa n id e  

P H E N O T H I A Z I N E  A N D  XANT H O N E S  

( a ) Phe n o t h ia zin e 

( b )  Xa n t h o n e s  

B E N Z I M I DA ZO L E S  

( a ) Th ia be n d a zo l e 

( b ) Ca mb e n d a zo l e  

( c ) Me n b e n d a zo l e 

( d )  Fe n b e n d a zo l e 

( e )  Ox y b e n d a zo l e 

I M I DA ZO T H I A Z O L E  D E R I VA T I V E S  

( a ) Te t r a mis o l e  

CYC L I C  A M I  D I N E S  
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CHAPTER 2 MODE OF ACTION OF ANTHELMINTICS 

2 . 0  I N T RO D U C TO RY R E MA RKS 

Many thousands of anthe lmintics have been deve loped and tested at the 

clinical leve l  and although the chief advances have occurred only during 

the last two de cade s ,  a considerable body of information has accumulated 

conce rning the ir mode of action . In the present review , an attempt has 

been made to summarise most of the re levant material and the plan has 

been adopted by which the anthe lminti cs are de alt with by grouping . 

The arrangement is largely on the basis of chemical simi laritie s ,  

although in some cases (such as the naturally occurring alkaloids) it is 

based on a simi larity of biological acti ons .  Again with the e xception of 

natural compounds , the groups are dealt with in order of increasing 

complexity in chemical strucutre (see index previous page ) beginning with 

me tals and other ions and concluding with complex multi-r ing structQres 

as the benzimidazoles and imidazothiazoles.  

The topic is receiving increasing attention in the literature and there 

are numbe rs of excellent modern reviews (Brown , 1961� Mansour ,  1964� 

Kee ling , 1968� L�rnrnler ,  19 68� Gibson , 1969� Sanderson , 19 70� Mc Farland , 

197 2 �  Sanderson , 19 7 3 �  Pappas and Read , 19 75 � Taylor , 1975 � Campbe l l , 

19 7 7 )  • 

2 . 1  N A T U RAL L Y  O C CU R R I N G  C Y C L I C  C O M P O U N D S  

Most o f  the compounds in th is group are ancient remedies and are 

therapeutical ly, now vi rtually obsole te . Many of them, howeve r ,  have clearly 

de fined biological actions and are of great inte rest from a theore tical 

viewpoint . Moreove r ,  in some instances the active moiety have been used 

as basis for the deve lopment of a new series of compounds . 

(a) Arecoline . Arecoline is a pyridine de rivative , the methy l  

este r of N-methyl guvacine . Although i t  is a cyclic compound the placement 

of i ts active groups and the inte r-atomic distances are reminiscent of 

acetylcholine (Wi lson and Gisvold , 196 2 )  and it shares this neurohormones 

8 



TABLE 2 . 1 .  

Re ferences 

Rebello et al . 
( 1928 a , b )  

Batham ( 1946) 

Baldwin and Moyl e  
( 194 7 )  

Baldwin ( 1948 ) 

Chance and Mansour 
( 1949 ) 

Duguid and 
Heathcoate , ( 1950) 

Forbes ( 1965 )  

Forbes ( 1965 )  

Barker e t  al (1 966) 

ARECOLINE,BIOLOGICAL EFFECTS ON VARIOUS HELMINTH PREPARATIONS 

Biological test system 

Ti ssue-ba th preparations 
of segments of T .  pi si formi s 
& Dipyli di um caninum 

Ti s sue-bath preparations 
of T. pisiformi s and 
T. byda ti gena 

Tissue-bath preparation s 
of an exposed strip of 
dorsal musculature from 
Ascari s 

Ti s sue-bath preparations 
of anterior and middle of 
Ascari s suum 

Tis sue-bath �reparations 
of Fasciola hepa ti ca 

Tis sue-bath preparation s 
portions of Moni ezia and 
segmen ts of T .  sag"j ri a ta 

Tis sue -bath preparation 
Scolex , neck , body-regions 
and exposed portions of 
T. hyda tigena , T. ovi s ,  
T. taeniaeformi s and T .  
pi si formi s 

Significant findings 

Arecoline proved a powerful depressant of the musculature of 
both tapeworms . 

-00-

Paralysed by low doses ( 6 . 4  x 10-6M) . High doses (6 . 3  x 10-3M) 
cause stimulant effect s imi lar to those c aused by acetylcholine 
and nicotine . 

A high concentration ( 6 . 4  x 10-3molar ) paralysed anterior 
portion . No e ffect on middle portion .  

Powerful depres sant of rythmical movements reversed by 
ampehetamine . Lower threshold of di lution 6 . 4  x 10-7• 

Arecoline proved the mos t  powerful of s ome 5 0  chemicals tes ted . 
Effects reversed by strychnine . 

Powerful depressant of a l l  species except T .  ovi s mimicked by 
nicotine and other n icotine like drugs . Effects reversed by 
strychnine but no other antagonists found . Exhibits tachyphylajs .. 
Lower threshold 10-5M .  

Schi s tosoma mansoni invitro Worms paralysed by very small doses of arecoline . 

-00- -00- mimicked by carbachol and acetylcholine (both nicotine-l ike 
drugs' . 

N . 



TABLE 2 . 2 .  

Re ferences 

Fe ldberg e t  al . 

( 1934)  

Fe ldberg and 

Vartianen ( 19 3 5 )  

Euler and Dome j 

( 1945 ) 

Batham ( 1946 ) 

Forbes ( 196 1 )  

Forbes ( 196 3 )  

Biological te st system 

Adrenal medulla of the cat 

Superior cervical 

gangl ion of ·the cat 

Nicti tating membrane and 

gastroCnemius. of cat 

Dog 

Colon of unanaes thetised 

dog 

Signi ficant findings 

Arecoline produces strong secretory action res istant to smal l 

doses of atropine . An action of the ' nicotine type' 

Ace tylcholine, arecoli ne and nicotine stimu late the ganglion 

cells in small doses and paralyse their responses in high doses . 

Arecolipe shown to pos s e s s  nicotinic ac tion 

I n j ections of arecoline produce purgation but no worm removal, 

anthe lmintic ac tion re lated to direct action on worm . 

Effec tive enema having powerful s timulant action on rectal 

mus c le . 

Blood-pre s sure, respiration Arecoline rapidly detoxicated i n  the live r .  Powerful mus carine 

gut-movements anaesthet­

ised dogs . 

l ike actions . Toxici ty re lated to route of absorption . 
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biological actions , having both nicotini c and mus carinic actions (Table 

2 . 1 ) . It is an ancient remedy derived from the areca or be tel nut and 

at the pre sent time has a limited use as a taeniafuge in man and the dog . 

For hydatid control purposes in New Zealand , arecoline has an important 

role in diagnosi s , for examination of the faeces following arecoline 

purging is the sole means of determining infection . The pharmacological 

actions and e ffects of arecoline on helminth preparations and hos ts are 

recorded in Tables 2 . 1  and 2 . 2 .  In vi tro the drug i s  an e xtremely powe rful 

depressant of tapeworm movement and thi s  e ffect appears to be related to 

its ni cotine -like properties .  Other ni cotine like drugs , such as nicotine , 

carbachol and acetylcholine (afte r eserine )  also have a depressant e ffect 

on tapeworm , but purely muscarine-like subs tance s , like pilocarpine , are 

without action . The e ffect of arecoline i s  reve rs ible for when the 

bathing medium is re freshed the worms almost invariably resume rhythmi cal 

activity . The anthelmintic action of arecoline i s  achieved by powe rful 

nicotinic effect on worms coupled with its muscarine e f fect on hos t 

intestine s to increase gut movement and se cretion and produce purgation and 

so remove the narcotis ed worms (Batham , 1946) . 

1 1  

(b) Aspi di um ol eoresi n  (extract of male fern , fel i x  mas , fel i ci n  and 

phlorogl uconol compounds) .  Aspidium , oleoresin was formally the major drug 

for treatment of tapeworm infection and e radicates Taeni a sagi nata , 

T. sol i um, Diph yllobothri um l a t um in more than 80 per cent of patients 

(Meyers et al . 1976) . Howeve r i t  i s  now regarded as an absolete , s omewhat 

toxi c remedy for tapeworm infe ction in man (Standen , 1963 ; Keeling , 1968 )  

and the dog C,Li.nk, .1965 ) . Extract of fel i x  mas caused s timUlation followed 

by depre s sion of isolated segments of Dipyl i di um cani n um and T. serrata 

Rebello et al . 19 2 8 )  and an alcohol-s oluble fraction and an emulsion of 

the whole e xtract of fe li x  mas was employed in i n  vi tro ti s sue-bath expe riments 

in which the movement of Moni ezi a expansa were recorded kyrnographi cally . 

Large amounts (1:1000 and 1:5000) of both e xtracts caused an immedi ate 

large rise in tone followed rapidly by a fall with complete ces s ation of 

rhythmic movements . Lesser amounts ( 1:10 , 000 to 1:1000 , 000)  has les s  marked 

e ffects and lowes t  concentration to have any e ffect was about 1: 250 , 000 

(Duguid and Heathcote , 1950a) . 

/' 
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One active constituent is fi licin and othe rs are ph loroglucocinol 

compounds- including aspidium, flavaspidic acid and desaspadine and all 

are phenolic in character (Keeling, 1968 ) . 

12 

Three notable anticestodal compounds-niclosamide, dich lorophen and 

desapidine are respe ctively ch loro-nitro and me thoxy-substituted 

derivatives of phenol and have some structural simi larity to dinitro­

phenol ( DNP ) - a we l l-known uncouple r of aerobic oxidative phosphorylation 

in mammalian mi tochondria (Bueding, 1969 ) . Thei r  structural 

characte ristics prompted investigation into the i r  action on phosphory­

lation pathways and there is indi rect evidence suggesting that they may 

inte rfe re wi th tapeworm phosphorylation pathways ( Matti la and Takk i , 

1966 ; Strufe and �nnert, 196 7 ; Sanderson, 19 7 3 ) . More di re ct and 

de tai led studies on the e f fects of the anthelmintics on he lminth 

phosphorylation processes indi cated that Hymenolepi s di ndn uta has an 

e le ctron transport system like that of pig Ascari s : fumarate reduction 

unde r anae robic conditions being linked with reduced ni cotinamide 

adenine nucleotide ( NADH )  oxidation and phosphorylation ( Krnete c  and 

Bueding, 196 1 ) . 

Some classi cal uncoupleFs in aerobic tissues also inte rfe re with the 

process in both Ascari s and H .  di ndn uta , indicating that the he lminth 

phosphorylation processes are linked to e lectron transport-although 

the final e lectron-acceptor is fumarate rather than oxygen . 

Desaspidin ( i n  <;ommon with dichlorophen and niclosami de ) reduces the 

incorporation of 3 2p into ATP by intact H .  di ndn uta in vitro, at 

concentrations of from lO-4M to lO-6M and there is evidence that this 

inhibi tion occurs at the level of the mitochondrial 3 2Pl - ATP exchange 

reactions ( Scheibe l et a l. 1968 ; Sanderson , 19 7 3 ) . The three taeniacides 

inhibit the mitochondrial incorporation of 3 2p into ATP i n  pi g Ascaris 

mitochondria ( Saz and Lescure , 1968 ; Saz , 19 7 1a )  thus demonstrating the 

similari ty between ne matode and cestode mitochondrial systems . The 

re ason the drugs are not e ffe ctive against Ascaris in vivo may be 

accounted for by thei r  inability -to' permeate the intact ne matode 

( Sande rson , 19 7 3 )  , . 
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(c) Chenopodi um (ascari dol ) The oi l is an extract of the 

Ameri can wormseed Chenopodi um ambrosoi des containing 60 -80 per cent 

of the active principle , ascaridol which is a single ringed cyclic 

compound wi th no notable s tructural feature s . It is extremely i rritant 

to the skin and mucous membranes and produces marked gas trointe stinal 

and ne urological symptoms . Rico' (19 26) fi rs t demons trated a paralysant 

action on ante rior portion of pig As cari s  and Baldwin (1948) found that 
an emulsion of oi l o f  chenopodium (concentration 1 : 5000) paralysed in 

20- 30 minutes a tissue-bath preparation of A .  s ui s .  Duguid and 

He athcote (1950a) showed that the oi l has a s trong s timulant action 

on the mus culature o f  Moni ezi a  in all strengths down to l: 500 , 000 

Prolonged exposure to strong solutions resulted in de ath of the mus cle . 

Beyond the se studies , the mode of action does not appear to have been 

examined sys tematically - but the broad scope of biological actions . 

(affe cting , hos t ,  Ascari s and Moni ezi a )  suggest a non-speci fi c  

action probably re lated to i ts i rri tant propertie s . The structural 

formula reve als no features to suggest a chemical bas i s  for biological 

actions (de l Castillo , 1969 ) . 

(d) Kama la Kamala is a powde ry s ubs tance compri sing the hai rs 

and glands cove ri ng the fruits of Mal l o t us phil li pi nensis an oriental 

tree . 

It is s trongly i rri tant to the alimentary canal and is regarded as only 

parti ally e ffective , toxic and obsolete . A fi lte red saturate d solution 

has a paralysant e ffe ct on the rhythmi cal activi ty of tissue-bath 

preparations of Fas ci ol a  hepatica at a concentration 1 : 5000 and this 

e f fe ct was reve rsed by amphetamine (Chance and Mansour , 1949) . Its 

anthelminti c action may be re lated to its non-speci fic i rritant and 

purgative properties .  

1 3  

(e) Kaini c Aci d  (2-carboXy-3-carbox�9th yl -4-isopropen ylpyrrol i di ne) . 

Kaini c acid is the anthe lminti c principle from the dried red alga 

Di genear simplex (Me rck I nde x , 1959 ) . The structural formula was 

elucidated by Nitta et al . (1958) and the acid is reported to have ten 

times the anthe lmintic potency of s antonin and to be without side e f fe cts . 

The s te reoisome r ,  allokainic acid is only weakly anthelminti c ,  i f  at all 

(Standen , 196 3 ) . The ste reospeci fi ci ty points to a specific action on 
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receptor sites ln the nematode and as it has structural features 

reminiscent of those of arecolin� and arecaidine,pharmacodynami c 

s tudies with kainic acid might we l l  reveal some inte resting structure 

action re lationships , parti cularly as kainic acid is reported to 

acce le rate the motility of Ascaris in low doses and suppres s  the motility 

in high doses (Anon , 1968) . 

(f) Pel leti erine (Pomegranate) This ancient remedy has been 

used as a taeniafuge from the earliest hi storical times and its medical 

properties are alluded to in the Ebers papyrus of 1500 B . C .  In the 

crude form i t  comprises the rootbark of the pomegranate tree P uni ca 

grana t um .  Pe lle tierine tannate i s  a mixture of the tannate s of seve ral 

alkaloids from pomegranate and the e xtract and the tannates are regarded 

as somewhat toxic are now obsolete . L-pel letierine has a s tructure 

close ly resembling that of coniine the poisonous alkaloid from hemlock . 

Coniine has wel l-de fined ni cotine -l ike properties in the ve rtebrate . 

14 

Both alkaloids resemble c losely the mode rn synthe tic pyridine anthe lmintic ,  

methyridine . Pe l le tierine sulphate caused s light stimulation followed 

by paralys is of tissue-bath preparations of T. serra ta (=T. pis i formis) 

and Dipyli di um (Rebe llo et al . 19 2 8b )  and the alkaloid has a paralys ant 

action on segments of Moni ezi a acting i n  di lutions as high as 2 . 5  x 10-6• 

Two other alkaloids of Puni ca granat um ,  methy l isope lletierine and 

pseuQo-pe l letierine sulphate proved somewhat we aker depressants (Duguid 

and Heathcote , 1950a) . The high degree of potency indicate s a spe ci fi c  

action o n  specialised receptors . 

Mode of action • .  Pe lletierine coniine and methyridine resembles 

acetylcholine in s tructure - at least to the e xtent that each contains 

an N-C-CH 2-CH2 configuration . The last 2-named subs tances are known to 

have nicotine-like prope rties and pel le tie rine possess an action 

on tapeworm identical to that of are coline . Moreove r ,  methyridine 

(Forbe s ,  unpublished) niGQt�ne i�sel� and aGe�yleho1ine (afte£ ese�ine ) 

all produce (Paasonen and Vartiainen 19 58 ; Forbes , 196 5 )  a depres s ant 

action on tapeworm and this e ffect of arecoline is regarded as the bas i s  

of i t s  anthe lmintic action . 

In view of the above evidence i t  appears reasonable to assume that 

pe l letieri ne exerts its e ffe ct by a paralysant action simi lar to that 

of acrecoline . 
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(g) Ni cotine Tobacco le aves have some action in expe lling tape-

worms and nicotine sulphate has been employed as a taeniacide ch ie fly in 

ruminants .  Combined with copper sulphate the salt has enjoyed consider­

able popul arity as a cheap partially effective remedy for nematodes in 

ruminants (Link , 1965 ) . 

The alkaloid is however , of paramount s igni ficance as the pharmacological 

tool for it was on the basis of its biological actions that Dale (19 14)  

proposed his classical expos ition on the nicotine-like actions of 

acetylcholine . Ni cotine alkaloid (1 : 2 00 , 000) caused a spastic 

contraction of pig Ascaris (Rico , 1926 . )  and at concentrations of 500�g/ml 

or highe r  it paralysed fragments of Ascaris with the cuticle intact , 

but i ts e f fect at concentrations of 0 . 1 �g to 1000 �g/ml on exposed 

preparations was to cause a strong increase in tone . This effect was 

exactly the same as that of acetylcholine at a concentration of 0 . 1  �g 

per ml (Baldwin and Moyle , 1949 ; Baldwin , 1943 ) . Stimulant e ffects 

were observed also by Norton and de Beer (195 7 )  and Natoff (1969)  who 

employed mus cle strips of Ascaris prepared so as to permit acces s  of 

water-soluble drugs to the muscle tissue (Michel son , 197 3 ) . Nicotine 

is a weak inhibitor of movements of Moni ezia expansa and has no e ffects 

at concentrations below about 50 �g per ml (Duguid and Heathcote , 1950a) . 

An intact preparation containing about 1 2  proglottides of Taenia 

taeni aeformi s was paralysed by nicotine base and chloride at 

concentrations of from 1 to 10 �/ml and a denervated preparation which 

lacked an intact tegument was paralysed by somewhat higher concentrations 

(Paasonen and Vartiainen , 1958 ) . Nicotine alkaloid stimulated the tone 

of T .  h yda ti gena and T .  taeni aeformi s  in somewhat low doses (2 . 5  �g/ml ) 

and in progress ively higher doses (5 - 300 �g/ml ) produced s timulation 

then paralysi s ,  and eventually comple te paralysi s .  Scole ces , neck,body 

portions and gravid segments were al l affected in much the same fashion 

but an exposed preparation consisting of one half of a body portion , 

wi th the tegument not intact was paralysed by doses as low as 2 . 5 �g/ml 

(Forbe s ,  1965 ) . Amongst the flukes , F .  hepa ti ca , appears quite 

susceptible to the paralysant actions of nicotine being affected by 

concentrations down to 5 �g/ml - an action reversed by amphetamine 

l Chance and Mansour , 1949 ) but paradoxically , nicotine was ine ffe ctive 

in concentrations of up to 1 x lO- 2M on the movement of intact 
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Schistosoma mansoni , even though the worms were quite susceptible to 

other nicotinic drugs such as arecoline ( 5  x 10-6M) and carbachol 

( 1  x 10-4M )  (Barker et al . 1966 ) . 

(h) Santonin 

Santonin, a terpene, is an essential vegetable oil extracted from the 

plant Artenisa ci na , the Levant wormseed, and other related specie s .  

It i s  an ancient remedy and has been used extensively for Ascaris in 

man (Wi lson and Schild, 1959 ) but it is only partially e ffective prone 

to toxi city and is now obsolete ( del Castillo, 1969) . The anthe'lmintic 

is virtually inactive against tissue-bath preparations of Moni ezia 

even in concentrations as high as 1 : 4000 ( Duguid and Heathcote, 1950a) . 

Concentrations as high as 0 . 1 per cent do not k i l l  Ascari s ( Lamson and 

Brown, 1936)  but, concentrations down to 1:100, 000 paralyse the anterior 

preparation of the worm but to inhibit the inte rmediate preparation the 

dose' must be increased ten-fold . This finding suggests that santonin 

exerts a paralysing effect on the nerve centres in the anterior part 

of the worm (Baldwin, 1943 ; de l Casti l lo, 1969 ; Goodwin, 1958) without 

much affecting the peripheral neuromusculature . 

Baldwin employed santonin as a prototype substance for a pioneering 

study of structure - action relations usi ng an in vi tro preparation of 

the anterior port�on of Ascari s .  

Taking santonin as a starting point Baldwin investigated the prospects 

of anthelmintic activity related to unsaturated ketones and by lactone s .  

Benzylidene ace·tone ( an aromatic ,ke tone ) may be derived from santonin 

and this compound and a series of re lated ketones were shown to possess 

signi fi cant e ffects on Ascari s and attempts were made to increase this 

by chemical manipulation of the molecule . Activity appeared to be 

mainly related to the ketonic group but despite numerous structural 

modifi cations no compoun� was found approach ing santonin in potency . 

(i ) Prote ol yti c Enz ymes 

Gastrointestinal helminths are able to withstand the action of digestive 

enzymes . Ascarids p roduce an antienzyme ' ascarase ' ,  which has anti­

trypsin and anti-pepsin activity, and protects the helminth from 

16 



2 . 1  17 

damage . Howeve r ,  although intestinal helminths are highly resistant to 

digestive enzymes they are susceptible to the lytic action of seve ral 

proteolytic enzymes synthesized by tropical plants . Pineapple j uice 

contains brome lin . Paypaya contains the enzyme papain . Ficin is 

derived from the tree Fi cus dil a ri a ,  wh ich acts on TriJpcephal us, Ascaris 

and hookworm . I t  is lab i le and must be freshly prepared be fore use 

( de l  Casti llo ,  1969 ) . 

2 . 2  

( a ) 

M E T A L S  A N D  O TH E R  I ON S  

An t i mo n y (Sb ) 

Antimony resembles arsenic both chemical ly and biologically and i t  has 

been used by the ancients both as a medi cine and cosmetic . Tartar emetic 

and antimony potassium tartrate were prepared in the sixteenth century 

and antimony compounds we re introduced as an alte rnative to arsenicals 

early in the present century . 

Despite the enormous expenditure on scienti fic e f fort antimonials can 

still be considered the most e ffective substances for the treatment of 

human schistosomi asis and tartar emetic whi ch was introduced in 1918 as 

a specific for the treatment of schistosomiasis (Standen , 196 3 )  remains 

a cheap and relatively effective remedy (L�mmle r ,  196 8 ) . Howeve r ,  the 

drugs must be given by repeated parenteral inj ections and side-e ffects 

commonly accompany their use - so that the therapy of schistosom i,a sis 

remains probably the most formidab le unsolved proglerns in helminth 

chemotherapy . 

Mode of action . As with arsenic , biological activity appears to reside 

chie fly with the trivalent form and pentavalent antimonials have no 

schistosomicidal activity in vi tro ( Lee and Chung , 19 3 5 )  nor do they 

reduce the rates of glycolysis or of phosphofructokinase activity ( Mansour 

and Bueding , 1954) . 

Initially , it was assumed that the anthelmintic action of trivalent 

antimonials mirrored that of arsenic ( ie) inactivation of SH enzymes 

( Findlay , 1950) . Howeve r ,  in contrast to arsenicals antimonials do 

not affect glucokinase of S .  mansoni ( Mansour and Bueding , 195 4 )  
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but do appear to reduce the utilization of carbohydrate by schistosomes 

(Bueding , 1950) probab ly by inte rfering with a single step in the 

glycolysis of the schistosome - the phosphorylation of fructose-6-

phosphate (F-6-P) by adenosine triphosphate (ATP) to fructose 1 ,  

6-diphosphate (FOP) - a reaction catalysed by phosphofructokinase 

(Bueding and Mansour , 1956 ) an enzyme inhibited in schistosomes from 

antimony treated rats (Bueding and Mansour , 195 7) F-6-P+ ATP---> 

FOP + ADP . 

Glycolysis is regarded as the maj or , i f  not the only source of ene rgy 

to worms and it appe ars that the schi stosomicidal actions result from 

inhibi tion of phosphofructokinase (Bueding and Swartzwe lde r ,  19 5 7 , 

Bueding, 195 9 )  Mammalian phosphofructokinase is much less sensitive to 

the inhibi tory e f fects of antimonia1s than the enzyme catalysing the 

same reaction in schistosomes (Saz and Bueding , 1966) . Huang , et a l. 

(196 2 )  identi fied glutami c pyruvic transaminase (GPT) and glutomic­

oxal-acetic transaminase (GOT) in S .  japoni cum and F .  hepatica 

(Conol ly and Downey ,  1968 )  and trivalent antimonials were inhibitory 

to both transaminases but not to those of mouse live r .  

(b) Arseni c (As) 

Arsenic was known as a therapeuti c agent to the ancient Greeks and 

Romans . It has been a classi cal poison and the history of folk lore of 

arsenic prompted intensive studies by the early pharmacologists (Harvey , 

1975) . Arsenious oxide (AS 203 ) was shown in 1893 to be e f fective for 

trypanosomiasis (but somewhat toxic )  and it was soon superseded by 

sodium arsani late (atoxy l ) . Eh1ich modi fied the structure by the 

addition o f  di ffe rent side-chains to the benzene-ring - firstly to 

produce dioxydiamido-arsenolbenzo1 (arsphenamine) and then 3 , 3-diamino-

4,4�dihydreX¥a�senobenzene�methylenesulfQX¥late sed�u� (neea�s�henamine) 

whose activities extend to trypanosomes ,  spi rochaets of re lapsing feve r ,  

syphi lis and spiri l losis o f  poultry . The advent o f  neoarsphenamine 

was long regarded as the greatest achievement in chemotherapy and i t  

remained the drug of choice for syphi lis unti l 1945 when it was replaced 

by the more active and less toxic penici llin . Arsenic compounds have 

found wide appli cation in therapy . They are important ectoparasiti cides 

tonics and growth promotants , but their value as anthe lmintics are in 

general , l imited by their narrow chemotherapeuti c  ratio and their 
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somewhat low degreeofe fficiacy . 

Lead arsenate is a cheap , e f fective remedy in ruminants for Moni ezi a and 

Heli ctometra (Th ysani ezi a )  and has some activity for Haemonchus contortus . 

Coppe r aceto-arsenite and copper methyl-arsenate and arsenates of lead , 

tin , zinc and copper and calcium h ave been used and taeniacides in 

various ruminants and poultry (Kee ling , 196 8) . The trivalent arsenoxide , 

melarsen - a triazine de rivate , was ,deve loped in 1938 by Friedheim, for 

the treatment of schistosomiasis , but it has now been supers'eded . 

(S lack and Nineham , 1968) . 

A series o f  arsenophenyl compounds have shown mi crofilari cidal action 

i n  vi tro Hawking (1940) and the most promising membe r ,  p-arsenobenzamide 

was prepared as a soluble thioglycollate and designated th iacetarsamide 

or c�rparso1ate sodium (Hawking 196 3 ) . It is e ffective against adults 

and mi crofi lariae of Di rofi l ari a i mmi tis (Link , 196 5 )  and Wuchereri a 

bancrofti (Hawking , 196 3 ) . Oichlorophenarsanine hydroch loride (USP) 

is another organi c arsenical e f fective against Di rofi l ari a and 

me larsonyl , a water solub le derivative of an organic compound of arsenic 

containing the melanine. nucle us , has been used for the tre atment of 

Wuchereri a and Onchocerca vol vul us (Rollo , 1975) . When radioactive 

sodium arsenite was inj ected into cotton rats infected with Li tomi soides 

a high concentration was found in the adult worms (Lawton et al . 1945 , 

cited by Hawking , 196 3 ) .  

Mode of actions �f Arsenical s .  Th e  most important organic arsenicals 

are de rivitives of benzine arsonic acid (C6H5AS:O (OH) 2 ) and the presence 

or absence of various substitutes on the benzene ring dete rmines not 

only the solubility of the drug but also i ts abi li ty to pene trate ce ll 

membranes both of parasi tic organisms and the host . Regardless of 

whether an arsenical is introduced into the body as trivalent or 

pentavalent form all the maj or toxic or chemotherapeuti c actions may be 

attributed to the trivalent species. 

The major e f fect on both host and parasite results from inh ibition of 

enzymes containing sulphydryl (SH )  groups and i t  appears the metal does 
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not combine signi ficantly with any other chemical group . The gene ral 

scheme of the reaction be tween an arsenoxide or arsenite and the SH 

of protein is as follows : 

o + 2HS = Pr --> R-A� - Pr 

R -b + H-O-H 

- Pr 

Where R is any group and Pr is prote in and inactivation of essential 

SH enzymes is regarded as the fi rst step in cel l  damage and pyr�vate 

oxidase and many other enzymes are susceptible . 

The se lectivity of organic arsenicals for parasite (particularly 

trypanosomes) rather than host , may arise from the following : 

20 

(a) arsenoxides may be able to penetrate into the parasite more re adi ly 

than into mammalian tissue ce lls . 

(b ) the SH enzymes o f  the susceptible parasite may be more sensitive or 

rate limiting than those of non-susceptible parasites or the host . 

Arsenic - sensitive tryp�somes have very simple metabolic schemes 

almost without shunts or converqent pathways , so that inhibition at 

a single point may prevent nearly all energy production or high energy 

phosphorylation . Moreove r ,  they have a high energy demand , and 

metabolism probably needs to proceed nearly at capacity . 

(c) mammalian tissue may oxidise the intrace llular arsenical to the 

inactive arsonic acid more readily than doe s the parasite . Some 

trypansomes are virtually devoid of aerobic metabolic systems and 

thus lack the n�cessary means of oxidising the trivalent form . 

The deve lopment of resistance appears to be re lated to a decrease in 

pe rmeability to the candidate arsenical , and does not necessarily extend 

to othe r arsenicals , but may even confe r resistance to a non-arsenicals. 

Moreove r ,  the arsenate ion is capable o f  uncoupling phosphorylation 

through the formation of unstable arsenate esters in l i e u  of certain 

phosphate esters th at one normally oxidised to high-ene rgy phosphate 

donors (Harvey , 1975 ) . 
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(c) Cadmi um 

Cadmi um carbonate , bromide and oxide and cadmium salts or aromati c  or 

aliphatic sulphoni c  acids are reported to have activity agains t various 

nematodes and ces todes ( Kee ling , 196 8 ) . Howeve r ,  cadmium s alts are 

somewhat toxic and do not appe ar to have become fi rmly established in 

the rapy_ 

Mode of action . The anthelmintic action is probably related to cadmium ' s  

abi lity to combine wi th SH group and thus inhibit sulphydryl enzyme s . 

(d) Copper 

Copper sulphate has long been employed as a cheap partially effe ctive 

remedy for abomasal nematodes and tapeworms infections in ruminants 

and its anthe lmintic action may depend on the pH of the environment 

for it appears that simple copper salts are only lethal to parasites 

in acid medium (Whitlock , cited by Link , 196 5 ) . Coppe r carbonate has 

taeniacidal actions ( Kee ling , 1968)  and the use o f  copper s alts of 

arseni c has been mentioned above . 

Mode of anthelmintic may be related to abi lity of the cupric ion 

( Cu++) to inhibit succinic dehydrogenase - an enzyme essential for 

energy metabolism in various helminths ( Chaper 5 ) . The succini c 

dehydrogenase of Ascaris appears more sensitive to inhibition than is 

the enzyme catalys ing the s ame process in the mo�usc Bi omphalania 

glabra ta ( Cheng unpublished , cited by Campbe ll , 19 7 7 ) . Moreove r , Cu++ 

wi ll retard the �ormal deve lopment of S .  mansoni in B .  glabrata 

when infe cted snai ls are exposed to 60 ppm of Cu ( as CuS04 ) for 20 hours . 

Campbe ll (19 7 7 )  considers that further s tudies on the chemotherapeuti c 

prope rties of copper should be carried out . 

(e) Fl uori des 

Sodium fluoride ( USP)  was wide ly employed in dry ground feed for the 

control of pig Ascari s in the u . S . The drug i s  also partially e ffective 

against Ascarops and Ph ysocephal us .  I t  has a narrow margin of safe ty and 

has been supe rseded by more modern' drugs . ( Link , 1965 ) . 
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Mode of action The principal pharmacologi cal activity of the fluoride 

ion consists of inhibition of ce llular enzyme s ,  de creased oxygen 

consumption and decreased lacti c acid production in muscles of the host 

and its anthelmintic action may be re lated to simi lar e ffects in the 

Worm (Hammond ,  196 5 ) . 

(f) Lead 

Apart from the arsenate and possibly d-n-butyllea'd acetate ( Kee ling , 

1968 )  lead has no role in helminth therapy . Any anthelmintic action 

probably results from i ts affinity for SH �roups (Hammond , 1965 ) . , 

(g) Ti n 

Various organic tin compounds have shown promise as taeniacide s ,  

particularly in poultry ( Keeling , 1968) and stannous oxide was claimed 

e ffective in urinary schistosomi asis ( Deschiens , 195 1 )  but no activity 

could be demonstrated against S .  mansoni in mice ( Standen , 196 3 ) . 

2 . 3  O R GA N OP H O S PH ORUS C O M P O U N D S  

Organic esters of phosphori c acid we re shown in 19 37 to b e  powe rful 

inhibitors of cholinesterase . They were initially deve loped as 

insecti cides and late r as high ly toxic nerve gases for potential use 

2 2  

in war fare. Since the demise of the organoch lorines they have be come 

paramount against arthropods both in agriculture and animal husbandry 

( S lack and Nineham , 1968) and they have a small therapeutic role in 

opthalmology and for myaesthe�i� gravis ( Crossland , 1970) but are 

important antheimintics and seve ral are in current veterinary use 

particularly for Strongyloide a ;  these include haloxon , tri chlorphon 

( metri fonate ) , di ch lorvos , vincofos , napthalophos and crufomate . 

Dich lorvos and vincofos have activity against both nematodes and cestodes 

( de l  Casti llo , 1969 ; Sanderson , 197 3 ; Mc Farland , 197 2 ) . Trich lorphon 

and dichlorvos have been used clini cally in man for nematodiasis 

( Mc Farland , 197 2 )  Trichlorphon ( metri fornate ) is regarded e ffe ctive for 

the treatment of human urinary schistosomiasis caused by S .  haema tobi um 

but lacks activity in animals and human sub j e cts infe cted with S .  manson i 

( re ferences in Bueding et a l . 19 7 2 ) . The margin of safety , may howeve r ,  

be too narrow for the widescale adoption of opts for human therapy . 
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Mode of action appears to be related chie fly to inhibition of he lminth 

cholineste rase and to varying sensitivities of enzymes between host 

and parasite . The topic is discussed in detai l in Chapte r 4 where 

experimental findi ngs are reported . The re is evidence , however ,  that 

glycogenic activity in F. hepa t i cs and .S .  manson i may be inhibite d  by 

eserine and that it has been suggested that the action of metri fonate 

( trich lorphon) may be re lated to inhibition of carbohydrate metabolism 

( Ehlich , 1966 ; Standen , 1971 ) . 

2 . 4 S I M P LE A L I P HA T I C  H A L O G E NA T E D  H Y D RO C A RB O N S  
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As a group these anthe lmintics may be regar ded as biologically somewhat 

nonspecifi c ,  in that they affect a range of tissues including both 

host and paras i te . They have a narrow margin of safety and in many ways 

resemble vapourous anaesthetics and in common with them they h ave a 

propensity for liver damage and sensitis ing the myocardium to 

catecholamine ( Link , 196 5 ) . 

(a) Carbon Dis ulph i de (CS2) .  This noxious substance has the 

s imple st chemical s tructure o f  the group and about the same acute toxicity 

as chloroform and produces general anae s thesia when inhaled .  It  i s  also 

strongly i rritant and has been used chiefly for removal of Gastroph i l us 

from the horse . It  also has action against Ascaris in the horse . Its 

mode o f  action i s  almost ce rtainly re lated to its general depressant 

e ffect on ne rvous tissue . 

(b) Carbon Tetrachlor i de (CC1 4) This hydrocarbon is a volatile 

colourless liquid and is very s imi lar chemically to ch loroform (CHC13 ) .  

I t  was introduced as an anaestheti c at the time of dis cove ry of 

ch loroform but was subsequently discarded because of toxi city . In 

192 1 ,  Hall introduced carbon tetrachloride for therapy a fter dis covering 

it almost 100 per cent e ffective for removing hookworm from dogs . It  

was unive rsally used until the dis covery of the le ss toxic 

te trach lore thylene , and later n-butylchloride (Link , 1965 ) . Its present 

day role is as an inexpensive , e ffe ctive , but somewhat toxic remedy 
. " 

for Fasciol a  in rUmlnants ( Lammler ,  1968 ;  Watkins , 1958 ; Kendall and 

Parfitt , 196 2 ) . Carbon tetrachloride passes through the stomach 

unchanged and i s  partially absorbed in the small intes tine . I t  is 

high ly lipophylic and large amounts of fat in the intestine increase 
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the absorptive capacity and toxi ci ty . Applied locally , CC14 is an 

irri tant and rubifacient and after oral ingestion produces a fee ling 

of warmth in the s tomach and s timulates peris talsis . I t  depresses 

the central nervous system, is directly toxi c to the heart and may 

cause cardiac ar�thmias and marked hypotension . I t  is sele ctively 

toxic to hepatic and renal ce lls and di srupts nume rous enzymes systems 

both of the biochemical and cytologi cal leve ls ( Swinyard , 1975 ) . 

Alexander ( 1969)  is of the view that the fas ciocidal action may result 

from liver damage rather than from a direct speci fic e ffect on the 

f luke i tsel f .  Howeve r ,  Duguid and Heathcote ( 1950a) found CC14 

caused s timulation then depress ion o f  tissue-bath preparations of 

Moni ezi a . Simi lar findings we re obtained with F .  hepa ti ca ( Chance 

and Mansour , 1949) . In  view of the chemicals wide spectrum of noxious 

actions , including central ne rvous depre ssion , general protosplasmic 

toxi city , irritation to tissue s  and known action on stimulation o f  

peristals i s , it appears probable that there are direct e ffe cts on the 

worms • 

(c) Tetrachloreth yl ene (C1 2C=CCL2) 
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This halogen.ated unsaturated hydrocarbon was introduced by Hall and 

Schi l linge r  ( 19 2 5 )  as a substitute for the more toxi c carbon tetrachloride . 

Tetrachlorethylene resemble CC14 in i ts physical prope rties but is only 

one fifth as soluble in wate r ,  but very soluble in fat and in the 

absence o f  fat in the inte stine , i t  not absorbed to any appre ciab le 

extent . This probably accounts for its re latively low toxicity . 

Te trach lorethylQne has long been regarded the standard tre atment for 

hookworm in man and it is considerab ly more e ffe ctive against Neca tor 

ameri can us than agai nst Ancyl os toma duodenal e . It also has appre ciable 

activity for the small inte stinal flukes , Heteroph yes heteroph yes and 

Metagonimus yokogawi and the large intestinal flukes Fasci olopsi s b uski , 

Echinos toma Spp . and Gas trodi s coi des honrinis . Although little appears 

to be absorbed ,  C12C = CC12 o ften causes central ne rvous e f fe cts simi lar 

to those of ch loroform. Adult hookworm removed from tre ated patients after 

purgation · are motile and it is assumed the worms are paralysed sufficently 

to release the ir attachment to the intestinal wall . Tetrachlorethylene 

was shown by Rag,ers ( 1944)  to have a s timulant e ffe ct on Nipponstrongyl us 

muri s, and there appe ars to be an exaggeration of normal movement 
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since it caused the parasi te t o  le ave the intes tinal mucosa ( Chance 

and Mansour , 1949 ; Gibson , 197 1 ) . Brown ( 1936)  found 100 pe r cent of 

worms we re ki lled by a 2 hour e xposure to the drug and Baldwin ( 194 3 )  

showed it about equipotent with carbonte trach loride i n  caus ing paralysis 

of both the ante rior and middle portions of Ascari s .  The drug h as 

s timulant and lethal e f fe cts on tis s ue -bath preparation and Fasci ol a . 

(Chance and Mansour , 1949 ) . 

In the absence o f  dire ct experimental evidence i t  has been sugge s ted 

that te trach loe thylene , the same as other halogensted hydrocarbons , 

acts by be coming dissolved in lipid deposits existing in the mus cle ce lls , 

particularly - the are a  of innervation proce sses ( Muelle r ,  1929) thus 

interfe ring with mus cle function ( de l  Cas ti llo , 1969) . 

(d) Hexachlore thane was introduced in 1928 as a remedy 

for F .  hepa ti ca but subsequently i t  h as proved to h ave toxi c e ffe cts 

and variable anthelminthic actions . 

(e) Difluorotetrachlorethane is a volatile liquid whi ch is 

probably a mi xture of 2 isomers , 1 , 1  and 1 , 2  di fluorote trachlore th ane . 

The mixture was introduced for Fasci ol a om ruminants but i ts margin and 

safe ty is insufficient and it has been dis carde d .  

(f) N - butyl -chlori de (CH3 (CH2) c Cl ) .  Kudicke and We ise ( 1926 )  

i n  an examination o f  a numbe r o f  halogenated derivatives o f  lowe r 

hydrocarbons found that the anthelmintic activities we re unive rsally 

re lated to the solubi lities of the compounds . In  gene ral the bromo we re 

more active than the ch loro analogues . Butyl chloride was found by 

Wrigh t  and Schaffe r ( 19 3 2 )  in the ir s tudy of chlorinated alkyl hydro­

carbons to be highly active against hookworms and as carids of dogs 

(Whi tney and Whi tney , 1954)  but the substance has found limited use in 

vete rinary practice . Its action i s  undoubtedly re lated to i ts lipid 

soluble and halogenated properties . 

2 . 5  S I N G LE R I N G E D  C A RB O C Y L I C  C O M P O U N D S  

Oxidation and other subs titutions i n  the benzene ring including 

methylation and halogenation and amalgamation of the carbocylic rings 

gives rise to many valuable therapeutants - phenols , resorcinols , 
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cresols , xy lenes , chlorocresols , bis -phenols , napthalene s  and so on . 

Howeve r ,  in gene ral the mode of anthelmintic action of such compounds 

does not appear to have been clearly de fined and many of them appear 

somewhat non-speci fic and affe ct a variety of organism . For e xample , 

hexach lorophene acts on fluke and tapeworm and is an e ffe ctive skin 

dis infe ctant Hexylresorcinol affe cts roundworms , tapeworms and flukes 

is used as an antisepti c and has previously been used as a urinary 

disinfe ctant . 

(a) Tol uene (methyl benzene) is the s imple s t  membe r and is 
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use ful against roundworms in dogs and cats and Ascaris and Gas trophi l us 

in the horse ( Link , 196 5 )  but i t  is not used in man , probably because 

it is somewhat irritant and toxi c .  

(b) Hexachloroparaxylene or Hetol of Hoe €: h s t  is an e xample 

o f  anthelmi ntic derived by chlorination of xylene ( dimethylbenzene ) .  

I t  is active against mature F .  hepa ti ca but not against the j uvenile 

forms . In high doses i t  has shown . activity against Di crocoeli um 

dendri ti cum (Lammler , 196 8 ) . However i n  Fasciola tre atment the margin 

of safe ty appears much lowe r than th at of carbon te trach loride ( Boray 

and Happich , 196 8)  and the drug may offer no advantage ove r the olde r  

remedy . He xach loroparazylene has in laboratory animals high activi ty 

and a favourable therapeuti c range agains t Opis thorchis fi line us and 

Clonorchi s (= Opi s thorchi s )  sinensi s .  In man , i t  showe d promi se o f  

being e f fe ctive against O .  fi lineus , C .  sinensis ( Lammle r ,  196 8 )  and 

O .  vi verrini (Harinasuta , et al . 1966 ) Howeve r re cently it is reported 

to have caused 'renal tubular damage , centri lobular ne crosis and sudden 

death in e xperimental animals and consequently it has been withdrawn 

from further clinical tri als ( Marsden and Schultz , 1969 ) . 

(c) Hexyl resorci nol is a dihydric phenol and an e xample of 

one of the fi rst phenolic compounds introduced into he lminth the rapy . 

In man i t  has a broad spe ctrum , including Ascari s ,  Tri ch uris , 

Ancylos toma , Neca tor , Enterobi us , Hymenolepsi s ,  Fasci olopsis and Taenia 

(Meyers , et al . 1968 ) . It  is only parti ally e ffe ctive agains t some of 

tllg wo� , l;n�t 0 0  thg !3'rO\IDQ/i of its koown §afe ty , broad spggt;nun. and 
low cos t i t  may we ll prove a useful drug for some time ye t .  I t  i s  ndt 



2 . 5  

us ed e xtensively in ve te rinary practice - poss ibly be cause of its 

irritant prope rties . Single oral therapeuti c doses remove d nearly 100 

pe r cent of Ascari s and 85 per cent of Ancylostama hookworms from dags 

( Link , 1965 ) . 

2 7 

The drug is poorly absorbed and re lative ly nontoxic .  The mucin secre te d  

b y  the inte stinal mucosa i s  believed t o  prote ct the intes tine from the 

caustic action of the phenol . 

Lamson and Ward ( 19 3 2 )  reported hexylresorc inol ki lled 100 per cent 

of experimental worms following a 2 months . exposure , thymol requi red 

30 minutes to produce the same e ffe ct . They were of the opinion that 

hexylre socinol acts primari ly on the nematode cuti cle s ince the worms 

that had been killed showed cuticular blistering . It  is also reported 

to change the pe rmeability of the body wall to phosphorus containing 

compounds wh ich escape from the worms and furthe rmore , to paralyse 

mus cle ( de l  Casti lla 1965 ) Baldwin ( 19 4 3 )  tes ted hexylresorcinol 

on ante rior and body portions of Ascari s and both portions in from 20-30 

minutes . I t  was . the most potent o f  some 12 anthe lmintics te s ted and 

from 2-5 times as active as thymol and B. napthol , which we re about 

equal in activi ty .  Moreover , Baldwin ( 19 4 3 )  found that the worms were 

���lQ�9 1Y p �81y9 Q 19fiW Q �Q�- � . � i t  ��nq CowlC b O t at 0 ' n  ha 

concluded that the primary s ite of action was not the cuti cle . Baldwin 

and Moyle ( 1949)  pe rfused body-preparations and As cari s by means of 

fine cannulae tied between the gut and the mus cle masses . In high 

conce ntrations ( 1 : 1000 ) hexy lresorcinol caused a very s trong contraction 

and arre s t  of rhymi cal movements of Mani ezi a and afte r 20 minutes 

exposure at concentrations o f  1 :10 , 000 the ce lls we re almost invariably 

ki lled . Lowe r co.ncentrations ( l : 1,000 , 000)  produced variable combinations 

of stimulant and depres s ant actions and the lowe r limi t  of activi ty was 

1 : 2 , 000 , 000 ( Duguid and He athcote , 1950a) . He xylresorcinol is a phenolic 

compound and as  such it might be expecte d  to affe ct oxidative 

phosphorylation (Sections 2 . 1 (b )  and 5 . 3 . 2  ( e )  

( d )  Di saphenal (2 , 6-di iada -4-ni traphenal ) .  A narrow spectrum 

anthe lmi ntic and the mode of action has been s tudied , parti cularly in the 

context of the phenoli c structure and consequent chemi cal re lation to 

dinitrophenol ( Sanderson , 197 3 ) . Pri chard ( 19 7 3 )  found that disophenol 

inhibits the fumarate reductase sys tem of thiabendazole sus ceptible and 

resis tant H .  cantartus . 



28 
2 . 6  

(e)  Ni troxyni l (4�yano-2-i odo-6 -ni trophenol ) Closely re semble s 

disophenol and is  a use ful fascioli cide especially for acute infe ctions . 

Corbe tt and Goose ( 19 7 1 )  showed that nitrc xynil stimul ate s oxyge n uptake 

by F. hepa ti ca in vitro and uncouple s oxidative phosphorylation in live r  

mitrochondri a .  The topi c is  dealt with more ful ly in Chapte r 5 section 3 . 3 . 

(f) Bi toscanate . Th is drug ( Jonit of Hoe _chst) is  a phenyliso-
effective 

thiocyanate whi ch proved Afor hookworm in man . It has a low margin o f  

sa fety and almost ce rtainly re lied o n  its phenolic structure for its 

modes of anthelmintic action (Mc Farland , 19 7 2 ) . 

2 . 6  H E T E RO C Y C L I C  C O M P O U ND S , B E P H E N I U M  A N D  T H EN I UM 

Compounds in th is group share chemical feature s of acetylcholine as we ll 

as its biologi cal acti ons . 

(a) Methyri dine is a pyridine de rivative with the distinction o f  

being about the first injectable drug e ffective against nematodes .  It  is  

wide ly distributed and acts against lungworm and abomasal dwe lling he lminths . 

It  has a narrow margin of s afety and cross-re acts with diethy lcarbamazine . 

I t  has a te rtiary nitrogen atom and shares CH2-CH 2-O configuration with 

ace tylcholine . Its pharmacologi cal actions are discussed more ful ly 

in Chapter 3 ( Tab le 3 . 1 ) . I t  is highly likely that it achieves its 

action by dis rupting nerve and muscle co-ordination of the helminth -

probably by s timulating ganglion like structures ( Coles , 19 74) . 

(b) Piperazine . This s imple cycl i c  compound has been the sub j e ct 

to cons i de rab le research with respect to its bas i c  mode of action . Aspects 

of i ts b iologi cal actions are summarized in Table 2 . 3 .  The drug produces 

a gradual reve rsib le paralys is and blocks the stimulatory e ffe cts of 

acetylcholine on Ascaris muscle . I t  i s  be lieved to activate inhibitory 

receptors ( de l  Cas ti llo , 1964d) and it causes flaccid paralysi s  which 

is antagonised by methyridine ( Fiakpui , 1967 ) . I ts basic mode of action 

appears to be re lated to activation of hyperpolari sing neuromus cular 

receptors ( de l  Casti llo , 1969 ) . It also has an inhibi tory e f fe ct on 

succinate formation but this appears secondary to paralys is . 

(c) Di ethylcarbamazine . Th is filaricidal drug is active against 

Wuchereri a bancrofti , Brugi a malayi , Loa loa o f  man ( Rol lo , 197 5 )  and 

Di rofi loria imnd ti s of the dog . Its pharmacology is  reviewed in 

Chapte r 3 ( Tab le 3 . 2 ) . There is no doubt that the drug possesses 
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Re fe rences 

Goodwin and Standen 
( 1954)  

Standen , ( 1955)  

Brown et a l . 
( 1956 ) 
Norton and de Beer 
( 1957 ) 

Bueding et al . 
( 1959 ) 

Miyagawa , ( 19 6 1 )  

Bueding ( 196 2 )  

Goodwin and Vaughan 
Williams , ( 196 3 )  

de l Casti llo e t  al . 
( 1964d) 

PIPERAZINE , B IOLOGI CAL ACTIONS ESPECIALLY IN RELATION TO MODE OF ANTHELMINTIC ACTION 

Signi fi cant findings 

Pi g Ascari s immersed in ringer containing piperazine citrate ( 1 :  500 or highe r) slow ly 
be came immobi lized in 6-18 hours . Worms we re not ki lled . Worms voided from tre ated patients 
recovered norma l activi ty in a few hours . 

Piperazine ci trate , adipate and phosphate are equally active i n  vi tro against Ascari s 
l umbri coi des from the pi g .  Narcosis occurs in 24 hours in worms exposed to drug di lutions 
of 1 : 200 - 1 : 560 and recove ry occurred in less than 3 hours , even i f  exposed to piperazine 
for 48 hours � 

so lu t ion 
Human Ascari s placed in a piperazineA be come paralysed ove r a long period . 

Onset of piperazine paralys is in intact Ascari s is re lated to drug concentration . 
Piperazine b lock s the stimulatory e ffects of acetylcholine on Ascari s muscle , but not 
e lectri cal stimulation and the anthe lmintic action probab ly results from a curare- like 
neuromuscular b lock . 

Piperazine reduced the production o f  succinate by A .  l umbricoi des . This e f fe ct was 
reversible . There was a close paral le lism be tween the concentrations of piperazine which 
paralysed the worm and those which inhibite d  the formation of s uccinate . 

Piperazine about lO- 2M lowe rs, histamine content of intact Ascari s in vitro. 

The lack of succinate production in Ascari s seems to be a re sult , rather than a cause , of  
the piperazine-induce d paralys is and results from lowere d ene rgy trans formation in the 
flaccid muscle . 

Coaxial stimulation in the region of the circU-rrpharange al ne rve ganglia caus ed inh ibition 
o f  both spontaneous and e lectri cally-s timulated contraction of the body of Ascari s .  
Piperazine shi fted the s trength-durati on curve of e le ctrical threshold " to the ri gh t  
implying ne rvous o n  neuromus cular b lock ade . 

The activation o f  the inhibitory re ceptors by the drug incre as e s  the permeability of the 
syncytial membrane to ch loride ions . 

IV 
W 



Re ferences 

Fiakpui ( 196 7 )  

de l Cas tillo ( 1969 ) 

Nato ff ( 1969 ) 

Sanderson , ( 1970 ) 

Signi fi cant findings 

Piperazine caused flaccid paralys is of the free-living nematode Caenorhabdi ti s bri ggsae 
which antagonised partially by methyridine and ace tylcholine . 

Contraction of s omatic mus cle ce lls of Ascari s is e licite d  by rhythmi c repetitive action 
potenti als which are nicotinic in origin and which occurs at frequencies of up to 12 per 
second . The ne rve cord has a modulatory role both excitatory (mediate d  by acetylcholine ) and 
inhibitory (possible mediated by gama-arninobutyri c acid) . Pipe razine ( 10-5 and 10- 3 w/v) 
increases re s ting potential of muscle ce lls from 30 mV to 45 mV and have a depolariz ing 
e f fect on the entire ce ll but the inhibitory e f fect appears to be re lated to activation o f  
hyperpolarizing neuromuscular receptors resulting i n  increase of permeability o f  the membrane 
to chloride ions . Piperazine reduces succinate formation in Ascari s tissue but this seems 
to re sult from lowe red ene rgy requirements in flaccid muscle . 

Piperazine conside rab ly weaker antagonist than atropine on the receptors responding to 
acetylcholine , dime thylphenypiperazium (DMPP) and pyridine - 2-aldoxine in Ascaris muscle . 

Review Neuromuscular System . �uses reversible paralys is , re sembles an inhibi tory transmitte r ,  
inhibits Ascaris cholinesterase and lowe rs histamine content o f  intact Ascari s .  

w 
o 
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nicotine -like prope rties and that i t s  actions are close ly as soci ated 

wi th i ts e f fe cts on ni cotine receptors in the he lminth parasite s .  

(d) Bepheni um and theni um are closely re late d  compounds both 

possessing the -N . CH2 . CH2 . O- configuration in common with ace tylcholine . 

Unlike methyri dine they are poorly absorbe d from the gut be cause they 

pos sess a quate rnary ni trogen atom . In the exposed ne uromus cular 

preparation of Ascari s these substances produce contracture and 

bephenium is five times more active than acetylcholine . This may be 

be cause the phenyl group attached to the ether oxygen atom al lows 

greater lipid solubi l i ty and an incre as e  in nicotine -like action 

(Broome , 196 2 )  . . It is like ly that the anthe lmintic actions of these 

substances are re lated to e ffects on he lminth ni cotine - l ike receptors . 

2 . 7  B I S P H E NO L S  

These substances consist o f  two sub s tituted phenolic rings conne cted 

through a methylene or othe r bridge . They almos t certainly owe their 

anthe lmintic activi ty to their ability to uncouple oxidative 

phosphosylation . 

(a) Hexachlorophene :  . This is a ch lorinated bisphenolic compound 

whi ch h as a broad spe ctrum o f  biological activity and a narrow margin 

o f  safe ty . I t  has had a limi te d  degree of use for immature Fa scioJa 

infe ctions . Being a phenol i t  might be expected to uncouple oxi dative 

phosphorylation and in thi s way to affect glucose uptake ( see Chapte r 

5 . 3 . 3 ) . 

(b) Di chlorophen . Anothe r chlorinated bisphenol , again e xh ibits 

a broad spe ctrum of biologi cal activity and h as h ad limited use as 

taeniacide in the dog and ruminants . I ts action almost ce rtainly 

arises from the phenoli c structmre . 

(c) 

(d) 

Bi thi onol . A ch lorinate d bisphenol separate d by a sulphur 

Bi thi onol s ulphoxi de . Another chlorinated bisphenol separated 

by a sulphoxide bri dge whi ch share s  the anthe lmintic spectrum w i t h  
bithionol and both subs tances are almost certainly active by the virtue 

o f  their phenoli c s tructures . 
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2 . 8 S A L I C Y LAN I L I D E S  

These subs tance s consist of two carbocylic rings conne cte d by a 

- CO-NH- group . They represent an important group of taeniacides and 

antitrematode drugs . In all instances at le ast one of the carboxylic 

rings h as a hydroxyl group attached and the salicyl.anil ides can 

there fore be des cribed as phenols . 

3 2  

(a) Ni chosanri de .  (N- (2-chloro-4-ni trophenyl } -5 -chlorosali cylami de) 

can be described as a ch lorinated ni trophenol . I t  h as an important role 

as a broad-spe ctrum taeni acide wi th a wide margin of safety and is use d  

e xtens ively in the dog , cat , ruminant , horse and man . Its mode o f  

action o f  anthe lmintic is fully reviewed in Chapter 5 . 3 . 3 .  

(b) Oxyclozani de (5-bromosali cyli c  aci d-L-bromani l i de) . This is 

an e xample o f  a salicylani lide with bromide s ubs tituents as we ll as 

chlorine . I t  is an e ffe ctive fascioli cide with a good margin o f  safe ty . 

Mode o f  action is almos t ce rtainly rel ated to i ts phenoli c  s tructure , 

whi ch is no doubt enh ance d  by h alogenation . 

(c) Cli oxani de (2-acetoxy-4-chloro-3 , 5-di i odobenzani l i de) . This 

was the fi rst salicylonide introduced for the treatment of 
°Fascioliasi 

It has iodine-ch lorine substi tuents but lacks the hydroxy phenoli c 

strucutre . Howeve r ,  following introduction i t  was shown that the compound 

must be hydrolysed within the body to be free phenolic derivative which 

carries the anthelmintic activity . This finding prove s that anthelmi ntic 

activity re sts .with the phenoli c s tructure . 

Nume rous other salicylanalide s  h ave been introduce d as fasciolicides . 

All h ave s imi lar properties with respe ct to spe ctrum , toxi city and mode 

o f  action . 

2 . 9  PH E N O T H I A Z I NE A N D  X A N TH O NE S 

Th e s e  s ub s t a n c e s a re g ro up e d  a s  b o th p o s s e s s  a 3 - r i n g e d 

s tructure with a hete rocyclic middle. rin� containin9 a sulph�r atom . 

With phenothia2in� the secohd atom in the middle ring is a nitrogen 

and with the xanthones ,  the se cond atom is a carbon . 
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(a) Phenothi a zine (t "tJi odiphenylamiIY2) is of great historic 

inte rest . The nucleus yie lds many important drugs - particularly in 

the nature o f  tranqui llisers . Phenothiazine enjoyed a premium posi tion 

as a broad spectrum anthelmintic ove r a pe riod of some 20 years prior 

to the advent of thiabendazole . Despite its extensive use , the mode 

of action has neve r been s ati s factori ly de fine d .  The drug concentrate s 

in worm paras i tes and in some way inhib its mus cular activity so that 

the worms are voided whi le still living . I t  apparently has a weak 

anticholineste rase activity and as its action is potentiated by 

organophosphorus compound and it is poss ib le that choline ste rase 

inhibi tion is the basis of i ts e f fectiveness (B roome , 196 2 ) . 

(b) xanthones . Lucanthone and hycanthone are examples of 

xanthones used for the treatment of human s chistosomiasis . The 

structure action re lationships of these substance s is reviewed by 
..  II • 

Gonne rt and Kol11ng ( 1962 )  and despite e xtensive studies the e xact mode 

o f  action o f  these substance s  h as not been de fine d .  

2 . 10 B E N Z I M I D A Z O LE S  

Thi abendazole , the firs t membe r o f  this series , was introduced in the 

3 3  

late 1950 ' s  and i ts advent he ralded a new e ra i n  anthe lminti c deve lopment . 

It  held the premier posi tion as a " b road spe ctrum anthe lmintic) 

parti cularly in ruminants, unti l the introduction of other drugs , notab ly 

te tramisole and pyrante l .  Wi thin the last few years the re has been a 

new surge o f  development wi th the introduction of several new 

benzimidazoles whi ch appear to pos sess unique prope rties particularly 

in their breadth of spectrum whi ch now extends through nematode s 

( including lungworm) trematodes and ces tode s . Aspe cts of pharmacology 

are summarie s in Table 2 . 4  

(a) Thi abendazole . This substance pos sesses the benzimidazole 

ring which has no remarkable features from a pharmacologi cal viewpoint . 

Aspects conce rning its mode o f  action are summarised in Table 2 � .  

As we ll as being a b road spectrum anthelmintic , the drug h as powe rful 

larvicidal properties ( S tanden , 196 3 )  and it is also ovi cidal . It i s  

a powe rful inhibitor o f  fumarate reductase ( Prichard , 1970 ) and 
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Re ferences 

Standen , ( 196 3 )  

Robinson e t  al , 
( 19E5)  

Prichard , ( 19 7 0 )  

Malkin and Comacho 
( 19 7 2 )  

Van den Boss che ( 1972)  

Pri chard ( 19 7 3 )  

Van den Bossche and 
De Nollin ( 19 7 3 )  

Colglazier e t  al . 
( 1975 ) 

Heath et al . 
( 1975 ) 

Rollo ( 19 75 )  

Romanowski e t  al . 
( 1975)  

THIA'BENDAZOLE AND BENZIMIDAZOLES 

Signi ficant findings 

Thiabendazole has larvicida,l prope rties in vi tro at di lutions of 10 -511g/ml . It  is 
also claimed th at the drug inhibits the production of eggs by the worms . 

Thiab endazole does not possess atropine-like , adre nergic b locking , or ganglionic blocking 
properties . 

Thiabendazole inhibited fumarate reductase in adult Haemonchus contortus and the enzyme 
probab ly functions in NADH . 

Thiabendazole and cambendazole inhib ite d  the fumarate reduct ase in sensitive strain of 
H .  con tortus , and cambendazole to a le sser degree , in a thiabendazole-resistance strain . 

Mebendazole was found to inhibit exogenous glucose uptake by Ascari s s uum . 

Thiabendazole 
but no e ffe ct 
of 2 x 10- 3M •  
thiabendazole 

inhibited the fumarate reductase� system of the susceptible strain of H .  con torus 
could be observed in the tolerant strain with a concentration of thiabendazole 

Cambendazole inhibi te d  the system in both s trains but le s s  susceptib le in 
tole rance s train . Mebe ndazole was not found to e ffe ct the fumarate reductase 

system in e ither s train . 

Glucose uptake by Ascaris suum was inhibited by mebenda zole . 

The experimentally produced cambendazole res is tance strain of H .  contortus was cross 
re sistant to thibe ndazole , mebe ndazole and oxybendazole but not to levamisole 

Oral adminis tration of mebendazole to a rate o f  1 g/kg fee d  ( approximate ly 50 mg/kg body 
weight/day) for 14 days ki lled mature and immature cysti eeri , of Tae n ia' pi s i formi s 
in rabbit . I t  has a lethal e ffect on larval cestode s .  

Extremely potent l arvi cidal activi ty 10 pg/ml . Ovi cidal 1 ppm . Antipyretic , analges ic and 
anti-inflamatory and fungicidal . 

Cambe ndazole inhibited fumarate reductas e 20-40% ( varying with drug concentration ) in the 
cambendazole-thiabendazole resistan t , s train o f  H .  contortus more than in the cambenda zole-

resis tance strain . It showed that cambendazole was a more potent inhibi tor than thiabe ndazole . 
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thiabendazole re sis tance strains helminth have ari sen unde r field 

conditions . 

(b) cambendazole is an example of benzimidazole wh ich has a 

carbamate function in pos ition 5 - in common with mebendazole , 

parbendazole and oxybendazole . On the bas is of its s tructure ( Van den 

Bos sche , 19 7 2 )  postulated that like mebendazole , it would inh ibit glucose 

uptake . The pharmacology of thi s  subs tance is dis cussed in full in 

Chapte r 5 ,  Se ction 5 . 6 

(c) Mebendazole . The ph armacology of this anthelminti c has been 

fully reviewed by Van den Bos s che , ( 19 7 2 )  and Van den Bos sche and De 

Nollin ( 19 7 3 ) . The drug has broad spectrum of activi ty e xtending from 

gut-dwe lling nematodes to lungworm and tapeworm . It is cons ide red to 

act by inte rfe rring wi th glucose uptake and thus dis rupting the worm' s 

carbohydrate metabolism and e�gy sources (Chapte r 5 . 3 . 1) . 

(d) Fenbendazole . Thi s s ubstance has been recently introduced and 

is apparently active against the his totrophic phases of Os tertagi a  in 

cattle . The substance appears to upset glucose absorption in A. s uum 

and also inte rfe res with the bre akdown of glycogen to glucose . I n  
a " 

addi tion the substance may haveA neurotoxi c e ffect ( Duve l l , 19 7 7 )  

(e) Oxybendazole . This substance has only j us t  been introduced 

and it possesses a remarkable spe ctrum being active against gut-dwe lling 

nematodes , lungworms , Fasci ola and ces tode s . I ts mode of action has 

been dis cussed by Campbe ll ( 19 7 7 )  who implied that although 

oxyhendazole possesses a carbamate function its mode of action may be 

re lated to inhibition of fumarate reductase . 

2 . 11 I M I D A Z O T H I A Z O L E  DE R I VA T I VE S  

(a) Te trami sole (2- 3 , 5 , 6 - tetrahydro-6 phenyl -imi dazo (2 , 1 -b 

thi azole) ) .  The dis cove ry of this potent b road spe ctrum anthe lmintic 

was reported in 1966 ( Thienpont et al . 1966 ) and i ts biological actions 

with re spect to pharmacologi cal e ffects on host and worms are 

s ummarised in Chapte r 3 ,  Table 3 . 4 .  The subs tance consi s ts of mixture 

of D and L-isome rs and subseque ntly it was shown that the anthe lmintic 

action re sides in the L-isome r .  It is in this form ( levamisole ) that 

3 5  
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the subs tance is now avai lable . 

It  was initially cons idered that the mode o f  action arose from the 

subs tanc� ability to inhibi t  fumarate reductas e (Van den Bos s che 

and Jans sen , 196 7 ) . Howe ve r ,  late r work has suggested that the drug 

may exe rt i ts anthe lmintic action by acting as a ganglion stimulant 

within helminths , thus inte rfe -ring with the normal motor activity . 

This finding i s  consistent with the e arlier reports of Forbes ( 19 7 2b )  

who showed that levamisole possesses dis tinct ni cotine-like properties 

in the dog . The present s tudies (Chapter 3) show that the drug 

possesses s imi lar prope rties in sheep . 

2 . 12 C Y C L I C  A M I  D I NE S  

Investigation o f  large numbers o f  cyclic amidines ( Mc Farland , 19 7 2 )  

led to the introduction o f  pyrante l and subsequently morante l .  The 

biological actions of these s ubs tances are reviewed in Chapte r 3 ,  Table 

3 . 3 .  It should be pointed out that pyrante l closely resemb les in 

chemical s tructure the s ubs tance thiazathienol , wh ich was the 

pre cursor of the imidazothiazole serie s and tetramisole and levamisole . 

pyrante l shares the biologi cal prope rties of te tramisole and i s  claimed 

to act as a neuromuscular blocking agent in helminths . In our view , 

pyrante l is a s imi lar substance to levamisole but is le ss readi ly 

absorbed and consequently i ts spectrum is limited to gut-dwe lling 

he lminths . The e ffects , when given intravenous ly in dog and sheep , 

exactly mirror those o f  tetramisole (Chapte r 3 ) . Morante l is the 

methy l e s te r  of pyrante l and i t  appears to be in all ways s imi lar to 

the parent compound ( Chapter 3 )  • 
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3 .  PHARMACODYNAMIC STUDIES RELATED TO ANTHELMINTIC 

ACTION AND THEIR EFFECTS. ON HOST CHOLINESTERASE . 

3 . 0 I N T RO D U C T O RY REMA RKS 

The term pharmacodynamics refers to the action of drugs on living 

organisms , where the object is to enhance or inhibit the subj ects 

39 

normal physiological mechanisms , in such a way as to alleviate symptoms 

or produce desirable effects . In the context of the use of anthelmintics , 

the pharmacodynamics i s  of most significance wi th respect to the toxicity 

and side-effects concurrent with drug use . Howeve r ,  there is a second 

connotation and this refers to interpretations of the basic actions of 

the drug which may be deduced from laboratory studies on vertebrates .  

It  must be borne in mind that most existing pharmacological knowledge 

arises from vertebrates studie s  - although the reverse situation some­

time s  applies in studies of fundamental mechanisms . For example , most 

of our bas ic knowledge of transmi ssion along nerve trunks arises from 

the use of, the giant. squid axon as an experiment model . The pre sent work 

i s  divided into two areas , the first concerned with the actions of 

methyridine , pyrante l ,  morantel , diethylcarbamazine , tetrami sole and 

levamisole in the dog and sheep ( 3 . 1 ) ; the second with the actions of 

eserine , pyrantel and levamisole on blood cholinesterase of sheep 

( 3 . 2 . )  . 

The work on pharmacological action of anthe lmintic s has been deve loped 

in con j unction wi th pharmacological teaching and a portion of the work , 
. . 

particularly re lated to the findings with the dog , has been previously 

published ( Forbes 19 71 , 1972a , b ) . The present study include s 

unpublished work undertaken with the chief supervi sor . The candidate 

undertook the original deve lopment of the neuromuscular preparation from 

the gastrocnemius of the sheep . 

3 . 1  'P H A RMAC OLOG I C A L  S TU D I E S  W I TH M E T H Y R I D I N E , 

D I E TH Y LC A RBAMA Z I N E , P Y RA N T E L ,  M O RA N T E L ,  T E T RAM I S O L E  

A N D  LEVAM I S O LE . 

A synopsis of the literature related to the various anthe lmintics are 



TABLE 3 . 1  

Re ferences 

Broome 

( 1961 )  

Broome 

( 196 2 )  

Fiakpui 

( 1967 ) 

Sande rson 

( 1969 ) 

Mc Farland 

( 19 7 2 ) 

de l Cas ti llo 

( 19 6 9 )  

Coles 

( 19 7 4 )  

METHYRIDINE. BIOLOGICAL ACTIONS ESPECIALLY IN RE LATION TO MODE OF ANTHELMINTIC ACTION 

Preparations us ed and signi fi cant findings 

In vi tro e xpe riments with intact nematodes (Os tertagia , Nema tospi roides dubi us , Heterakis spumosa , 

Nippos trongyl us muris and Ascaris) methyridine pene trates cuti cle and produces "irreversible " 

paralysis ,  probably due to neuromus cular blockade o f  the de camethonium type . Drug wide ly dis tribute d 

and distribution re late d to pH and the bas � c  prope rties of the drug . Paralysing doses h ave no 

influence on oxygen uptake . 

Methyridine and ace ty lcholine produce contracture o f  exposed Ascaris mus c le but the e ffe ct of 

methyridine is not reve rsible . Both me thyridine ' s  and acetylcholine ' s  e ffect are blockaded by 

d-tubocurarine and pipe razine . Methyridine re garde d as a depolarising drug on both worms and hosts , 

but the worms may be more sensi tive . 

Using the free - living nematode Caenorhabdi ti s briggsae , methyridine was shown to cause a contracted 

paralysis whi ch was not reve rsible and was antagonised by piperazine . 

At concentrations which paralyse Ni ppos trongyl us brasiliensis glucose uptake was not affecte d .  

Me thyridine a weak neuromus cular blocking agent and a we ak inhibitor of cholineste rase . 

Confirmed de came thonium type blocking action o f  methyridine . 

The prese nce of levami sole at the receptor s i tes blocks the action of methyridine and it appears 

the two subs tances may act at the same s i te . 

w . 



TABLE 3 . 2  

Re fe rences 

Gonzale z -Barranco 

et al . 
( 19 6 2 )  

Harned e t  al . 
( 1948)  

Thevathas an 
( 19 70 )  

Forbes 
( 19 72'a ) 

Abaitey 

Parratt 
( 19 76 )  

Abai tey 

Parratt 
( 19 7 7 )  

and 

and 

DIETHYLCARBAMI ZINE . BIOLOGICAL ACTIONS ESPECIALLY I N  RELATION TO MODE OF ANTHELMINTIC ACTION 

Preparations used and s i gni fi cant findings 

At l� g/ml incre ases moti l i ty of Onchocerca vol vulus mi crofi lari ae and adults but eve ntually 

paralyses the forme r .  

High the rapeutic ratio . . I ntravenous ly in  dogs, causes rise i n  blood pressure . 

Die thy lcarbamazine produce s an eos inophi lia i n  adrenalectomised - splenectomi s e d  rats . 

I n  the dog dose s  of diethyl carbamazine ci trate of 2 . 5  to 10 mg/KIng caused a pre cipi tous hype rte nsion 

and a sharp increase i n  rate and depth of re spiration . These e ffe cts are ide nti cal to those of 

low doses of nicotine and are anatogonised by hexame thonium .  The hypertensive e f fects we re 

sele ctive ly inhibited by phentolamine ( lmg/Kgm) . 

Drug has marked e ffe cts on sympathetic ganglia of anae s the li zed cats . 

Die thycarbamazine was e xami ned on gui ne a-pi g is olated i le um, rabb i t  duode num , ch i ck oe sophagus , rat 

portal ve i n  and pig coronary arte ry . The drug contracted all gut mus cles and i ts action was 

antagonised by hexame thonium and atropine . Die thy lcarbamazi ne posse sses nicotine -like prop e rti e s . 
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given in Tables 3 . 1 ,  3 . 2 ,  3 . 3  and 3 . 4 ,  respectively . 

3 . 1 . 1  

(a) 

I n t r o d u c t i o n 

Methyri dine . 

Anthelminti c aspects of the use of this drug have been reviewed in 

Chapter 2 and various biological actions are outlined in Table 3 . 1  

In bri e f ,  methyridine i s  a narrow spectrum anthelmintic wi th a low 

margin of safety . I t  i s  basic substance which ioni ses at body pH and 

i ts wide distribution in the body is related to the proportion of 

non-ionised species ( Broome , 196 2 ) . It has a low margin of safety and 

is known to cross -react wi th diethylcarbamazine , so that the two drugs 

given together have additive e f fects or one may potentiate the other , 

so that toxicity i s  exacerbated . Thi s  inter-re action sugges ts both 

substances act on the same receptor within the body . There are 

reports o f  pharmacodynamic studies with small laboratory animals ( Eyre , 

1970)  but no reports o f  s imil ar studies in large animals .  

(b) Di ethylcarbami zine (Table 3 . 2) .  

Anthelmintic use of this drug has been di scussed in Chapter 2 .  

Fol lowing its introduction in about 1945 , the drug has retained i ts 

pre-eminent role in the control of filariasis and must still be 

regarded as a most important therapeutant in tropical medicine . Aspects 

of i ts pharmacology are reviewed in Table 3 . 2 .  The early work o f  

Harned et al . ( 1948)  showed a very wide margin of safety and only very 

mild pharmacodynamic actions . Forbes ( 197 2a) reported the actions of 

diethylcarbamizine in dogs and showed that a somewhat high dose 

intravenously caused reactions typical of those of low doses of nicotine . 

These reactions were blocked by ganglion-blocking agents and hypertensive 

e ffects were selectively inhibited by the alpha adrenergic blocking 

agent , phentolamine . These findings fit exactly the assumption that 

die thylcarbamazine elicits i ts responses by affecting nicotine-like 

receptors within the body . 

(c) pyrantel and moran tel . 

Pyrantel was first introduced and given wide acceptance as a drench in 

ruminants . Toxicity problems associated with absorption by the lung 

appear to have caused the manufacturers to introduce the methyl 

derivative (Morante l )  in i ts place . In  e ssence , the two substance s 

4 2  



TABLE 3 . 3  

Re ferences 

Lynch and 

Nelson 
( 19 5 9 )  

Pfizer International 
( 196 7 )  

Aubrey e t  al . 
( 19 7 0 )  

Eyre 
( 19 7 0 )  

PYRANTEL . BIOLOGICAL ACTIONS ESPECIALLY IN RELATION TO MODE OF ANTHELMINTIC ACTION 

Preparations used and signi fi cant findings 

Screened in mice , 2- ( thenylthio-2 -imidazoline ) showed nematocidal acti vity .  I n  sheep , however ,  

shows little activity-decomposing by hydrolys is to 2-thenylthiol and 2-imidazoline . Methyl 

substituted for R results in incre ase in potency . 

1050 (bovine eryth
'
rocyte cholinesterase ) =  9 . 4  x 10

-5
M .  Local anaesthetic propertie s .  Amine end 

of the molecule considered analogous to the choline portion of acetylcholine and that anticholin­

esterase activi ty and re lated neuromuscular blocking , ganglion stimulant and spasmo genic results 

from compe titive action with acetylcholine . 

( 1) Rat phrenic-nerve di aphragm ( 2 )  chick semi-spinalis muscle ( 3 ) toad rectus-abdominus 

( 4 )  contraction o f  the soleus and tibilalis-anterior mus cles of the anae s theti sed cat . Pyrante l 

caused blockade of nerve stimulation greater than that of decamethonium deepened by physos-

tigmine and surmounted by te tanic s timulation . 

( 1 ) Guinea-pig i solated ileum ( 2 )  cat nictitating membrane ( 3 ) rat isol ated phrenic-diaphagm 

( 4 )  chick isolated biventor nerve muscle preparation ( 5 )  chi ck isolated semi spinali s  mus cle 

( 6 )  peroneal nerve digital extensor muscles , respiration and carotid blood pre s sure o f  the rabbi t .  

( 7 )  cholinesterase activi ty . 

Pyrantel c aused , - ( 1) sus tained contraction spontaneous spikes when washed from the bath 

blocked by hexamethonium and atropine ( 2 ) contraction and hypertens ion ( antagonised by hexa-

methonium) and trans ient dyspnoea ( 3 ) augmented di rect and indirect twitch response ( 10
-6 

-5 - 5  
and 1 0  molar) partial neuromuscular block ( 10 ) unaffected b y  tetanus , potas sium o r  eserine . 

-4 
. 

-6 -5 ' 
Molar EC/50 value is 1 . 2  x 10 ( 4 )  ( a )  incre ased twi tch re sponse ( 10 and 10 molar)  and reve rsal 

w . 



O ' Brien 
( 19 7 0 )  

Forbes 
( 19 7�) 

Forbes 
( 19 7 2 b )  

Mc Farland 
( 19 7 2 )  

of tubocurare (b)  revers ible neuromus cular block and contraction of the mus cle i ndi cative of 

depolari sation ( 5 )  contraction inhibited by tubocurari ne . Marked tachyphylaxi s .  ( 6 )  Immediate 

brie f  hypotension and apnoe a followed by a more sustained pres sure response anatagonised by 

hexamethonium ( 7 )  acetylcholine sterase of sheep erythrocytes p150=4- S . Butyrylcholinesterase of 

horse plasma pI SO=4 . 0 .  

Pyran tel has hal f the local anaesthetic activity of lignocaine in toad ne rve mus cle preparations . 

Depolari sing nerve block s imi lar to decamethonium . Myoc ardial depression and vasomotor collapse 

when given into the lungs . Oral LDSO is 17Smg/Kgm (mi ce )  170mg/Kgm ( rats ) . 

Pyrante l shows depolarising activi ty in the chick biventor cervicis muscle ( a  mixed mus cle 

containing both slow and twi tch fibre s )  but not in . toad rectus . S imi lar) but not identical to 

decamethonium . Ganglion s timulant when tes ted on the cat nictitating membrane . 

Anaesthetised dogs . Carotid blood pre ssure , respi ration and e lectrocardiogram . Pre cipitous 

hypotension and hyperpnoea completely anatagonised by hexamethonium . E . C . G .  showed marked 

tachycardia and bi zarre arythmias reminiscent of adrenalin e Actions are nicotine -like . 

Anaesthetised dogs . Trans ient drop in blood pressure fol lowed by pronounced hypertension toge ther 

with respiratory stimulation anatagonised by hexamethonium. Phentolamine mesylate nullifies 

hypertension but does not affect respiration . Actions are nicotine -like . 

Pyrantel pamoate very slowly absorbed so as to be e ffective against Enterobi us i n  the lowe r 
/N , 

bowel . S tructure action relations wi th the protocol substance Aryl-X"N,, ( CH
2

) n  revealed 2 

thienyl the most active aryl group and the te trahydropyrimidine ring system ( n� 3 )  as gene rally 

superior to the imidazoline sys tem (n=2) . 

w 
w 
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appear to have the same biological actions so that the information 

shown in Table 3 . 3  can be expected to apply also to mQrante1 .  

Pyrante1 i s  an excellent anthelmintic with the wide margin of safety 

provided i t  does not enter the lungs . I t  i s  widely used in human 

medicine particularly for Ascari s and hookworm . Pharmacological 

studies in small laboratory animals have been carried out by Aubry 

et al . ( 1970)  and Eyre ( 19 7 0 )  and O ' Brien ( 1970)  reported 

pharmacological studies carried out by the manufacturers ( Pfizer 

International ) .  Forbes ( 19 7 1 , 1972b) studie9 the e ffect of the drug 

in anaesthesitised dogs and reported that its e f fects almost exactly 

mirrored those of diethylcarbamazine and levamisole acting as 

nicotine- like drugs . 

(d) Tetramisol e (Table 3 . 4 ) 

Tetrami sole i s  a remarkable anthelmintic both in respect to its broad 

spectrum , ranging from gut nematodes to Angi ostrongylus in the brain 

and its wide di stribution in the body . Early clinical observations 

indicated that the drug has cholinergic properties (Theinpont 

1966 ; O ' Brien , 1966 ;, Forbes ,  1966 ; Camera and Bueding , 1966 ) and the 

e arly work of the Belgian school (Van den Bossche and Janssen , 1967 ) 

indicated that the drug may act by inhibiting helminth fumarate 

reductase . However , the latest work (Coles , 1974 ; Coles et al . 1974)  

indi cated that inhibition of carbohydrate metabolism may be only 

secondary to paralysi s  caused by tetramisole ' s  action on the worm ' s  

nervous system . The work of Forbes ( 19 7 2b )  using the anaesthetised 

dog , has clearly indicated the ganglion-stimulant or nicotine- like 

properties of the drug and its actions are essentially the same as 

those mentioned for the three previous anthelmintics . 

Levamisole i s  the L-isomer of tetramisole and as most of the 

anthelmintic activi ty re sides in this i somer , it  i s  now usual for 

tetramisole to be marketed in the form of levamisole . There are no 

previous reports of studies o f  the pharmacology of thi s  substance in 

sheep . 
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TABLE 3 . 4  

Re fe rences 

Thienpont , et al . 
( 1966 ) 

Wal ley ( 1966 ) 

Forsyth ( 1966 ) 

Kaenune ra and 
Budden ( 1966) 

Van den Bos sche and 
Jans sen ( 1967 ) 

Van den Bossche and 
Janssen ( 1969 ) 

Van de n Bossche 
et a l . ( 1969) 

Eyre ( 1970 ) 

SHOWING BIOLOGICAL ACTIONS OF TETRAMISOLE ESPECIALLY IN RELATION TO ITS MODE OF 
ANTHELMINTIC ACTION 

Preparations Used and Signi fi cant Findings 

Sheep - Active by mouth or by inje ction . Worms often alive when excre te d . Overdosage 
produce d trans ient s ide -e ffects including hype�oe a ,  salivation and lach rymation . 
Conce ntrations o f  10�g/ml quickly paralyse adults of several spe cies o f  nematode s 

Sheep - Ove rdosage in sheep caused salivation , muscle tremors , ne rvous i rri tation , lip­
licking and disturbance of gai t . 

. 
"'" 

Sheep - As for Walley ( 1966) . Symptoms regarded as reminiscent of organophosphorus poisoning . 

With rats , 
·
cats and dogs pharmacological expe riments showed small dose s caused pressor e ffect� 

in the dog but a depressor e f fect in the cat and rat . Larger doses depress ion in the cat . 
Repeated adminis tration caused tachyphylaxis . In  cattle and sheep te tramisole caused 
lachrymation , salivation , incre ased gut activity , chronic mus cular spasms . Cattle show spas tic. 
tail e re ction characte ri s tic of central nervous stimulatio� . 

Using homogenates of Ascaris incubated in anaerobic conditions DL- te tramisole was shown to 
be a potent inhibitor o f  fumarate reductase . Activity large ly re s ide s with the L-isomer . 

Homogenates of Ascaris s uum, Ascari di a gal l i , Toxocara cati , Di ctyoca u l us vi viparous , Taenia 
taeniaeformis , T. pi siformi s ,  Dipylidi um cani num , rat liver and pi geon b re as t mus cle we re 
s tudied . In nematodes , te trami sole reduced succinate , NAD and ATP leve ls and increased 
fumarate NADH2 and inorganic phosphate le ve ls . L-isomer the mo�t pote n t . Fumarate reductase 
inhibited stereospe ci fi cally in nematode s ,  succinate dehydrogenase una f fe cted in othe r 
organisms te ste d .  

Third s tage larvae of Haemonchus contortus can derive some energy from aerobic metabolism 
but unde r anae robic conditions they may mee t  some of their ene rgy requi rements by NADHH2 -
couple d  fumarate -succinate system which is te tramisole sensitive . 

( 1 )  Guinea-pig i solate d i leum , ( 2 )  cat n ict i tating membrane , ( 3 )  rat isolate d  phrenic-nerve 
diaphragm , ( 4 )  chick isolated bivente r ne rve -mus cle preparation , ( 5 )  chi ck is olated semi ­
spinalis muscle , ( 6 )  Pe rone al ne rve-digital extensor muscles , ( 7 )  re spi ration and carotid 
blood pressure of the rabbit ( 8 )  cholineste rase activi ty whole blood . 



Re fe rences 

Sanderson ( 1970 ) 

Denham ( 1970) 

Forbes ( l972b )  

Van Nue ten ( 19 7 2 )  

Van den Bos sche 
( 19 7 2 )  

PTeparations Used and Signi ficant Findings 

�'tramisole cause : ( 1 )  irregular spontaneous activity abolished b y  atropine , 
(2 ) s trong contraction of the membrane and a small brie f fall in b lood pre s sure followed 
� secondary rise , brie f hyperventi lation . Not blocked by hexamethonium . Diben�mine 
reve rsed the pressor response of te trami sole and partly inhibited acti on on nictita�ting 
DEmbrane . ( 3 )  te tramisole augmented twitch responses both indirectly and directly in small 
doses and caused parti al neuromus cular b lock in higher doses . (4)  increased twitch and 
�versed tubocurarine , higher doses caused blockade . ( 5 )  produced contraction inhibited 
� tubocurare 

'
( 6 )  enh anced neurotransmiss ion ( 7 )  te tramisole caused sharp transi tory fall 

in the pressure . Partially antagoni sed by atropine . 

!etramisole appears spe cifically to inhibit fumarate -succinate sys tem,  the laevo-isomer is the 
DOre potent . Tapeworm and mammalian succinate dehydrogenas:e are much le s s  sensitive to 
tetrami sole . 

YEtramisole exhibits a reve rsible paralys ing e ffect on exsheathed third stage larvae of 
OStertagea ci rcumcin�a and caused some inhibi tion of growth in culture . (b ) 
dorsal-nerve mus cle strip . Produces rapid sustained contraction followed by paralys is . Mimi cked 
br DMPP ( dimethylphenyl-piperazinium) . Laevo-isomer twi ce as active as the racemi c form and 
25 times more active than the dextro-isomer . Partially blocked by he xamethonium but irrevers iole . 

Anaethetised dogs - Levamisol caused pre ciptors pressor effect and re spiratory stimulation -
antagonised by hexame thonium. Hypertens ion antagonised or reversed by phenotolamine . E ffe cts 
attributable to sympathetic ganglion stimulation and adrenal discharge . Tetramis ole possesses 
nicotine -like properties in common with pyrantel , morante l ,  diethylcarb amazine and are coline . 

(a) I solated mammalian and avian tissues . Strips of rabbit duodenum , guinea pig i leum , rat 
stomach and vas deferens of rat and guine a pi g .  Guinea pig i leum and vas deferens stimulate d  
transmurally . Phrenic-nerve rat diaphragm and bivente r ce rvi cis muscle o f . chick . (b ) Ascari s 
do�sal ne rve -mus cle s trip and intact worms . L & DL tetramisole produces a reve rsible ganglion 
stimulating effe ct on mammalian tissue s , but are devoid of anti spasmodi c activity or anti­
choline rgi c or andrene rgi c block ing actions caused contraction of Ascari s mus cle and intact 
Ascari s partly inhibited by hexame thonium . 

Particles ( R2 ) containing succinoxidase were isolated from mus cle strips of Ascari s suum . 
1'etramisole shown to be a non-compe titive inhibitor of fumarate reductase as ineasured by the 
anaerobic oxidation o f  NADH in the pre sence o f  fumerate . Bo'th L and D tetrami soles inhibit 
the malate-induced - 3 2p incorporation into organic phosphate in mitochondria isolated from 
Ascaris muscl e .  

. 
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Re fe rences 

Cole s ( 19 74 )  

Coles e t  a l e 
( 19 7 4 )  

Wang and Saz 
( 19 7 4 )  

Rew and Saz 
( 19 7 7 )  

Preparations Use d  and Signi fi cant Findings 

Mecamy lamine and pempidene when injected into Ascari s block the contractions caused by 
injecte d levami sole supporting Van Neuten ' s  ( 19 7 2 )  suggestion that levamisole acts as 
a ganglion stimulant . The anthelmi ntic exhibits tachyphylaxis and its i n  vi tro 
paralysant acti on on Nippos trongyl us bra zi l i ensis is reve rsible . Inh ibition of fumurate 
reductase i s  unl ikely to play a part in anthe lminti c action 

Paralysis of Ascari s  by levami sole is reve rs ible ' and there is antagonism be tween 
levamis ole and pyrante l or methyridine , suggesting that all the drugs act at the 
s ame receptor s i te . 

, L-tretramisole at low concentrations ( 4 . 2  x lO- 7M) complete ly stops motility of adult 
Li tomosoi des cari ni; , Di petalonema vi teae and Brugi a pahangi wi thin 1 . 5  minute s 
of expos ure . 

Mi crofi lariae o f  Brugi a pahangi are immobilized by levamisole and i n  aerobic condi tions 
the re is de cre ased glucose uti lization and a shift towards homolactate fermentation . 
The metaboli c e f fects are probably se condary to paralysis . 



3 . 1 .  2 

3 . 1 . 2  M a t e r i al s  a n d  M e t h o d s  

Dogs o f  various ages , breeds and sex we re used . They were anaesthetised 

with pentobarbitone sodium or alternatively , anaesthesia was induced 

wi th thiamylal sodium and maintained by i�usion with chloralose . 

Sheep of various ages ranging from 20  - 4 0  kg were employed and 

anaesthesia was the same as for dogs . The use of chloralose favoured 

better reflex activity in the anaes thetised animals and maintained 

higher levels of blood-pressure . Howeve r ,  it should be pointed out 

that we have found the use of chloral or chloralose in associ ation 

with catecholamines ( or drugs which s timulate release of endogenous 

catecholamines such as nicotinic drugs) may be haz�ous . On occasions 

we have experienced sudden death in experimental animals , after 

inj ection of , for example , adrenaline . The syndrome is one of the 

sudden and complete cessation of cardiac output , with a fall in blood 

pressure to zero . These e f fects undoubtly result from ventricular 

fibrillation produced by the catecholamine acting on the myocardium 

sensitised by chloralose . Blood pressure was recorded from a mercury 

manometer connected to the carotid artery , respiration from a tambour 

connected with a T-shaped tracheal cannula ,  and gut movement from a 

water-filled balloon inserted in the duodenum 20  cm behind the pylorus . 

On occas ions electrocardiograph recordings were made in the conventional 

fashion . 

I n  addition , a neuromuscul ar preparation using the gastrocnemius 

muscle of the sheep was developed for research and teaching purposes and 

this is the first report of the use of the animal for these purposes . 

The skin from the region of the s ti fle to below the hock was re flected 

and the biceps femoris muscle dissected to reveal the sciatic nerve . 

�H' �1»�A4il n.�y. rrom t�. .o�.t�o nerve .u��ly1n9 th 9a. e��eftemiu. 
muscle was isolated for electri cal s timulation and close arterial 

inj ections were made by retrograde perfusion of a side branch of the 

femoral artery . The muscle tendon was attached by a s trong ligature 

to weights suspended by use of a pulley and recordings were made on a 

smoked drum from another ligature attached to a lever by means o f  a 

pulley system . Methyridine was used in the form o f  Promintic ( I . C . I ) 

and diethylcarbamazine citrate as a 40 per cent solution ( Boots Drug 
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3 . 1 . 2 

Company) , both prepared for inj ection i n  cattle . pyrantel ,  morantel 

and tetramisole were used as watery solutions of pure drugs . 

3 . 1 . 3  Re s u l t s  

( a )  Me t h y ri d i n e  

The e ffect o f  methyridine ( 10 mg/kg)  on the blood pressure , respiration , 

inte s tinal movements o f  a dog anaesthesiti sed with pentobarbitone 

sodium is shown in Fig 3 . 1 . I t  can be seen that there is a sharp , brie f  

fall in blood pressure followe d  by a precipitous secondary ri se and a 

gradual return to normal over a period of a few minutes . There is a 

temporary period of apnoea lasting a minute or so followed by a prolonged 
p 

period of hype�oea corresponding roughly to the period o f  hypertens iQn . 

There is also ini tially a sharp intestinal spasm lasting about the same 

period as the apnoea followed by increased intestinal movements . 

Admini stration of hexamethonium ( 1  mg/kg)  eliminated the hypotension , 
p 

the hype�oea and reduced the intestinal movements . The alpha-adrenergic 

blocking agent phentolamine ( l  mg/kg)  was given and thi s  reduced blood­

pressure sli ghtly . When methyridine was given after the blocking agent , 

the hypertensive and i ntestinal e f fects were abolished but the 

hypotensive e ffect and action to cause apnoea followed by hYPL-erpnoea 

remained more or less unchanged (Fig 3 . 2A) . 

For comparison , a small dose of ni cotine alkaloid ( 2 . 5 � g/kg) was given 

fol lowing a dose of phentolamine ( Fig 3 . 2B ) . I t  can be seen that the 

result almost exactly matches the e f fect of methyridi ne after 

phentolamine ( Fig 3 . 2 . A) Subsequently , atropine ( 0 . 1  mg/kg) was given 

and the procedure with methyridi ne and nicotine repeated . Following this 

treatment it was found that the small hypotensive phase was abolished 

but the e ffects on respiration were unaltered . 

(b) D i e t h y l c a rb a m a z i n e  

50 

The actions of this drug in the dog have. been publi shed previously ( Forbe s , 

1972a) . The responses are dose-re lated , doses o f  2 . 5  mg/kg produc�ng a 

modes t  rise in blood pressure and respiratory s timulation ( Fi g  3 . 3 . A) . 

Four times thi s  dose produced a precipitous biphasic hypertension and 

respiratory s timulation (Fig 3 . 3 . B ) . All these e ffects are blocked by 

hexamethonium and the hypertensive phase alone is abolished or sometimes 



3 . 1 , 3 . 2  

Fig 3 . 1  

Fig 3 . 2  
( A) 
( B )  

Showing the effects o f  methyridine ( lOmg/Kg ) on the blood­
pres sure ( upper tracing ) respiration ( middle tracing) and 
duodenal movements ( lower traci ng )  of a dog anaesthetised 
wi th pentobarbitone sodium . 

Dog and recording as for Fig 3 . 1 .  
Methyridine ( lOmg/kg) given after phentolamine ( lmg/kg) . 
Nicotine ( 2 . 5�g/kg) given after phentolamine ( lmg/kg) . 

5] 
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Fig 3 . 1  

Fig 3 . 2  
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Fig 3 . 3  

(1\) 
(B) 

Showing the e f fect of diethylcarbamazine on blood pressure 
( upper tracing)  and respiration ( lower tracing) of dog 
anaestheti sed wi th pentobarbitone sodium . 
Dose , 2 . 5mg/kg die thylcarbamazine . 
Dose , lOmg/kg diethylcarbamazine . 

5 :  
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Fig 3 . 4  

Fig 3 . 5  

Showing the e ffect of pyrantel ( 2mg/kg) on the blood pressure 
( upper tracing) and respiration ( lower tracing) of a sheep 
anaesthetised with chloralose . 

Showing the e ffect of morantel ( 2mg/kg) on the blood pressure 
( upper tracing) and respiration ( lower tracing) of a dog 
anaesthetised with chloralose . 

5�  
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reversed by prior admini stration of the alpha-adrenergic blocking 

agent , phentolamine (Forbes ,  19 7 2a) . In the sheep , the drug produces 

s imi lar e ffects except that the respiratory action i s  to cause 

apnoea , rather than stimulation . 

(c) p y ra n t e l  a n d  m o r a n  t e l  

Pharmacological actions o f  pyrantel i n  the dog have been reported 

previously ( Forbe s , 19�) . The drug gave exactly the s ame response 

as did diethylcarbamazine . The action was blocked by a hexamethonium 

and the hypertensive phase sub j e ct to blockade by phentol amine . 

In  the sheep anaesthetised wi th chloralose , the e f fects of 2 mg/kg 

pyrante l are demons trated in Fig 3 . 4 .  Thi s  dose proved fatal . I t  can 

be seen that there is a primary rise in blood pressure followed by a 

fall , a secondary rise and eventual complete loss o f  vascular tone . 

Respiration , rather than being stimulated , was depressed . 

The e ffect of mor�ntel ( 2  mg/kg) in a dog anaestheti sed with chloralose 

is shown in Fig 3 . 5 .  This information has . been published previously 

( Forbes , 1972b ) . The e ffects are the s ame as those of pyrante l .  There 

i s  a sharp fall in blood pressure followed by a ri se concurrent with 

respiratory stimulation . All these e ffects are blocked by hexamethonium 

and the hype�ensive phase i s  obli terated or reversed by the use of 

phentolamine . 

The e ffect of �rantel in the sheep has not been reported previous ly . 

The re sponse to a dose o f  2 mg/kg i s  shown in Fig 3 . 6 .  I t  can be seen 

that there is precipitous rise in blood pressure , then a secondary fall 

fol lowed by anether ri se and gradual falling away of pressure . As with 

pyrante l in the sheep , there is a period of apnoea fol lowing the 

inj ection and thi s  is in direct contrast to the findings in the dog . 

(d) Te t r a mi s o l e a nd l e va mi s o l e 

The e f fect of intravenous levamisole in the dog has been reported 

previously ( Forbes , 1970b ) . Inj e ction of the drug was fol lowed by brie f  

hypertensive stage then a precipitous hypertension whi ch was often 

biphasic in nature . The respiration was stimulated with the typical 
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Fig 3 . 6  Showing the e ffects of morantel ( 2mg/kg) on blood pressure 
( lower tracing) and respiration ( upper tracing) of a sheep 
anaesthetised with chloralose . 

Fig 3 . 7  ShOwing the e ffects of levami sole on the blood pressure 
( upper tracing )  and 
respiration ( lower tracing) of a sheep anaesthetised with 
chloralose . 

(A) A dose of Smg/kg levamisole . 
(B) As for (A) given 10 minutes after (A) . 
(e)  As for ( A )  given 5 minutes after (B) . 

Sf 
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Fig 3 . 7  
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nicotine-like response .  

Again shee� gave a dis tinct response with this anthelmintic . Low doses 

(in the order o f  0 . 5  mg/kg) gave a brief hypotension but as the dose 

was increased a secondary hypertensive s tage dominated the reaction . 

A typical response to 5 mg/kg is shown in Fig 3 . 7A .  Here there was a 

slight hypotension whi ch lasted some thirty seconds , followed by a 

precipitous hypertension . Again , as previously observed with nicotine ­

like drugs , in the sheep the administration was immediately followed by 

a period of apnoea .  

Tachyphylaxis ( the development o f  acute tolerance ) is a recognised 

feature of the action of tetramisole both in the vertebrate and the 

helminth parasite . Fig 3 . 7A , B  and C illustrates this phenomenon 

with levamisole as far as the nicotinic responses in the sheep are 

concerned . Fig 3 . 7A illustrated the typical results of a 5 mg dose 

and B ,  the same dose repeated 10 minutes later . I t  can be seen that 

there i s  a marked reduction in response over the 10 minute interval 

and an even further reduction when the dose is repeated again 5 minutes 

l ater at C .  This is a typical example of the tachyph y l atic response so 

characteristic of nicotine- like drugs . 

The sheep gastrocnemius preparation was used to e�amine the e f fect of 

the levamisole given by close arterial inj ection . The drug produced 

a temporary enhancement of the twi tch response followed by depression 

and again thi s is a typical nicotine-like e f fect . 

3 . 1 . 4  D i s c u s s i o n  

The pharmacodynamics o f  methyridine i n  the dog have not been reported 

previously . The fact that the reactions are obliterated by the prior 

administration of the ganglion blocking agent , hexamethonium , 

indicates that methyridine i s  exerting its e ffect on ganglia .  The use 

of the adrenergic blocking agent , phentolamine , has shown that the 

hypertensive phase results from endogenous catecholamine release . 

Thi s could be expected to be from sympathetic nerve endings following 

sympathetic ganglion s timulation and from the adrenal medull a ,  
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fol lowing stimulation of that organ . The reaction of methyridine 

after phentolamine , i s  almos t exactly mirrored by low doses of ni cotine , 

suggesting again , that the hypotens ion results from ganglion s timulation 

and it seems most likely that methyridine s timulates the parasympathetic 

ganglia wi thin the cardiac musculature . The same explanation would also 

be employed for the e f fects on respiration , where s timulation of 

parasympathetic ganglia within the lung might be expected to cause 

broncho-constriction and the short period of apnoea .  These contentions 

are further s upported by findings that both e ffects are blockaded by 

atropine . 

In relation to diethylcarbamazine , there i s  a slight hypotensive phase 

in lower doses , but at the high dose ( 10 mg/kg) the e ffects are purely 

hypertensive . In the tracing shown (Fig 3 . 3B)  the hypertensive phase 

is biphasi c .  The first peak undoubtedly results from sympathetic 

ganglion stimulation with consequent release of catacholamine from 

the postganglionic nerve endings to cause gene ralised vasoconstriction 

in the visceral region . The second peak almost ce rtainly arose from 

the release of catacholamine from the adrenal medulla and i ts subsequent 

di stribution by the circul ation causes further vasoconstri ction . 

In the dog , pyrante l ,  morante l and tetramisole all produced s imilar 

e f fects . Previous s tudies have shown that these undoubtedly resulted 

from the e ffects on nicotini c receptors . In the sheep the vascular 

e ffects are the same as those in the doq but the respiratory e f feots 
. , 

are dis tinctly diffe rent and in our e xpe ri ence the pattern o f  response 

to ni cotine- l ike drugs between the dog and sheep have been quite 

consistent . Almost invariably , nicotine-like drugs produce respiratory 

stimulation in the dog whereas almost invariably they produce apnoea 

in sheep . The reason for the failure to s timulate respiration i s  

unknown , but pre liminary experiments ( unpubli shed) indicate that 

apnoea may arise from paralysi s  of the respiratory mus cles . It:  i s  

interesting to note that nicotine-like drugs have been re commended as 

respiratory s timulants for use in overcoming respiratory depre ssion 

during anaes thesia . The recommendations have undoubtedly arise n from 
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experiments using animals other than the sheep . I t  is  obvious that 

the use of the drug for this purpose is contra-indi cated , certainly 

for sheep and possibly in other ruminants and herbivores as well . 

3 . 2  

3 . 2 . 1  

E F F E C T S  O F  ANTH E L M I N TH I C S  O N  S H E E P  B LO O D  

C H O L I NE S T E RAS E 

I n t r o d u c t i o n  

Some organic compounds used as anthelminti cs i n  livestock can cause 

toxi c symptoms in the host animal . Thi s e f fect , common in the case o f  

the organophosphates and extending to other agents such as insecticides , 

i s  thought to be largely due to the i nhibi tion of cholinesterase 

activity and consequent accumulation of acetylcholine . 

Although there is  a poor correlation between toxic reactions and 

inhibition o f  cholinesterases ( see section 3 . 2 . 1 .b�he loss in activi ty 

o f  blood cholines terase continues to be used as an index of anticholin­

esterase toxicity because of the ease of s ampling and measurement . 

The present work consists of a small investigation o f  the blood 

cholinesterase activities of three species , the e ffect of anticholin­

esterases including anthe lmintics on these in vi tro , and the time course 

of sheep erythrocyte (RBC) cholinesterase following administration o f  

anticholinesterases i n  vi v o  b y  inj ection o r  b y  oral drenching . 

(a ) Ch o l i n e s t e r a s e s  o f  ve r t e b ra t e  b l o o d  

The blood o f  vertebrates usually contains a t  least two enzymes capable 

of hydrolysing acetyl choline , both of which are sensi tive in some 

degree to cholinesterase inhibitors . However , there is considerable 

species variation in the relative amounts , sensitivities and substrate 

speci ficiti es of these enzymes , so that the expected response to any 

inhibitor depends on the species and conditions of assay . 

In most vertebrates ,  erythrocytes contain ' true ' acetylcholinesterase 

which hydrolyses acetylcholine and acetyl-B-methyl choline and plasma 

contains ' pseudo ' cholinesterase whi ch hydrolyses acetylcholine , 

benzoyl choline and butyrylcholine . ( See section 4 . 1  in the next chaper) 

However , exceptions to this general rule exist . Rabbit plasma shows 

high activity towards acetyl-S -methylcholine and low activity towards 
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either butyryl choline or benzoylcholine suggesting the presence 

of a greater amount of the true than pseudocholinesterase in rabbit 

plasma ( nabb and Whi tfi e ,I' d ,  1967 ) . Furthe rmore , rat plasma has both 

true and pseudocholineste rase (Nabb and Whi tfield 196 7 ) . Although 

63  

high rates of butyryl choline hydrolysi s  by mammalian true cholinesterases 

are ra re ( Davison , 195 3 ;  Koelle , 195 3 ;  Whittaker , 195 1 ) . chicken plasma 

( Mende l et a l . 194 3 ; Earl and Thompson , 195 2 )  avian plasma 

( Augus tinsson 197 1 )  and arthropod acetYlcholinesterases are also known 

which hydrolyse both acetyl-S-methylcholine and butyry!choline (Smal lman 

and Wol fe , 1956 ; Casida , 195 5 ) . 

Ruminants , the mos t  common re cipients of treatment by anticholin­

esterase anthelmintics , represent another special case in that they 

have little or not plasma pseudocholinesterase ( Mende l et al . 194 3 ;  

Gunte r ,  1946 ; Stowe 1955 ; Augustinsson , 195 7 ) . Sheep plasma contains 

no cholinesterase (Radeleff and Woodard , 1956 ; Lee and Hodsden , 196 3 ) , 

and 96% of the cholineste rase activity of whole blood of the bovine i s  

due to e rythroyyte cholinesterase ( Robbins e t  al . 195 8 ) , whi le bovine 

plasma is inactive toward choline esters (Augusti ns son , 1948 ) . 

Therefore , whole blood samples could be used for measurement of 

bovi ne red cell cholinesterase (Robbins et al . 1958) . 

(b) T o x i ci t y  a n d  b l o o d  ch o l i n es t e r a s e  l e v e l s  

Although the measurement of blood cholines terase activity is commonly 

carried out in order to assess the toxi city of drugs that inhibit 

cholineste rase ,  the re is poor correlation between the blood cholin­

este rase activity and the severity of the symptoms . 

In  livestock suspected of organophosphorus poisoning , it  is possible 

for animals to demonstrate seve re symptoms-while cholinesterase leve ls 

remain relatively high but , particularly in acute organophosphorous 

poi soning , post mortem lesions are never outstanding and neve'r 

path�omonic ;  i n  many cases the findings are entirely negative . 

( Jolly , 195 7 ; Radaleff and Woodard , 1957) . Smith ( 19 7 0 )  found no 

post mortem lesions in acutely poi soned ewes and lambs even though 
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the cholineste rase leve l  was inhibited by 72  per cent . 

I t  i s  general ly considered that whole blood cholinesterase levels 

of less than 50 per cent are c linically signi ficant ( Fleisher e t  al . 

195 5 ) . On the other hand , in the cat inhibi tion of up to 50  per 

cent of ace tylcholinesterase had no e ffect (Heath , 196 1 ) . The degree 

of enzyme inhibition produced by quinuronium in the rapeutic doses 

was 60  to 70 pe r  cent , whi ch was sufficient to produce acute 

ace tylcholinesterase poisoning (Hawkings and Mende l , 1947 ; 

Nachmahnsohn and Fe l d ,  1947) . Both Cox and Baker ( 1958)  and Haufe 

( 1965)  s tated that poisoning could only be s ai d  to occur when 

inactivation of e rythrocyte cholineste rase by more than 75 per cent 

of the normal was demons trated along with a his tory and typi cal 

symptoms of organophosphorus poisoning . Tr i a ls of organophos-

phorus compounds carried out on grazing sheep by Solly ( 19 7 1a) 

showed that , whi le no symptoms were apparent when cholinesterase 

levels were inhibited by 20 per cent , symptoms of organophosphorus 

poisoning developed after 4 days of grazing when the RBC 

choline s te rase was inhibited by 80 per cent , although none of the 

sheep die d .  

Toxicity symptoms depend on the time o f  e xposure a s  we l l  a s  the 

concentration of drug . In  humans , Kaye ( 1967)  state d that there we re 

no toxic symptoms when blood cholinesterase levels were lowe red 

to 0 . 2  ' pH units ' with gradual exposure to organophosphorus compounds , 

but the same' blood chloineste rase levels decre ased and toxi c symptoms 

appeared when subje cts were suddenly exposed to organophosphate . He 

also added that death can occur at 0 . 1  ' pH units ' of cholineste rase 

although people have been known to survive wi th much lower levels . 

The rapidity with wh ich toxic symptoms fol low exposure depends on 

whether the compound can inhibit acetylcholinesterase directly or 

whether the compound mus t first be trans formed in the body to 

an active form . Heath ( 19 6 1 )  stated that the degree of inhibi tion 

by organophosphates varies with route of administration and whether 

it is fat soluble or water soluble , ionized or non-ionized ; the 

64 



3 . 2 . 1  

nonioni zed and fat soluble drugs act more quickly than the ioni zed 

and wate r soluble drugs . 

The recovery o f  cholinesterase activity depends on the organo­

phosphate involved and may take up to three months . (Medical Panel , 

quoted by Steyn , 1966 ) . Recovery of blood cholineste rase activity 

a fter exposure of an animal to an organophosphate is s lowe r for RBC 

enzymes than plasma enzymes ( Solly , 1971b ) . In the di chlorvos­

poisoned dog , acetylcholineste rase took at least three weeks to return 

to pre-treatment levels and serum cholinesterase took from eight days 

to ove r  three weeks ( S now , 1971) . The rapid initial return of plasma 

cholinesterase might be due to the fact that the live r  is stimulated 

to incre ase its synthesis of cholines te rase in response to the 

lowered serum levels . Howeve r ,  RBC cholineste rase i s  firmly bound 

to the ce ll-membrane (Augustinsson , 1948 ; Ellman et al . 196 1 ;  Solly , 

197 1 )  there fore , the synthesis of new RBC enzyme i s  probably 

associated with the formation of new cells . 

3 . 2 . 2  

( a ) 

M a t e r i a l s  a n d  Me t h o d s  

S a mp l e  p r e p a r a t i o n  

The animals used i n  this s tudy were o f  mixed breed and sex.  

B lood samples were taken into heparinised vacutainers by venepuncture 

of the cephalic vein in the fore leg of the dog or j ugular vein of the 

horse and sheep . I n  experiments when anti cholinesterases were 

admini stered to sheep , samples were taken through an indwe lling 

polyethylene cannula in the j ugUlar vein and both sample s and cannula 

were heparinised immediate ly . B lood samples were chi lled in ice at 

once and separation o f  plasma and red cells by centri fugation at 
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3000 rpm for 10  minutes carried out without delay - always within 1 hour . 

Plasma was removed and kept in an ice bath before analysis of 

cholineste rase activi ty . The white blood cells were aspirated from 

the red cells with a polythene tube attached to a syringe , and 1 ml 

of the red cells were trans ferred to a graduated coni cal centri fuge 

tube with about 3 ml of normal saline . The tube was stoppered and 

centri fuged at 3000 rmp for 10 minutes , the saline solution was sucked 

out and fresh saline was added into the tube up to the 4 rnl mark . 



3 . 2 . 2  

The ce lls were suspended by gentle agitation with a small glass rod , 

and centri fuged as be fore . This process was repeated three times . 
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The sal ine from the final wash was removed and the cells were haemolysed 

by adding distil led water up to a total volume of 10 ml ( 10 per cent 

dilution o.f. red cell s ) . The haemolysate was allowed to s·tand for at least 

10 minutes before titration . 

(b) D e t e rmi n a t i o n o f  b l o o d  c h o l i n e s t e r a s e  

Several methods have been developed for the determination o f  blood 

cholinesterase enzyme s . The method of continuous titration of the acetic 

acid liberated from the acetylcholine during the hydrolysis by the enzyme 

was introduced by Stedman et al . ( 19 3 2 ) and modi fied by Glick ( 19 3 7 )  and 

other research workers . Automatic titration of the acid produced by the 

enzyme activity has been used by Jorgenson ( 1959) , and Nabb and Whitfield 

( 1967 ) devi sed an automated ' pH-stat ' method . The present method is 

based on the Nabb and Whitfield ( 1967 ) method , which does not use buffers 

or indicators and is rapid and simple to run . 

(c) R e a gen t s  a n d  appa r a t u s  

Acetylchol ine chloride , O . l lM ( 2 . 0  g im 100 ml water) 

Normal saline (9 g sodium chloride in 1 L water ) 

Sodium hydroxide , 0 . 01 H (by di lution of May and Bakers ' Volucon ' 

1 N sodium hydroxide ) . 

The choline sterase determinations were performed with apparatus cons isting 

of a Beckman Expqndomatic SS-2 pH me ter ; a 5 ml syringe-burette with a 

scale-expander ( 1  division equivalent to 0 . 005 ml ) and a microtitration 

assembly thermostated by circulating water . In order �0 get a �h0re�gh 

and even mixing or blood enzyme , substrate and titrant NaOH solution in 

the sample beake r ,  a magnetic stirrer was used during titration . The assay 

of the cholinesterase activi ty was carried out at pH 8 . 0  at 370C in a total 

volume of 5 . 0  ± 0 . 1  mI . 

(d) R 8 C a n d  wh o l  e - b l o o d  c h o l i n e s  t e r a s e  m e a  s u r emen t 

0 . 5  ml of the 10 per cent haemolysate or 10 per cent di lution of blood of 

dog , horse and sheep or 2 ml of sheep blood were pipetted into the 

titration vesse l .  Either eserine , levamisole or pyrantel of appropriate 
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concentration was added in a volume of 0 . 1  to 0 . 5  ml , followed by enough 

0 . 9  per cent sal ine solution to bring the total volume to 4 . 8 ml . 

Initially , 1 or 2 drops of 0 . 5  " NaOH solution were added as a pre liminary 

titration to bring the pH to almos t 8 . 0 ,  and O . OlN NaOH solution was 
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added from the burette syringe to maintain a pH of exactly 8 . 0 .  The total 

volume of NaOH added in the prel iminary titration was kept to approximately 

0 . 1  ml to avoid s igni ficant decrease in the enzyme concentration which 

can change the rate of reaction . After the instrument was stabi lized 

at pH 9 . 0 ,  0 . 1  ml of 0 . 11 M acetylcholine chloride solution was added 

to the solution from a microsyringe . The time was noted and 0 . 01 M 

NaOH solution was added to keep the needle of the pH meter at 8 . 0  � 0 . 01 .  

Burette syringe readings were recorded every 2 minutes for 10 minute s ;  a 

constant rate of reaction was obtained in the latter part of thi s  period . 

(e) P l a s ma ch o l i n e s t e r a s e  m e a s u r emen t 

0 . 5  ml of plasma was added to the reaction ve sse l  with saline to bring 

the total volume to 4 . 3  ml , and the pH was adj usted to exactly 8 . 0  by 

pre liminary ti tration as described for RBC . After the ins trument was 

stabilized , 0 . 6  ml of 0 . 11 M acetylcholine chloride solution was added 

into the mixture and titration carried out in the same way as for the 

RBC enzyme . 

Although the non-enzymatic hydrolysi s  of acetylcholine under the 

conditions of the assay was negligible , a small and reproducible acid­

generation by plasma and RBC from dog and horse ( not exceeding 0 . 05 

micromole s/ml/min)  was observed in the absence of substrate and was 

substracted from the catalysed rate s measured above . Thi s  e f fect was 

absent in samples of sheep blood even when 2 ml sample were used and no 

correction was necessary . 

Cholinesterase activities were calculated according to the equation : 

Micromoles of acetylcholine hydrolysed per minute per mi llilitre of 

plasma or red cells or whole blood . 

A x N x 1 , 000 

B x C 
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Where A is the ti trC'.tion volu�n€'. in ml of NaOH delivered by the syringe 

micro-burette ; � is the molarity of titran t ;  � is the time of ti tration 

in minute s ;  and C is the sample volume in mI . 

(f) Ma i n t e n .1 n e e  o f  s h e e p  fo r t h e  in vi ·' ')l'o s t u d  y. o f  

a n t i c h o l i n e s t e ra s e s  

0 . 3  ml of xyla zine hydrochloride ( 2  per cent w/v ' Rompun ' Bayer , Germany) 

was injected intramuscularly into a sheep for sedation . The side of the 

neck of the sheep was shaved and swabbed with alcohol . After inj ec tion 

of a subcutaneous local anaes thetic ( 2  per cent � ylocaine ) , the jugular 

vein of the sheep was punctured with a 1 0-gauge hypodermic needle through 

which a polythene tube of approximately 2 mm diameter ( Portex Ltd )  was 

introduced . A horizontal mattres s  suture was made over the catheter at 

the puncture site , and surgical adhes ive tape was appl ied around the 

catheter . The cathete r  was fixed to the skin immediately anterior to the 

puncture and caudal to ear , then led back along the dorsum and connected 

to an infusion pump . 

Heparini zed ( 1 5  I . U/ml ) s terile 0 . 9per cent saline was infused continuously 

at 1 cm3 hour to maintain catheter patency . Blood samples were wi thdrawn 

via a three-way tap at the infusion pump and the catheter was flushed wi th 

heparinised sal ine immediately after each withdrawal of blood . The sheep 

was kept in a metabolic crate and fed a maintenance diet of chaffed hay and 

concentrate s ,  with water ad l i bi tum .  

After the sheep was adapted to the se conditions for a few days , eserine 

salicylate ( 1  mg/kg) solution was inj ected subcutaneously into the flank 

of the sheep . Blood samples were taken through a three-way tap at the 

infusion pump be fore treatment and at 0 . 3 ,  0 . 5 ,  1 . 0 ,  24 and 48 hour-periods 

after injection . 

A few days after the eserine injec tion , the same sheep was drenched wi th 

levamisole solution (Ni lverm ; ICI New Zealand Ltd . )  at double the 

therapeutic dose ( 30 mg/kg ) . Blood samples were collected as be fore through 

three way taps at the infusion pump be fore treatment and at 0 . 3 ,  0 . 5 ,  1 . 0 ,  

1 . 5 ,  2 . 0 ,  3 . 0 ,  24 . 0 ,  48 . 0 ,  and 96 . 0  hours after drenching . 
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3 . 2 . 3  Re s u l t s  

( a ) R e d  c e l l a n d  pl a sma c h o l i n e s t e r a s e  a c t i v i t i e s  

The results obtained for the rate s of hydrolysis of acetylchol ine 

chloride by RBC , plasma and whole blood from dog , sheep and horse are 

presented in Table 3 . 5 

The cholinesterase activities of dog RBC ( l . 93� mole s/ml/min)  and 

dog plasma ( l . 91 �moles/ml/min) were simi lar . The cholinesterase 

activity of sheep whole blood ( 1 . 20 �moles/ml/min) was about half of the 

ac tivity of RBC ( 2 . 4 2  �moles/ml/min) and no enzyme act ivi ty was 

de tected in sheep plasma . 

However the enzyme activi ty from horse plasma ( 4 . 2 3 �mole s/ml/min )  

was about twice the activi ty o f  horse RBC ( 2 . 67 �moles/ml/min) . 

The horse had the highest cholinesterase activity both in RBC and plasma 

of the three species tes ted . 

(b) I n h i  b i  t i  o n  of c h o l  i n e s  t e r a  s e  in vi tro 

The percentage inhibition of sheep RBC cholinesterase and the 

concentrations of e serine , pyrantel and levami sole producing SO per cent 

inhibition ( I SO ) are presented in Table 3 . 6 .  The method for estimation 

of I S O  from the data is described in detai l in Chapter 4 .  

The values of I SO for eserine , pyrantel and levami sole were 2 . 17 x 10-7M ;  

2 . 4 1 x lO;M and L 41 x 10-SM respective ly . As i n  previous studies ,  

eserine was the most potent , inhibiting at approximate ly 100-fold lower 

concentrations than pyrantel or levamisole . The latter two inhibitors 

were found to be of s imi lar potency in inhibiting cholinesterase from 

the RBC of sheep . 

( (! ) In h i b i t i o n 0 f c h o i  i n e s t  e r a  s e i n  vivo 

'£he time course of whole blood chol inesterase activi ty following 

subcutaneous inj ection of eserine sal icylate into sheep are pre sented 

in Table 3 . 7 .  The whole blood cholinesterase activi ty was decreased to 

64 . 3  per cent as ear ly as 18 minutes after treatment and the maximum 

depression to 35 . 7  per cent was seen at 3 0  minutes and 1 hour . The 
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TABLE 3 . 5  

RATE O F  ACE TY LCH O L I NE HYDROLYS I S  BY B LOOD 

CHO L I N E STE RASE OF DOG , S H E E P  AND HORSE  

SPEC I E S SAMPLE � MOLE S/ML/M I N UTE 

RBC 1 .  9 3  + 0 . 10 5  -

DOG 
PLASMA 1 .  9 1  + 0 . 0 4 5  -

RBC 2 . 4 2 + 0 . 3 7 7  -

SHE E P  HHOLE 1 .  2 0  + 0 . 0 9 5  B LOOD -

PLASMA 0 . 0  

RBC 2 . 6 7 + 0 . 2 5 9  -

HORSE  

PLASMA 4 . 2 3 + 0 . 0 4 5  -

* Each fi gure repre sents the mean of 6 e xperiments 
followe d by = S . D .  except for sheep plasma in 
which on ly 3 determinations were made . 

7 0  
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TABLE 3 . 6  

EF FECT O F  I NH I B I TO R S  ON  THE HYDROLYS I S  O F  CHO L L N E STE RAS E  

F ROM RBC O F  S H E E P  

NAME MOLAR · % I NH I B I T I ON 
CONCENTRAT I ON 

1x 1 0- 7 2 3 . 0  

2x10- 7 45 . 8  

ES E R I N E  3x10- 7 6 8 . 8  

4x10- 7 7 9 . 0  

5x10- 7 9 1 . 8  

1x10- 5 19 . 4  

2x10- 5 3 9 . 9  
PYRANTE L 

3x10- 5 6 0 . 4  

4x10- 5 7 0 . 6  

5x10- 6 2 1 . 2  

1x10- 5 4 3 . 3  
LEVAM I SOLE 

2x10- 5 5 2 . 7  

4x10- 5 6 6 . 1  

* 
I 5 0 ( M )  

- 7 2 . 1 7 x 1 0  

- 7 - 7  ( 2 . 1 5 x1 0  - 2 .  9 4x10 ) 

- 5 2 . 41x10 

- 5 - 5 ( 1 . 9 4x10 - 2 .  7 5 x10 ) 

- 5 1 . 41x10 

- 5 - 5 ( 0 . 3 5x10 - 7 .  9 2 x10 ) 

* Eaeh fi gure repre sents the mean e€ 4 a MP  riiol1'len1ils. \:lsin� aeetlyleheJ:ine 
chloride by the automated "pH-S tat" me thod at 3 7  C .  

7 1  

Figures in parentheses show 95%  confidence limits for each I SO '  
The I S 

was calculated from a P robit trans formation o f  the % lnhibition 
to giv2 an approximately linear "dose-probit ·response line " which was 
fitted by the method of least squares .  



TABLE 3 . 7 

THE  E FF E CT O F  E S E R I NE SAL I CY LATE BY S UBCUTAN E OUS 

I N J E CT I ON ( lMG/KG ) ON WHO LE B LOOD CH O L I NE STE RASE 

ACT I V I TY I N  S HE E P  

T I ME A FTE R TREATME N T  CH O L l  NE  STE RASE ACT I V I TY 
* 

( HOUR ) ( %  O F  PRETREATME N T  VALUE ) 

0 . 3  6 4 . 3  

0 . 5  3 5 . 7 

1 . 0  3 5 . 7  

2 4 . 0  9 6 . 4  

4 8 . 0  9 6 . 4 

* Each figure represents the mean of 4 expe riments . 

7 2  
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TABLE 3 . 8  

THE E FFECT OF  LEVAM I SOLE BY MOUTH ( 3 0MG/KG ) t ON RBC 
CHOL I NE STE RASE ACT I V I TY I N  SHE E P  

T I ME AFTE R TREATME NT CHOL I  NE STE RASE 
* 

ACT I V I TY 

(HOUR )  (% OF  PRETREATMENT  VALUE ) 

0 . 3  1 0 0 . 0  

0 . 5  1 0 0 . 0  

1 . 0  9 3 . 1  

1 . 5  8 9 . 7  

2 . 0  8 9 . 7  

3 . 0  8 6 . 2  

2 4 . 0  9 3 . 1  

4 8 . 0  9 3 . 1  

9 6 . 0  9 3 . 1  

I 

t D o ub le t h e r ap e u t i c d o s e . 
* E a ch f i g u re r e p r e s e n t s t h e  me an o f  4 e xp e r i me n t s . 
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cholinesterase activi ty returned to pretreatement leve ls one day 

later . 

The effect or the levamisole drench on sheep RBC chol inesterase is 

shown in Table 3 . 8 

There was a very slight decrease in cholines terase ac tivity s tarting 

from one hour after treatment which was sti l l  apparent four days later . 

3 . 2 . 4 D i s c u s s i o n  

( a ) R e d  c e l l  a n d  p l a sm a  c ho l i n e s t e r a s e  a c t i vi t i e s  

Cholinesterases in many tissues appear to be present i n  large exces s  

of need and , even within a species and ti ssue type , much variation i n  

total activity is found . I t  is thus difficult to de fine the normal 

value of blood cholinesterases since wide variations exist between 

individuals in a normal group (Miche l , 1954 ) . Fancher et al . ( 19 7 1 )  

reported cons iderable daily variation i n  pre-treatment values of both 

RBC ace tylcholinesterase and plasma cholinesterase in dogs . Stedman 

et al . (1 932) stated that the cholinesterase activity of the serum 

from individual horses varies considerably . Thus , it is not surprising 

that the value s found for b lood cholinesterases in the present work 

on small numbers of animals differ from some reports in the literature . 

The cholines terase activi ty of RBC and plasma of dog found in the 
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present work is similar to that reported by Fleisher et al . ( 19 5 5 )  and 

Nabb and Whitfield ( 196 7 ) . However , the cholinesterase of the same 

species demonstrated by Haze lwood and Heath ( 1976 ) was higher . Thi s  

might b e  due t o  u s e  of a different method , uti lising di fferent incubation 

condi tions . The cholinesterase of RBC and plasma of dogs found here 

were more or less in agreement with the results of Myers and Mendel ,  

reviewed in the li terature by Wills ( 19 7 2 ) . 

It  has been reported that there is no cholinesterase activity or a very 

low activi ty in the plasma of sheep ( See sec tion 3 .Z · 1 ). This is 

confirmed i n  the pre sent work . The range of chol inesterase in horse 

plasma was reported by Stedman e t  a l . ( 19 3 2 )  ( after conversion to 

micromoles substrate hydrolysed per millilitre per minute ) as 3 . 48 -

6 . 75 . The resul t  obta ined in the present work was within their range 
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and agreed with the result ( 3 . 9  �moles/ml/min )  reported by Becker ( 1965 ) . 

The cholinesterase ac tivi ty of horse RBC was reported as 1 . 5  times 

greater than RBC of dog (Cal lahan and Kruchenberg , 196 7 ) , and was simi lar 

to the result of the present study . 

(b) I n h i b i  t i on o f  c h o l i n e s t e r a s e s  in vi tro . 

The I SO value for eserine salicylate ( 7 . 94 x 10-6M) obtained by Eyre 
-

( 1966 )  was greater than the re sult ( 2 . 17 x 10-7M) from the present study 

on the cholinesterase from RBC of sheep . However ,  Eyre ( 1970 ) later 

reported the I SO of eserine on cholinesterase of sheep RBC as 3 . 98 x 

10- 7M ,  which agrees better with the present result . . The values 

of ISO for e serine on the cholinesterase from homogenates of different 

worms tested in Chapter 4 ranged from 2 . 6 7  x 10- 7M to 7 . 84 x 10- 7M 

except in Asca ri s suum which was 4 . 56 x 10-6M .  The sens itivity of 

sheep RBC cholinesterase is thus very simi lar to those from homogenates 

of different worms , with the exception of Ascaris sui s .  The value of 

ISO  for pyrantel on the cholinesterase from RBC of sheep ( 2 . 4 1 x 10-5M) 

in the present study was found to agree with the result ( 3 . 16 x 10-5M) 

obtained for the same ti ssue by Eyre ( 19 70 ) . This i nhibitor is thus 

about five to twenty times more potent against sheep RBC cholinesterase 

than that of the worms tested in Chapter 4 ( ISO range 1 . 70 - 7 . 45 x 10-4M) . 

Levamisole was also a five to ten- fold more potent inhibitor of sheep 

RBC cholinesterase ( I SO 1 . 4 1  x 10- SM) than of different worms tested 

( ISO range 7 . 86 x 10-5 to 2 . 04  x 10-4M) except for Trichuri s  ovi s .  

( I SO 7 . 4 3  x 10-5 ) where i t  was only three times a s  potent . I t  would 

seem from this . comparison that the blood cholinesterase of the host 

animal in this case ( sheep ) is more susceptible to anticholinesterases 

than that of the ·parasi te s , when the drug is added to the tissue under 

eh� .amo condition • .  

(c) In h i b i t i o n o f  c h o l i n e s t e r a s e in vivo 

Cholinesterase ac tivity of blood from sheep was depressed as early as 

five minutes a f te r  the subcutaneous inj ection of eserine . Eyre ( 1 966 ) 
has investigated the effect of a subcutaneous injection of eserine on 

the whole blood cholinesterase activity in sheep . The pre sent study 

showed that 64 . 3  per cent of whole blood cholinesterase activity was 
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found e ighteen minutes after the subcutaneous inj ection of eserine 

into sheep . This generally agreed with the result ( 79 per cent after 

five minute s )  obtained by Eyre , ( 1966 ) . The cholinesterase activity 

was decreased to 35 . 7  per cent after hal f an hour and one hour of 

treatment . These results also agreed with those of Eyre ( 1966 ) which 

showed 37 per cent of residual chol ine sterase during this period . 

The choline s terase activity was found to return almost to its 

pre- treatment leve l (96 . 4  per cent) one day after the injection of 

eserine . This also agreed with Eyre ( 1966 ) who found 95 per cent to 

99 per cent at one day after eserine treatment . 

The cholinesterase ac tivi ty of RBC from sheep was not affected 

signi ficantly by a levamisole drench . The therapeutic dose of 

Ni lverm for sheep is 15 mg/kg live-weight and the LDSO is 80  mg/kg . 

However Walley ( 1966 b) in the United Kingdom has reported that one out 

of twenty sheep survived doses of 80 mg/kg . The dose used in this 

present experiment was double the recommended dose ( 30 mg/kg ) but 

is still small when compared to the toxic dose . I t  may be concluded 

that the concentration of drug to which the sheep blood is exposed 

by this route of administration i s  relative ly low . 
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4 .  H E LM I N T H  C H O L I N E S TE RA S E S  A N D  T H E  I N F L U E N C E  O F  

I N H I B I TO R S  A N D  A N T H E L M I N T I C S . 

4 . 0 I n t r o d u c t o r y  r e m a rk s 

The existence of an enzyme which would bring about the hydrolysis of 

ace tylcholine wi th ' flashlike suddenness ' was predicted by Dale in 

1914 some fi fteen years be fore he and Dudley we re able to show that 

acetylcholine is a normal constituent of animal tissue s . He made his 

prediction on the basis of the evane scent e ffect of acetylcholine 

when inj ected into an animal and wrote "in the blood at body temperature 

it seems not improbable that an e ste rase contribute s to the removal 

of the active ester from the ci rculation and restoration of the original 

condition of sensitivene s s "  ( S i lve r ,  1974) . Loewi and Navrati l ( 19 2 6b)  

provided experimental support for this view showing eserine prolonged 

the e ffects of ace tylcholine , but it was not unti l ( 19 3 2 )  that Stedman 

et al . prepared the first crude extract of cholineste rase from horse 

serum and three years later Stedman and Stedman ( 19 3 5 )  found the 

enzyme in cat brain . Since those days the acetylcholine/choline s te rase 

system has corne to be recognised as ubiqui tous throughout the animal 

kingdom and is now known to be of paramount significance in neuromus cular 

physiology , particularly in re lation to muscle activity . Anticholin­

este rases are substances which inhibit cholineste rase and in this way 

allow accumulation of endogenous acetylcholine by preserving it from 

enzymatic de struction . These substances are of enormous signifi cance 

because of their use as insecticides and anthe lmintics and because of 

their potential toxicity . 

There is  much evidence to show that many parasitic helminths require 

a functional neuromuscular system in order to maintain their pos itions 

in their habitats and that di sruption of this system will bring 

about dis lodgement and consequent death (de l  Casti llo , 196 4 ) . Many 

anthe lmintics act in this way - the be st known being the organophos­

phorus compounds ,  which inhibit helminth cholinesterase and so allow 

accumulation 0 f  ace tylcholine with consequent inte rference with normal 

neuromuscular activi ty . Many other substance s exhibit anticholineste rase 

properties including such as p-rosani line , chloral and the phenothiazines . 
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Chol inesterases di ffer between species and even at different sites 

within the same animal and this difference may apply parti cularly to 

enzyme ' s  susceptibi lity to inhibi tion . For example , Lee and Hodsden 

( 19 6 3 )  demons trated that the reaction of haloxon wi th sheep e rythrocyte 

cholinesterase is reversible whi le its reaction wi th Haemonchus con tort us 

enzyme is irreversible . Moreove r ,  in the case of napthalophos the I SO 

for the worm enzyme is more than 1000 times lowe r than for 

erythrocyte ace tylcholine sterase . In the present studies ,  homogenates 

o f  A .  suum (head and muscle ) Ascari dia gal l i , Tri churis ovi s ,  Echi nococcus 

granulosus. , Taeni a ovis and T .  hydati gena , and subce llular fractions of 

Moni ezia , T .  ovis and T .  hyda ti gena and dog-live r  whe re e xamined for 

cholineste rase activi ty and the enzymes characte rised wi th re spect to 

such as sub-ce llular distribution e ffects of Tri ton X-lOa , tempe rature 

and substrate concentration . In addition the e ffe cts of eserine and 

the anthelmintics levamisole , pyrante l ,  morante l ,  dichlorvos and 

vincofos examined and the molar concentrations causing 50 pe r cent 

e nzyme inhibition ( ISO ) we re determined .  There are no previous reports 

re lated to almost all of thi s  work . 

4 . 1  C H O L I N E S T E RA S E S  O F  VE RTE B RA T E S  

Cholineste rases are enzymes that catalyze the hydrolysis of acetyl­

choline and related este rs , and the avai lable evidence indicates that 

it is not a single enzyme but rather a fami ly . They can be further 

characterized as true cholineste rase and pseudocholinesterases (Mendal 

and Rudney , 194 3 ) , and can be classi fied in terms of tissue location , 

physiologi cal function and substrate specificity (Miche l ,  1954) . 

Ace tyl , true , speci fic , erythrocyte , group I ,  or ace tocholinesterase 

occurs in neurones , at the neuromuscular j unction , in e rythrocytes 

of many spe cie s , brain and othe r tissues , and in parasitic he lminths . 

I t s  known physiological role is to bring about hydrolys is of 

acetylcholine re leased in the proce ss of cholinergi c transmission . 

Butyryl , pseudo , nonspecific , plasma , or group I I  cholinesterase i s  

present in various types of glial o r  satellite ce lls of the central and 

pe ripheral nervous systems , also·  in plasma , live r  and other organs and 

tissues . I t  also occurs in parasitic helminths . I t ' s  phys iological 

role is not known . 

80  



4 . 1  

The distinction between ace tylcholine ste rase and butyrylcholine s terase 

is made practically on the pharmacologi cal e ffects of the anticholin­

e s terase agents and on substrate speci ficity . Acetylcholinesterase 

hydrolyses ace tylcholine at a gre ater ve locity or rate than any other 

choline es ter (Adams , 194 9 ) . It hydrolyses acetyl-B-methylcholine 

(methacholine ) ,  but not benzoylcholine (Koe lle and Gi lman , 1949 ) and 

is s e lective ly inhibite d  by low concentrations of seve ral bis-quaternary 

ammonium bases and by other inhibitors . By contrast ,  butytylcholine ­

s terase exhibits a maximal rate o f  ve locity of hydrolysis with butyryl­

choline as substrate (Adams and Whittake r ,  1949 ) . I t  hydrolyses 

benzoylcholine but not acetyl-B-methylcholine ( Koe lle and Gi lman , 1949)  

and i s  more sensitive than acetylcholines te rase to inhibition by 

seve ral organophosph ... _ �.ates such as diisopropylphosphorofluoride ( OFP ) 

mipafox , as well as some quaternary ammonium compounds . 

Acetylcholine s te rase i s  inhibited in the pre sence of high concentrations 

of ace tylcholine �nd the en zyme decomposes ace tylcholine at a highe r 

rate than butyrylcholine which is hydrolysed at a very low rate , or not 

at all (Augustinsson , 195 7 ) . Subsequent inve s tigat ions have shown that 

true cholinesterase of human erythrocytes ,  horse e rythocytes and pigeon 

brain (Adams , 1949 ; Mounter and Whittake r ,  195 0 ;  Whittake r ,  1949)  is 

most sensitive or active towards those choline and noncholine e sters 

whose structure approaches most closely that of ace tylcholine . 

Pse�deehe� 1 ne s �e £ase e Hh����s maH�mum ag��Qn �Q gy�y�y lghgl �nQ in de� , 

horse , cat , man , duck , squirre l , ferre t and pi geon (Myers , 195 3 ) . 

Butyry lcholine is hydrolysed more rapidly by the se rum enzyme than i s  

ace tylcholine ( S tedman et al . 19 3 2 ) . Horse serum hydrolyses both acetyl 

and buty r ylcholine , but the latter substrate is attacked more rapidly 

than the former .  This enzyme was clearly di fferent from the 1ive r­

e s terase from the pig and the cat , s ince the se are without action on 

e s te rs of choline ( S tedman e t  al . 19 3 2 ) . Horse serum , according to 

Mende l et al . ( 19 4 3 )  contains chie fly a non-specific choline s te rase . 

Human plasma , like .horse serum contains a non-specific choline ste rase 

( Bulbring and Chou , 1947) . Chicken serum hydrolysed both acetyl-B­

methylcholine and buty t ylcholine ( Earl and Thompson , 19 5 2 ) . True 

choline s te rase o f  chicken brain , in contrast to pseudocholine s te rase 
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of serum is inhibited by excess substrate (Mye rs , 195 3 ) . Some anomalies 

to this classification exist : chicken ' s  true and pseudcholinesterases 

exhibit maximum activity to propionylcholine rather than acetylcholine 

and buty r ylcholine . Certain true cholineste rases exhibited approximate ly 

equal activities to both acetylcholine and buty rylcholine . (Augustinsson , 

1949 ) . 

4 . 2  C H O L I N E S T E RA S E S  O F  I NV E RT E B RA T E S  - P A RT I C U LA RLY 

P A RA S I T I C  H E L M I N T H S  

Re lative ly little information is avai lable concerning cholinesterases 

of parasi tes , when compared with the ti ssue cholinesterases of 

di fferent species of vertebrate s .  The avai lable material is summarized 

in Table 4 . 1 . The presence of choline ste rase activities in cestodes , 

trematodes and nematodes was demonstrated by the e arly experiments 

of Bacq and Oury ( 19 3 7 )  Pennoit-DeCooman ( 1940 ) Artemov and Lure ( 1941)  

and Pennoit-DeCooman and van Grernbergen ( 1942 ) . However ,  the methods 

used by the se authors we re later critici zed as being insufficient to 

prove the presence or absence of a true acetylcholinesterase . Bueding 

( 19 5 2 )  first de finitely identi fied specific acetylcholinesterase in 

s .  mansoni and Asca ri s  muscle , us ing the manometric method of 

Nachmansohn and Rothenberg ( 1945) . He found the substrate acetylcholine 

was hydrolysed at a high rate , whereas buty rylcholine was resistant to 

hydrolysis . The optimum substrate concentration for the hydrolys is by 

a particulate suspension of S .  mansoni was 4 x lO-2M and enzyme activity 

of Ascari s muscle homogenate was about fi fteen times less than that of 

S .  mansoni homogenate . Later Schwabe ( 1959)  demonstrated choline s terase 

activi ty in scolece s and brood capsules of E. granulosus . The work of 

Chance and Mansour ( 195 3 )  and Sekardi and Ehrlich ( 196 2 )  s uggeste d  

82  

that F .  hepa ti ca possess acetylcholine s terase but no pseudocholine s te rase . 

However , Me linkhova ( 1970)  concluded that the fluke has both enzymes 

and the activi ty of the true e nzyme was about twice that of 

pseudocholine s terase . Me linkhova ( 1970)  also reported that T .  muri s 

displayed highe r activities o f  acetylcholines te rase and butyrylcholin­

este rases than did A .  suum ,  F . hepa t i ca and Gnathos toma spumsosa . However 

Krvavica et- a l . ( 19 6 7 )  and Krvavica et a l . ( 19 7 1 )  demonstrated both 
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4 . 1 .  A 

TABLE 4 . 1 . A CHOLINESTERASE ACTIVI TIES IN NEMATODES 

Order and family Species Stage Enzyme Activity Re ference 

Strongyloidea 

Strongylidae Oesophagosto- Adult Total ChE : . OOO80a Hart and Lee 
mum denta tum ( 1966 ) 

O .  col umb,...ianum Adult Tota l ChE . OO267a Hart and Lee 
( 1966)  

o .  venulosum Adult Total ChE . 0 14 06a Hart and Lee 
( 1966 ) 

Chabertia Adult Total ChE . OO 1 l8a Hart and Lee 
Ovina ( 1966)  

Ancylostomidae Bunos tomum Adult Total ChE . 0 300la Hart and Lee 
tri gonocephal um ( 1966)  

Trichostrongy l i- Haemonchus L3 AChE . OOO93a Lee and Hodsen 
dae contortus infective ( 196 3 )  

Adult AChE . OOOS9a 

Adult AChE . OOO6Sa Hart and Lee 
( 1966 ) 

Nippostrongyl uE AChE . OO lOSa Sanderson and 
brasi l i ensis Egg Ogilvie ( 197 1 )  

L3 AChE . OO26Sa Sanderson and 
Infective Ogilvie ( 1 9 7 1 )  

L 3 i n  AChE . OO473a Sanderson and 
lung Ogilvie ( 19 7 l )  

L3 AChE . OO848a Sanderson and 
moulting Ogilvie ( 19 7 l )  

L4 AChE . 0 126Sa Sanderson and 
Ogi lvie ( 197 l )  

LS AChE . 0 1 l 34a Sanderson and 
immature Ogi lvie ( 197 1 )  

Adult AChE . O lS9 3a Sander son ( 1969)  

(Mixed sex)  

Adult AChE . O lS80a Sanderson ( 1969)  
( female)  

Adult AChE . 01 7 30a Sanderson ( 1969 ) 
(male) 

Metastrongylidae Dictyoca ul us Adult Total ChE . 0 1629a Hart and Lee 
vi viparus ( 1 966 ) 

Adul t  Total ChE . OO963a Polyakov a 
( 1967 ) 
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Order & family Species Stage Enzyme Re ference 

Filaroidea Li tcroo.sloides Adult Total ChE . 04640b Bueding ( 19 5 2 )  
corinii 

Ascaroidea Ascari s l umb- Adult Total ChE . OO12 5b Bueding ( 195 2 )  
ricoides (suum) (muscle ) 

Adult Total ChE . OOO32a Hart and Lee 
( 1966 ) 

Adult Total ChE . 02616c Knowles and 
(muscle ) Cas ida ( 1966)  

Adult Total ChE . OOO40a Polyakova ( 1 967 ) 

Adult Total ChE . OOOO2c Me likhova ( 19 7 0 )  

Adult Total ChE . 09340c Hutchinson and 
(mixed sex) Probe rt ( 19 7 2 )  

Adult Total ChE . 02510c Hutchinson and 
( female)  Probert ( 1 9 7 2 )  

Adult Total ChE . 0 3200c Hutchinson and 
(male ) Probert ( 19 7 2 )  

Ascaridi a Adult Total ChE . OOO47a Polyakova .( 196 7 )  
gal l i  

Trichuroidea Trichuris Adult Total ChE . 00095c Me likhova ( 1970 ) 
muri s 

T .  ovi s Adult Total ChE . OOO70a Hart and Lee 
( 1966)  

TABLE 4 . 1  B CHOLINESTERASE ACTIVITIES IN CESTODES 

Order & fami ly Species Stage Enzyme Ac;tivity Re ference 

Pseudophyllidea Diphyl l obothri um Adult Total ChE . 0 1463b Pylkko ( 1956a) 
l a tum 

Taeniidae Taenia Adult Total ChE . OO290a Eranko et al 
taeniaeformi s ( 1968)  

T .  saginata Adult Total ChE . 0 1473b Pylkko ( 1956b) 

Echinococcus Scolex Total ChE 16 . 190b Schwabe et al 
granulosus and brood ( 1961 ) 

capsules 
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4 . 1 .  C 

TABLE 4 . 1  C CHOLINESTERASE ACTIVITIES IN TREMATODES 

Order 6< fami ly Species Stage Enzyme Activity Re ference 

Fasciolidae Fasci ol a Adult AChE . 00750a Chance and 
hepa t i ca Monsour ( 1 9 5 3 )  

Adult Total ChE . 00070c Me likhova ( 19 7 0 )  

Schistosomal i .. - Schistosoma Adult Total ChE . 01820b Bueding ( 1952 ) 
dae mansoni (male ) 

Adult Total ChE . 01840b Bueding ( 19 5 2 )  
( female ) 

Adult Total ChE . 01840b Bueding ( 19 5 2 )  
(mixed sex) 

Total ChE = Total choline sterase 

AChE Acetyl cholinesterase 

a u Moles Ach hydryolysed/mg wet weight/minute 

b u Moles Ach hydrolysed/mg dry weight/minute 

c u Moles Ach hydrolysed/mg protein/minute 
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biochemi cally and histochemi cally that acetylcholine sterase 

and nonspecific cholines terase are present in F .  hepa tica . In 196 3 , 

Lee and Hodsden demonstrated th at the cholinesterase activity in 

H. con tortus was inhibited by eserine and organophosphorus anthelmintics 

and the e ffect .of subs trate concentration and tempe rature in activi ty . 

The e f fe ct of pH on cholines terase activity of M .  expansa was s tudied 

by Winsborrow ( 19 7 1 ) . Cholinesterases of M. expansa and M. benedini 

by Polyakova ( 1966 ) of D .  l a t um by Pylkko ( 19S6 a , b )  of Asca ri s and 

A .  gal l i  by Palyakova ( 1966 ) . The acetylcholinesterase and 

buty rylcholinesterase activity of E .  granulosus scoleces and brood 

capsules have been determined by Schwabe ( 1959)  and of T .  taeniaeformi s 

by Eranko e t  al . ( 1968 ) . Haites e t  al . ( 19 7 2 )  showed that cholinester­

ase activity in F. hepatica and A .  suuw .  Gear and Fripp ( 19 7 4 )  

compared the ace tylcholinesterase kinetic values of S .  mansoni , 

S .  haemotobi um , S .  bovi s and S .  ma t theei . 

The choline s terase activi ties of the nematodes species were summarised 

by Sanderson ( 1969 ) and Hutchinson and Probert ( 19 7 2 ) . Apart from these 

summari es , the Russian workers Polyakova ( 1966)  have reported on the 

cholinesterase activi ties in Ascari s ,  A .  gal l i  and D .  fi lari a 

(Me likhova 19 70 ) , the cholineste rase activities of A .  suum ,  T .  muris and 

G .  spumosa ( Shishov and Chuprov, 19 7 1 ) . Langer et al . ( 19 7 2 )  reported 

the spe cific activites and Km values of the choline s terase of A .  suum 

and H .  con tortus using various substrates and inhibitors , including 

te tramisole . 

In our present study , the choline s terase activities of A .  suum (muscle 

and head portion) E .  granulosus (brood capsules and scoleces and cyst 

f luid) T .  ovi s and T .  h yda ti gena we re determined in addi tion to 

inhibition by eserine , pyrante l ,  levamisole , morante l ,  vincofos and 

dichlorvos . The potency of the various inhibitors was expressed in 
a s  

te rms of their I SO values , which are de fined Athe molar concentration of 

inhibitor reducing cholineste rase activity to one half under standard 

condi tions . Howeve r ,  s ince plots of percentage inh ibi tion against log 

molar concentration are non-linear , the I SO values were cal culated from 

a probit-transformation of pe rcentage inhibition . There has been no 
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available data on these above determinations except for A . suum with 

eserine ( Bueding , 19 5 2 ; Knowles and Casida , 1966 ; Hutchinson and Probert , 

19 7 2 )  and dichlorvos (Knowles arid Casida , 1 966) . 
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4 . 3  MA T E R I A L S  A N D  M E T H O D S  

4 .  3 . 1 H e l m i n t h  s o u r c e s 

Adult A .  suum , were obtained a fter stripping small intes tines of 

pigs killed at the Kiwi Bacon Company , Longburn , New Zealand . They 

were washed several times in 0 . 9% saline at 37 C and trans ferred to 

the laboratory i n  vacuum flasks . spec i m e n s  o f Mon iezia 
were obtained from the intestines and Echinococcus cysts from the 

liver and lungs of sheep freshly killed at the Longburn Freezing 

Works . Ascari dia gal li were obtained by the fol lowing procedure . 

Chicken i ntes tines were collected from a poultry farm near Palmerston 

North , New Zealand , and the adult worms were washed and stored in 

0 . 9 %  saline in the re frigerator . Female worms were selected and the 

eggs teased from uteri . These ova were incubated at 37 C in a 

mixture of one part 2 %  formalin in 75  parts of water (Hansen et ai , 

1954 and 1956) . The media was shaken daily and examined periodically 

for the development of the infectiv e. larvae - usually at about 2 

weeks . An es timation of viabil i ty was made from counts of eggs 

containing motile larvae . Two weeks old whi te-leghorn chickens 

fed low protein poultry feed and water ad libi t um ,  were infected by 

squirting 0 . 5  ml suspension of 500 viable eggs in water into the 

chicken crop through a glass pipette with a rubber squeezer . The 

A .  gal l i  reached the adult s tage a fter 5 weeks . At that time the 

chickens were killed and the gut opene d .  The adult worms were 

thoroughly washed on 0 . 9% saline and blotted dry with paper-towels . 

Adult T .  avi s  worms were obtained from dogs infected with Cysti cercus 

ovi s in a lamb carcass kindly supplied by the courtesy of Dr D . D .  

Heath , Wallaceville Animal Research Centre , Wel lington , New Zealand . 

Portions of the carcass and infected heart muscle were fed to three 

adult dogs aged about three years and seventeen puppies aged from 

six weeks to two months . The animal s  were o f  mixed sex and breed .  

Larval T .  hyda tigena (Cys ti cercus t e n ui col l i s  cysts ) were obtained 

from the vi scera of lamb freshly s laughtered at the Longburn Freezing 

Works , New Zealand . The scoleces were removed from the cysts� severed 

about one centimeter behind the rost.el lum arrd packed into gelatin 

capsules ( si ze 000) so that e ach capsule contained five larvae . 
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The se were force- fed to twenty-two puppies aged between two and six 

weeks , each rece iving one capsule on two consecut ive days . As 

required for experimental work the animals were des troyed by 

intraperi toneal inje ctions of pentobarbitone sodium ( Euthatal) . 

Intestine s were removed,  slit . longi tudinally , the worms recovered 

and washed in saline and used immediately for experiments . At the 

time of the experiment the worms age ranged from two to seven months . 

I n  the laboratory the worm materials were washed in saline , blotted 

dry with paper towels and either used immediately for experiments or 

wrapped in small groups in plas tic , put in plastic containers and 

frozen ,  s tored at -18 C unti l required . 

4 . 3 . 2  H o m o g e n a t i o n  a n d  s ub - c e l l u l a r  f r a c t i o n a t i o n 

Moni ezia (both fresh and frozen) and fresh T . ovi s and dog-l iver were 

used as sources of tissue for homogenation and sub-cellular fraction­

ation in s tudies re lated to e ffects of the detergent Triton X- lOO , 

temperature and subs trate concentrations on choline s terase activity . 

The following tissue preparations were made : whole-ti s sue homogenates 

and nuc lear , mitochondrial , microsomal and cytosol fractions . 

Centri fugation was at the following speeds and periods : 1000g for 10 

mi nute s , l 2 000g for 2 0  minutes ,  40 , 000g for 60 minute s .  

Sub-cel lular ti ssue fractions were prepared i n  the following manner .  

Fresh M .  expansa were blotted dry and 1 5  gram samples cut into small 

pieces . These were placed in a glass Potter-Elveh j em homogenizer 

together with 2 5  ml volumes of ice-cold phosphate buffer ( pH 7 . 8 )  

containing 0 . 25 M su€rose . ( Rappaport et al , �959 ) . The material 

was homogenised in ice for 3 minutes at full speed .  Frozen M. expansa 

w'e re thawed on paper towe l s  at room temperature . Five gram sample s 

were weighed and cut into small piece s . Each sample was homogenised 

in 12 mls of ice-cold buffer/sucrose mixture . The procedure was 

s imilar for fresh T .  ovi s except that 1 . 5  gram samples were used and 

these were homogenised with 14 ml of the buffer/sucrose mixture . The 

dog-liver homogenate was made from a mixture of 3 grams liver and 14 

89 

ml of buffe r .  Sub-cel lular fractionation was carried out by differential 

centrifugation using a method modified from that of Knowles and Arurkar 

( 1969) . Pre liminary work was required to de fine the expe rimental 



4 . 3 . 2  

parameters , particularly in relati.on to di lution factors requi red 

to estab lish a satisfactory rate of hydrolysis . For these reasons 

it is necessary to report the procedure for each tissue in some 

detai l .  With the fresh M .  expansq , the fol lowing was found to be 

sati s factory . Samples 0·£ homogenates ( 6  ml ) as prepared above , 

were centri fuged at 1000 g for 10 minute s using Beckman cellulose 

ni trate centri fuge tubes ( 0 . 5  x 2 . 5  inche s )  in a 39 sw rotor of an 

ultracentri fuge (Beckman model L ) . The precipi tate was re suspended 

in 10 ml of ice-cold buffer/sucrose to yie ld the nuclear fraction 

which also contained cel l debris and unbroken cel l s .  The supernata nt 

was made up to 6 ml with ice-cold buffer/sucrose and centrifuged at 

1 2 , 000 g for 20 minute s  and the resultant precipitate resuspended i n  

3 m l  o f  buffer to give the mitochondrial fraction . The 1 2 , 000 g 

supernatant was made up to 6 ml and centri fuged at 4 0 , 000 g for 60 

mi nute s . The precipita te was then washed and resuspended in 1 . 5  ml 

of buffe r/sucrose to yield the microsomal fraction . The remaining 

40 , 000 g supernatant was considered free of subcellular organelles , 

and de signated the soluble fraction or cytosol . 

For Tri ton X-IOO e ffects , the various fractions (nuc lear , mitochondrial 

and microsomal ) were resuspended in ice-cold buffer/sucrose containing 
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1 %  Triton X-IOO (Mair & Co . Ltd . Auckland New Zealand) . The homogenate 

and cytosol fractions were treated with Tri ton X- IOO at a final 

concentration of 1% . The various homogenates and fractions with and 

wi thout 1% Tr i ton X- IOO were incubated and shaken for 1 hour at 37 C 

prior to assay . The homogenate solutions were di luted four fold with 

their respeotive buffer solutions just before assaying for choline s terase 

e nzyme activi ty . The frozen M .  expansa preparation of subcel lular 

fractions was the same as that for the fre sh material except for the 

volume of buffe r  used for resuspending the precipi tated materials . 

The 1000 g precipi tated nuclear fraction was resuspended in 1 . 4  ml 

o f  buffe r ;  the 1 2 , 000 g precipitated mitochondrial fraction was 

resuspended in 5 ml of buffer and 40 , 000 g precipitated microsomal 

fraction was resuspended in 2 . 4 ml . The treatment with Triton X-IOO 

1 % , of homogenate and fractions was the same in treated as fresh 

Moni ezia . The homogenates with and without Tri ton X-IOO were di luted 

two fold with their respective buffers just be fore assaying for 
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chol inesterase enzyme activi ty . I n  studi es of the effects of temperature 

and subs trate concentration , the homogenate was di luted four fo ld and 

the fractions diluted two fold with buf fer j ust before assaying for 

enzyme activi ty . I n  prepa ring the fresh T ,  ovi s  material 1 . 5  gram 

worm pieces were homogenised with 14 ml of buffer and the subcel lular 

fractions were prepared as for Moni ezi a with s light modifications with 

respect to the volume of buf fer used to resuspend the precipi tated 

materials . The 100 g nuclear fraction was resuspended in 5 ml of 

buffer ;  the 1 2 , 000 g mitochondrial fraction i n  2 . 5  ml of buffer and 

40 , 000 g microsomal fraction in 1 . 5  mI . The treatment with Triton 

X- IOO was as with Moniezi a . The homogenates wi thout and wi th 1% 

Triton X- IOO were diluted ten fo ld and all  the fractions were diluted 

five fold with thei r  respective buffe rs j ust be fore the cho linesterase 

enzyme assay was carried out . I n  studies of the effects of temperature 

the homogenate was diluted forty fold and the fractions diluted twenty 

fold with buffer j ust before as saying for the cholines terase ac tivity . 

For studies of substrate concentration effects so lution was di l uted 

five fo ld with ice-cold phosphate buf fer before assay .  With fresh 

dog liver , the 100 9 nuclear fraction was resuspended in 3 . 3  ml of 

buf fer ; the 1 2 , 000 mi tochondrial fraction in 3 . 3 ml and 4 0 , 000 g 

mi crosomal fraction in 1 . 5  mI . For s tudy of the effects of temperature 

and substrate concentration the homogenate was di luted forty fold and 

the fractions diluted twenty fold with buffer j us t  before assay . 

4 . 3 . 3  Homo g e n a t i o n  f o r  i n h i b i to r  e xp e r i m e n t s  

Hydatid f luid was wi thdrawn from cysts with a syringe equipped with a 

large bore hypodermic needle and the brood capsules and scoleces washed 

free of the germinal membrane us ing copious quantities of saline . 

This material was washed several times and excess f luid decanted.  

Both fluid and solid material were either used in a fresh condi tion 

or frozen at -18 C unti l required .  Pre liminary experimen ts were done 

to select amounts of he lminth materia l ,  of sui table po tency to meet 

the parame ters of the experiments . Homogenates of frozen Ascari s  

were mnde after thawing i n  the shade a t  room temperature . As the 

worms b@camQ soft thQy were b lottea dry with paper towo ls , in order to 
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remove excess water and moisture . The worms were then cut 

longitudinally , the cuti cle stripped off and all the vis cera , intestines 

and sex organs taken out and discarded . The mus cle portion of the 

worm was cut into sma l l  pieces and weighed . Th e head portion was 

prepared by cutting 2 . 5  cm behind the ante rior tip and this portion 

in turn was st ripped of cut i c le . Samples weighi ng 88 mg of mu sc le and 

400 mg of the head por tion were placed in 5 ml vol ume Omnimixer 

cuvettes together with approximately 3 ml of ice-co ld O . lM phosphate 

buffer (pH 8 . 0 ) . The mat eri al was homogenised at full speed for 

2 minutes using the micro-attadi.ment and the cuve tte was kept co ld 

by submerg ing it in ice flakes in a plastic bucket . The homogenate 

was then diluted to 10 ml with cold phosphate buff er , mixed thoroughly 

and then used directly for as say of cho lines terase . Homogena te of 

Tri churis ovi s worms were made in a simi lar fashion except that 200 mg 

samples of the worms were used . When using A .  gal l i , 400 mg samples 

of worm was required and with T .  ovis and T.  hyda ti gena , 200 mg samples 

proved satis factory . Brood capsu les and scol eces of E . granul os us 

were used at a concentration of 40 mg per 1 0  ml and cyst fluid in the 

vo lume of 5 ml f luid to 5 ml buffer . Cyst membrane was used at a 

ratio of 400 mg/IO ml , but the last named homogenate showed no 

cholinesterase activity . 

4 . 3 . 4  D r u g  s o u r c e s  

The cholinesterase inhibitors tes ted on different homogena tes and 

cell fractions were ; eserine salicylate (Macfarlan Smi th Ltd . , 

Edi nburgh) ;  pyrantel tartrate , morantel tar trate and levamisole 

hydrochloride (courtesy of Cyanamid Canada Ltd . , Toronto ) ; di chlorvos 

and vincofos (courtesy of She l l  Bio logi cal Science Research Centre , 

Cal i fornia , U . S . A . ) .  

4 . 3 . 5 R e a g e n t s  a n d  th e i r  p r e p a r a t i o n  

Phosphate buffers contained monobasic sodium phosphate and dibasic 

sodium phosphate of 0 . 1 M pH were qdj usted to pH 8 . 0 and pH 7 . 0 .  

Th@ §Uh§Er�E@ W!§ �e@ ty lthioeholi�e iOdide ; (si�m� Ch�mi cg l eampa ftY I 
S t .  Loui s , U . S . A � ) . A 0 . 0 7 5  M ( 21 . 67 mg/ml ) solution was used and 
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4 . 3 . 4  

it retained its potency for up to 15 days when re frigerated .  The 

colouring agent comprised O . OlM 5 : 5-dithiobis-2 -nitrobenzoic acid 

(DTNB ) ( S i gma Chemical Company , St . Louis ,  U . S . A . ) equal to 39 . 6  mg 

DTNB in 10 ml , 0 . 1 M phosphate buffer (pH 7 . 0 ) sodium �ic arbonate 

( 15 mgs ) was added to DTNB mixture . The solution was more stable in 

buffer of pH 7 . 0  rather than pH 8 . 0 ,  but for the present e xperiments 

was freshly prepared every few days . 

4 . 3 . 6  C h o l i n e s t e r a s e  a s s a y 

The enzyme as says were done the same day as the cell fractionation . 

Acetylcholinesterase activi ty was measured by the colo_rimetic 

de termination of Ellman et al . ( 19 6 1 )  with slight modi fications , 

using a Unicarn spectroph6peter (mode l S P 500 Series 2 )  with an external 

recorder (mode l S P 20 Se rie s )  and thermoregulated cuvette-holde r .  

The procedure involved e s sentially the hydrolys is of the substrate 

acethythiocholine by choline sterase to ace tate and thiocholine . The 

thio moiety is  then coupled with DTNB to give a coloured compound 
to 

the absorbance of which can be me asured on spectropho�eter and compared 

with a standard . 

The procedure was as follows : 

( a )  A 0 . 4  ml samp+e of homogenate or subce llular fraction was 

added to a 3 ml cuvette containing 2 . 5  ml 0 . 1M phosphate buffe r .  ( pH 

8 . 0 )  . 

(b)  One hundred VI of the DTNB reagent was added with a Gibson 

pipette and mixed with a current of air introduced through a fine 

eap i l . a �y � �pat�Q . 

( c )  The cuvette s were placed in  the thermostated ce l l  compartments 

( 3 7oC j of the spectrophotomete r which in turn was fitted wi th an 

external recorder . 

( d )  After incubating the buf fer , worm mate rial and DTNB at 3 70C for 

5 minutes in the photoce ll , 20 vl of the substrate ( acetylthiocholine 

iodide ) was added by means of micropipette , and the cuvette contents 

remixed with a current of a i r .  After mixin g ,  the photometer required 

30 to 40  seconds to become stabi lised and the rate of change of 

absorbance at 412nm calculated from the chart record over the next 

5 minute s . 
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4 . 3 . 6  

In dea ling wi th the worm homogenates a bla nk , consisting of worm 

homog enate , DTNB and buf fer wi thout subs trate was required to correct 

for release of thiol ma terial from the homogen ised ce lls . To study 

the effects of i nhibitors a nd an thelmintic s , homogena tes of high 

ac tivity were pre-incubated for f ive minutes wi th the drugs at 

concentrations from 10- 7
M to la- 2M .  Test drugs were added in volumes 

of 0 . 1  ml and the final volume , before substrate was 3 mI . The 

homogenates and frac tions were kept in g lass -tubes in ice throughout 

the assaying period . Tempera tu re effect on chol ines terase ac tivity 

was studi ed over a range from 10 C to 7 0  C and the temperatur e  was 

mai ntained during a five minutes preincubation period and as we ll 

as duri ng the f ive minutes test period . In  the tempera ture experiment 

it was necessa ry to employ two blank s  at each tempe ra ture examined . 

A " no-subs trate " blank consisting of fractiona ted homogenate , DTNB , 

and a " no-enzyme " blank conta in i ng substrate , to cor rect f.or the 

increased non-enzymatic hydrolysi s  of high er temperatures . 

For the subs tr ate study enzyme activi ty wa s measured at 3 7  C in a 

fina l  volume of 3 ml reaction mixture which was preincubated for five 

minutes before the addi tion of the subs trate . Subs trate concentrations 

were examined over a range 10- 6M to la-2 M acetyithiocholine iodide . 

Two blanks were employed . A "no-subs trate"  blank consi sting of 

fra ctiona ted homogenates , DTNB and bu ffer to corr ect for the non 

specific reac tion a nd " no-enzyme" bl ank containing the subs trate -

to correct the spontaneous hydro lysi s .  

The standard c urve for cho li nesterase assay wa s car ried out in the 

fol lowing manner . A 2 5  mg/IOO ml solution of g lutathione (Reduced 

form ; S igma Chemi cal Company ) was used to construct a sta ndard curve 

representing a range of 0 . 05 ml to 0 . 2 ml of glutathione (Fig 4 . l ' 
I t  was found tha t 0 . 1  ml of so lution ( 0 . 081 3 5  uMoles SH ) whe n  add ed 

to the assay cuvette gave a Qef1ee�ion o� �Q units on the �ecoraer 

paper . Co nsequently a 1 uni t deflection on the recorder chart was 

equivalent to the libera tion of 0 . 001 3 5  uMoles of thiol group (SH) . 

Enzyme rate can be cal culated a s  fol lows : 

R = 
A x F 

C x 5 
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4 . 3 . 6  

Where R = ra tes in uMoles s ubstrate hydro lys ed per minute per mg 

of ti ssue . 

A s ca le uni t changes in 5 mi nutes on recorder . 

C = original concen tration of tissue (mg/ml ) .  

F uMo les - SH per s cale unit change . 

4 . 3 . 7 P r o t e i n  a s s a y .  

The specific activi ty o f  chol ines terase i s  re la ted t o  the abso lute 

level of protein in the tissue sample . Protei n assay wa s done on 

the day fol lowing the experiment and th e material was stored at 
. 

-� 8 C .  Specific a ctivity was determined for homog enates and 

fractions in frac tionation experiments and in the inhibi tion 

experiments activity was e s t imated on a wet-weigh t ba s i s . 

The protein concentration of each homogena te and fractions was 

determined colourimetrica lly by the method of Lowry et a l . (�9 5 1) 

as described by Kabat and Mayer ( l 9 6 � )  using purified bovine s erum 

albumin ( Sigma Chemieal Gempany , S t .  Loui s , U . S .A ) a s  the 

s tandard ( Figure- 4 . 2 )and measured on the Uni cam spec trophotome ter 

(mode l S P 500 Series 2 ) . Both standards and unknown samples 

were as sayed in triplica te using 200 �l samples of the helminth 

materials which wer e di luted 10 to 60 fo ld wi th Moni ezia , 20 to 

1 20 fo ld wi th T .  av.i s and dog liver - using phosphate buffer 

(pH 7 . 8 ) containing 0 . 2 5 M sucrose . 

4 . 4  RE S U LT S 

�aniezi a (both fresh and frozen) T .  avis and dog liver ( fresh) were 

used as sources of tissue for homogenation and subcellular fraction 

studies related to the e ffects of  the detergent Triton X- IOO , 

temperature and substrate concentration . I n  these experiments ( 4 . 4 . 1 ) 

the total protein content o f  the samples was determined and the 

choline s terase spe c i fic a ctivity expressed in terms of substrate 

hydrolysi s  pe r mi lligram o f  protein per minute . 
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4 . 4 . 1  

� second series of experiments ( 4 . 4 . 2 ) , using homogenate s only , were 

concerned chie fly with the influence of inhibitors - particularly 

anthe lmintics . In thi s  work the absolute rate of enzyme activities 

are expressed in terms of substrate hydrolys is per mi l ligram wet 

weight of worm pe r minute , 

4 . 4 . 1 

(a J Subcell ular di s t ri b u t i on and sol ubi l i ty i n  Tri ton X- 1 0 0  

With fre sh Moniezi a  �he specific activity of homogenate and subce llular 

fractions , both in the presence and absence of Triton , i s  shown in 

Table 4 . 2 .  These data are derived from the original material recorded 

in Table 4 . 3 .  The information has also been plotted to show the 

relationship between specific activity and percentage dis tribution of 

protein ( Fig . 4 . 3 ) as in the procedure of de Duve et al . ( 19 55 ) . The 

highest activity occurred in the mitochondrial and mic rosomal fractions 

and the lowest in the cytosol ,  the des cending value s  of activity being 

as follows : mitochondria 1 3 . 5 ,  microsomes 10 . 5 ,  homogenate 6 . 3 , nuclei 

4 . 6  and cytosol 2 . 8  with activity expressed as nanomoles acetylthio­

choline hydrolysed per mi lligram of protein per minute . A statistical 

analysis of the e ffect o f  Triton on the rate of spec i fic activity of 

both homogenate and subcellular fractions of fresh Moniezia indicated 

that there is no signi ficant di f fe rences between the treated and 

untreated materials .  

Wi th frozen Moniezia the data are again derived from the information 

summarised in Table 4 . 3  and this material is presented in Table 4 . 4  

and Fig . 4 . 4 .  The distribution of activity is di fferent from that of 

fresh material . The highe st activity occurred in the microsomal 

fraction rather than the mitochondrial , which now showed the lowest 

activity of all the fractions having activity only a little higher 

than that of homogenate . The value s  in descending order are : mic rosomes 

15 . 5 ,  nuclei 12 . 7 , cytosol 7 . 7 ,  mitochondria 7 . 1 and homogenate 6 . 8 .  

Choline s te rase specific activities are plotted against protein 

di stribution in Fig . 4 . 4  and an application of the t test to the data 

in Table 4 . 4  indicates a significant e ffect of Triton in increasing 

enzyme activity in the homogenate and all four subcel lular fractions 

(P < O . O l - < 0 . 05 ) . 
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TA.BLE 4 . 2  

F F F E CT O F  1% T R I TON  X- I 0 0  ON THE S P E C I � I C  ACT I V I TY O �  C H O L I N E STE RASE  F ROM HOMOG E N ATE S A N D  F RACT I ON S  

O �  F RE SH MON I E Z I A  

EXPE � I ME NT TR I TON ADDE D NANOMOLES  A C E TY LTH I OCHOL I NE I OD I D E /MG P ROTE I N/M I N UTE 

N UMBE R  
HOMO G E NATE  NUCLE I M I TOCHONDR I A  ril C ROSOME S CYTOS O L  -

( - ) 7 . 5 9 6 . 6 0 1 3 . 1 4 1 0 . 6 9 4 . 0 8 
1 

( + ) 6 . 6 6 8 . 5 2 1 5 . 3 6 1 0 . 3 9 3 . 1 8 -

( - ) 7 . 1 1 3 . 8 9 1 3 . 5 0 9 . 3 9 2 . 0 4 
2 

( + ) 5 . 4 9 4 . 5 3 1 1 . 7 9 9 . 79 2 . 9 0 

( - ) 5 . 4 8 3 . 4 8 1 2 . 0 7  1 1 . 2 5  2 . 6 0 
3 

( +  ) 5 . 6 0 4 . 8 7 1 2 . 2 3 1 2 . 3 2 2 . 4 3 

"" . 
tv 



( - ) 5 . 2 4 
4 

( + ) 6 . 2 4 

( - )  6 . 2 8 
5 

( + ) 6 . 4 7 

( - ) 6 . 3 4 
Me an 

( + ) 6 . 0 9 

S i gn i f i c ance by 
t . t e s t  
P v a l ue 

n . s  n . s  

( n . s <0 5 )  

4 . 9 4 1 6 . 1 3 

4 . 5 2  1 8 . 75 

4 . 0 3 1 2 . 4 8 

4 . 2 3 1 5 . 7 7 

4 . 5 9 1 3 . 4 6 

5 . 3 3 1 4 . 7 0 

n . s  n . s  

1 1 . 1 8 

1 2 . 8 3 

9 . 8 2 

1 0 . 2 5 

1 0 . 4 7 

1 1 . 1 1 

n . s  

2 . 9 3 

3 . 1 9 

2 . 3 0 

2 . 3 9 

2 . 7 9 

2 . 8 2 

n . s  

l:> . 
N 

� 
o 
o 



TABLE 4 . 3  

S UBCE LLULA R  D I S T R I B UT I ON OF  CHOL I NE S T E RA S E  E N ZYME ( CH E )  A N D  P ROTE I N  F ROM F R E S H  AND F R O Z E N  MON I E Z I A  

AND FRESH  TAEN I A  OV I S  

S P E C I E S 

�10 N  I E Z I  A 

( F R E S H )  

TR I TON 

X- I 0 0  

+ 

ABSOLUTE  PE R C E N TA G E  VAL U E  I N  FRACT I ON S  
COM PON E N T  VALUE  * 

1 0 0% N U C LEAR  M I TO C H O ND R I A  M I C ROSOME S CYTO S O L  

P ro te i n  7 4 . 3  5 6 . 0  + 3 . 2  5 . 3  + 0 . 5  4 . 9  + 0 . 2  3 4 . 2  + 1 . 8 - - - -

ChE 0 . 4 6 5  4 9 . 8  + 3 . 8  1 3 . 8  + 0 . 4  10 . 1  + 0 . 8  1 8 . 4  + 0 . 4  - - - -

P ro t e i n  7 5 . 2  5 4 . 0  + 3 . 7  5 . 6  + 0 . 4  4 . 6  + 0 . 3  3 2 . 7  + 2 . 0  - - - -

ChE 0 . 4 4 7  5 4 . 7  + 3 . 0  16 . 3  + 1 . 3  10 . 1  + 1 . 0  1 8 . 1  + 1 . 0  - - - -

R EC O V E RY% 

± S . E . 

1 0 0 . 4  + 4 . 5  -

9 2 . 1  + 4 . 1  -

9 6 . 9  + 4 . 1  -

9 9 . 2  + 4 . 6  -

.(>. . 
w 

f-J 
o 
o 
tIl' 



Prote in 6 4 . 6  5 . 1  + 0 . 6  3 4 . 0  + 2 . 3  6 . 1  - -

MON I E Z I A ChE 0 . 4 5 3  9 . 4  + 1 . 3 3 5 . 5  + 2 . 3  1 3 . 8  - -

( F ROZE N] P ro te i n  6 0 . 9  4 . 3  + 0 . 2  3 5 . 7  + 2 . 3  7 . 7  - -

+ 
ChE 0 . 6 0 3  9 . 2  + 0 . 9  3 3 . 3  + 2 . 6  1 6 . 7  - -

P rote i n  4 9 . 5  2 7 . 9  + 1 . 9  14 � 9  + 0 . 9 4 . 7 - -

TAE N I A  ChE 2 . 5 7 4  2 7 . 2  + 1 . 9  2 2 . 4  + 1 . 5  9 . 1  - -

OV I S  
( F R E S H )  P rote i n  4 7 . 7  2 8 . 4  + 1 . 5  16 . 4  + 0 . 8  4 . 9  - -

+ 
ChE 2 . 6 6 7  2 8 . 9  + 1 . 9  2 3 . 6  + 1 . 0  9 . 8  - -

* Units are prote in - mg/ml i choline s te rase - n moles acetylthiocholine/ml/minute . 

+ 0 . 7  4 4 . 9  + - - 0 . 5  

+ 1 . 2  4 4 . 9  + 6 . 2  - -

+ 0 . 7  4 4 . 9  + 2 . 0  - -

+ 1 . 3 4 1 . 4  + 4 . 9  - -

+ 0 . 5  4 9 . 5  + 1 . 6  - -

+ 0 . 5  3 4 . 9  + 1 . 8  - -

+ 0 . 4  5 0 . 4  + 2 . 0  - -

+ 0 . 8  4 0 . 0  + 4 . 6  - -

9 0 . 1  + -

1 0 3 . 6  + -

9 2 . 6  + -

1 0 0 . 6  + -

9 7 . 0  + -

9 3 . 6  + -

1 0 0 . 1  + -

1 0 2 . 3  + -

2 . 3  

2 . 3  

4 . 0  

3 . 2  

2 . 6  

3 . 3  

2 . 3  

6 .  7 

� . 
w 

r-' 
o 
o tr 



4 . 3 

FIG. 4 . 3 

THE SUBCELLULAR D I STR I BUT I ON O F  CHO L I NESTERASE 

ENZYME I N  FRESH MONIEZIA 
1. 1 

(A )  W I THOUT 1% TR I TON  X-lOO t 

(B )  W I TH 1% TR I TON  X-lQO . 

101 

SPEC I F I C  ACT I V I TY = NANOMOLE S ACETYLTH I OCHOL I NE­

I OD I DE HYDRO L I ZED/MG . PROTE I N/M I N ,  

N = NUCLEAR F RACT I ON .  

M = M I TOCHONDR I AL F RACT I ON .  

P = M I CROSOMAL F RACT I ON .  

S = CYTOSOL FRACT I ON .  
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FIG. 4 . 3 
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E F F E C T  o c  1% TR I TON X- 1 0 0 ON  THF.  S PE C I F I C  ACT I V I TY O �  CHOL I NE S T E R A S E  F ROM HOMOG EN ATE S A N D  F RACT I ON S  

O F  F RO Z E �  MON I E Z I A  

�XPE R I ME NT TR I TON  A DDE D NANOMO L E S  A C E TY LTH I OCHOL I NE I OD I DE /MG P ROTE I N /M I N U TE  

N U�1B E R 
HOMOG ENATE  �! UCLE  I M I TOCH O N D R I A  �1 I C ROSOME S CYTO SOL  

( - ) 7 . 6 5 1 5 . 9 4 7 . 2 6 1 6 . 8 0 8 . 0 7 
1 

( +) 8 . 6 8 1 9 . 1 6 8 . 1 1 2 1 .  9 3  1 1 .  7 2  

( - ) 7 . 7 3 1 4 . 9 7  9 . 1 4 2 0 . 1 8 1 1 .  0 2  
2 

( + ) 1 2 . 7 0 2 0 . 3 6  1 0 . 5 0 2 5 . 3 4 1 2 . 0 0 

( - ) 4 . 9 4 1 0 . 5 9 4 . 8 6 1 5 . 5 4 3 . 2 5 
3 

( + ) 7 . 4 5 1 9 . 9 0 7 . 5 2 2 5 . 4 0 5 . 3 0 

f-' 
o 
w 



"'" 

�--------------------------------------------------------------------------------------------------- "'" 

( - ) 4 . 7 1 6 . 8 7 5 . 2 3  1 0 . 9 2 3 . 3 3 
4 

( + ) 6 . 4 7 1 1 . 1 3  6 . 9 2  1 2 . 9 2 4 . 7 5 

( - ) 8 . 8 4 1 4 . 9 2  8 . 9 9 1 3 . 8 4 1 2 . 7 1 
5 

( + ) 1 0 . 3 1 1 8 . 3 5  1 0 . 5 3 1 7 . 9 9 1 4 . 1 7 

( - ) 6 . 7 8 1 2 . 6 6 7 . 1 0 1 5 . 4 5 7 . 6 8 
Me an 

( + ) 9 . 1 2 1 7 . 7 8 8 . 7 2 2 0 . 7 1 9 . 5 9 

--

S i gn i f i c an ce by 

<0 5 <0 2 <0 1  < 0 2  <0 2  t .  te s t  
P va l ue 
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FIG . 4 . 4  

THE SUBCELLULAR  D I STR I BUT I ON OF  CHOL I NE STERASE 

ENZYME I N  FROZEN MONIEZIA 

(A )  W I THOUT 1% TR I TON X-lOO t 

(B )  W I TH 1% TR I TON X-lOO t 

S P EC I F I C  ACT I V I TY = NANOMOLES ACETYLTH I OCHOL I NE­

I OD I DE  HYDRO( I ZED/MG . PROTE I N/M I N .  

N = NUCLEAR F RACT I ON . 

M = M I TOCHONDR I AL F RACT I ON .  

P = M I CROSOMAL F RACT I ON .  

S = CYTOSOL F RACT I ON .  
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FIG. 4 . 4 
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4 . 4 . 1  

An interesting' feature of the work was the finding that wi th and 

without treatment with Triton , no s ignificant di fferences occurred in 

the choline s terase specific activities between fresh Moniezia and that 

frozen at - lSO e for eighteen months . However ,  the distribution of the 

enzyme ac tivity of the subce llular fraction of the fresh and frozen 

1 0 7  

worms were found to be signi ficantly different ( P  < 0 . 0 1 ,  < 0 . 001 , < 0 . 02 and 

< 0 . 05 )  for nuclei ,  mitochondria , microsomes and cytosol respectivity . 

The data for T .  ovi s i s  presented in Table 4 . 5  and Fig . 4 . 5  and i s  

derived from basic data presented i n  Table 4 . 3 .  I t  i s  readily apparent 

that this worm has a much higher specific activity than does. Moniezi a 

( 5 1  for T .  ovi s homogenate as compared with 6 . 3 for fresh Moni ezi a) . 

However the di stribution o f  enzyme activi ty in homogenate and sub­

cellular fractions was similar to that in fresh Moniezia except that 

activity was somewhat higher in the microsomal fraction , rather than 

in the mitochondria . The value s in descending order are : microsomes 

99 . 9 , mitochondria 76 . 5 ,  homogenate 5 1 . 1 , nuc lei 4 9 . 7  and cytosol 35 . 3 . 

Thus the overa l l  enzyme activi ty for a l l  fractions was some six to twe lve 

t ime s higher than for s imi lar fractions of Moniezia . The effect of 

Triton on both homogenate and al l other fractions was to s igni ficantly 

increase enzyme specific activi ty (P < 0 . 0 1 ) . 

4 . 4 . 1 

(b) T e mp e r a t u r e  a n d  s p e c i f i c a c t i v i t y  

I t  was found that the specific activity of homogenate and subcellular 

fractions of  frozen Moni ezia increased with temperature to a sharp peak 

at 5 0 °C .  At 60 ° C ,  homogenate , microsome s , cytosol and mitochondria 

showed about hal f  maximum activity (Tabl e  4 . 6 ,  Fig . 4 . 6 ) . Complete 

inactivation of the enzymes took place at 70 ° C for all fractions . Below 

600e the microsomal fraction was most sensitive to decreasing temperature 

and the cytosol , least sensitive . The homogenate and cytosol fractions 

showed the same temperature sensitivity from 30 °C to 70 °C ,  but at low 

temperatures ( 10 °C and 20 °C )  the cytosol enzyme activity decl ined less 

rapidly than the homogenate activity . 



TABLE 4 . 5  

E F F E C T  O F  1 % T R I TON X-1 0 0  ON THE  S P EC I F I C  ACT I V I TY O F  C H O L I N E STE RASE FROM  HOMOGE NAT E S  AND  F RA C T I ON S  

O F  F RE S H  TAEN I A  OV I S 

EXPE R I ME N T  T R I TON ADDED NANOMO LE S A C E TY LTH I O CHO L I NE I OD I DE /MG P ROTE I N/M I N UT E  

N UMB E R  
HOMOG E NATE S N U C LE I M I TO CHONDR I A  M I C ROSOME S CYTOS O L  

( - ) 5 6 . 8 6 5 1 .  7 9  7 6 . 9 2  1 0 5 . 1 7  4 2 . 6 6 
1 

( + ) 6 0 . 5 6 5 6 . 2 5 7 7 . 9 5 1 1 0 . 9 4  4 7 . 6 5 

( - ) 5 3 . 7 3 5 4 . 1 3  8 5 . 7 6 1 0 0 . 7 5  3 4 . 5 7 
2 

( + ) 5 5 . 8 2  5 7 . 5 4  8 8 . 3 9 1 1 3 . 4 2  3 7 . 7 2  

, 
( - ) 5 6 . 2 5 5 0 . 6 8 8 4 . 8 9 1 0 1 . 2 8  3 3 . 3 6 

3 
( + ) 6 2 . 3 7  5 7 . 4 5 8 6 . 7 1 1 2 2 . 1 2  3 5 . 7 8 

f-' o CD 



( - ) 4 3 . 0 6 4 4 . 16 6 6 . 72 1 0 8 . 9 8 3 3 . 2 8 
4 

( + ) 4 5 . 4 6  5 0 . 9 4 6 9 . 4 4 1 2 1 . 6 2 36 . 8 6 

( - ) 4 5 . 3 7 4 7 . 6 9 6 8 . 0 0 7 7 . 4 6 3 2 . 5 9 
5 

( + ) 4 9 . 8 9  5 3 . 4 8  7 0 . 2 1 8 5 . 8 7 3 5 . 6 5 

Me an ( - ) 5 1 .  0 6  4 9 . 6 9 7 6 . 4 6 9 9 . 9 3  3 5 . 2 9 

( + ) 5 4 . 8 2  5 5 . 1 3  7 8 . 5 4 1 1 0 . 8 0 3 8 . 7 3 

S i gn i f i cance by 
� 1 <0 1  <0 1  <0 1  <0 1  t . te s t  

P v a l ue 

I. 



4 . 5 

THE SUBCELLULAR D I STR I BUT I ON O F  CHOL I N E STERASE 

ENZYME I N  TAENIA OYIS . 

(A)  W I THOUT 1% TR I TON  X-lOO t 

( B )  W I TH 1% TR I TON X-lOO t 
. \ 

1 1 0  

SPEC I F I C ACT I V I TY = NANOMOLES AC&TYLTH I OCHOL I NE­

I OD I DE HYDRO L I ZED/MG . PROTE I N/M I N .  

N = NUCLEAR F RACT I ON . 

M = M I TOCHOND R I AL FRACT I ON .  

P = M I CROSOMAL F RACT I ON ,  

S = CYTOSOL F RACT I ON .  

• I 
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120 

80 

>-
� 40 
........ 

:> 
........ 

........ 120 
u.. 
........ 

L> 
W 
a... 
(/) 

111 

p 

(A) 

s 

50 100 

p 

M (B)  

s 

o 100 

% P R O T E l N 
• I 



TABLE 4 . 6 

I N F LUENCE O F  TEMPERATURE  ON  THE CHOL I NESTERASE SPEC I F I C  ACT I V I TY O F  HOMOGE NATE AND �S UBCE LLULAR 

F RACT I ONS OF F ROZEN MONIEZIA 

BU F F E R  Phosphate O . lM pH 8 . 0  

SUBSTRATE - Acety1 thiocho1ine iodide 0 . 0 7 5M 

I NC UBAT I ON T I ME 5 minutes 

TEM P E RATUR E  

C 

10 

20 

'30 • 

40 

50 

60 

70 

. . . . .  

HOMOGENATE 

1 . 1 ( 9 . 2) 

2 . 4  . ( 20 . 2 ) 

6 . 3  ( 5 2 . 9 ) 

8 . 6  ( 7 2 . 2 ) 

11 . 9 ( 100) 

7 . 3  ( 6 1 . 3 ) 

0 . 0  ( 0 . 0 ) 

CHOL I NES fERASE 

M I TOCHOND R I A  

0 . 0  ( 0 . 0 ) 

1 . 2  ( 7 . 6 ) 

5 . 1  ( 3 2 . 3 ) 

8 . 7  ( 55 . 1 ) 

15 . 8  ( 1 0 0 )  

7 . 5  (47 . 5 ) 

0 . 0  ( 0 . 0 ) 

SPEC I F I C  ACT I V I TY 

M I CROSOME S 

0 . 9  ( 3 . 9 ) 

3 . 0  ( 13 . 2 ) 

9 . 4  (41 . 2 )  

20 . 2  (88 . 6 ) 

2 2 . 8  ( 100)  

1 3 . 3  ( 58 . 3 ) 

0 . 0  ( 0 . 0 ) 

* uni ts are nanomoles acetyl thiocholine iodide hydrolysed/mg protein/minute . 
Data shown are mean values o f  three experiments . 
Figures in parenthe ses are % o f  maximun activity . 

* 
. . .  

CYTOSOL . . .  

1 . 8  ( 1 5 . 7 ) 

3 . 3  ( 2 8 . 7 ) 

5 . 2  ( 45 . 2 ) 

8 . 7  ( 7 5 . 7 ) 

1 1 . 5  ( 10 0 )  

8 . 2  ( 7 1 . 3) 

0 . 0  ( 0 . 0 ) 
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FiG 4 . 6  

113 

ACT I V I TY OF CHOL I NESTERASE  E NZYME OF FROZEN MON I EZ IA 

I N  RELAT I ON TO TEMPERATURE  

SPEC I F I C ACT I V I TY = NANOMOLES AC ETYLTH I OCHOL I NE 

I OD I DE HYDROL I ZED/MG . PROTE I N/M I N .  

o O .  HOMO G E NATE . 
A-- � = M I TOCHONDR I AL F RACT I ON .  

• A = M I C ROSOMAL F RACT I ON .  

0-- - -8  = CYTOSOL FRACT I ON .  
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4 . 4 . 1  

with fresh T .  ovi s the specific activity of the homogenate and all four 

cell fractions increased wi th increasing temperature to a maximum 

activity o f  600C and a sharp fall at 700C (Table 4 . 7 ,  Fig 4 . 7 ) . The 

mitochondrial and microsomal fractions were most sensitive to increas ing 

tempe rature reacting in a simi lar fashion to the microsomal fraction of 

Moniezia . At low temperatures , the homogenate, nuclear and cytosol 

fra ct ions all behaved similarly . The nuclear fract ion showed appreciably 

more activity than cytosol and homogenate over the range 300C to 60oC .  

The temperature peaks for specific a�tivity of homogenate and the four 

fractions of dog l iver di ffe red from the two cestodes . Enzyme activity 

increased wi th temperature , over the range lOoC to 400C and homogenate , 

nuclear and microsomal fractions showed their maximum activity at 40oC ,  

but in contrast mitochondrial and cytosol fractions showed peak ac tivity 

at 60oC .  Even at 700C for f ive minutes , the enzyme activity of the 

microsomal fraction was higher than the peak for the homogenate , nuclear 

and cytosol fractions . The enzyme activity of the mitochondrial fraction 

at 700C showed a lmost the peak activity of the nuclear fraction and the 

enzyme activity of the mitochondrial fraction at 700C retained the same 

enzyme activi ty as at 40oC .  The nuclear fraction was much more 

sensi tive to temperature than the homogenate and cytosol fraction . The 

microsomal fraction proved the most active in a l l  three types of tissue 

although the optimum temperature varied between 400C ( l iver )  and 600C 

( T .  ovi s ) . The mitochondrial fraction was the second most active in 

Moni ezia and l iver , but waS as active as the microsomal fraction in T.ovi s .  

The nuclear fraction in T .  ovi s  and l iver was the third most active . 

In Moniezia , the speci fic activity and optimum temperature were about 

the same , for homogenate and cytosol .  At 700C Moniezia fractions were 

inactivated but T .  ovi s  fractions retained some activity , whereas l iver 

enzymes were highly active (Table 4 . 8 ,  Fig . 4 . 8 ) . 

4 . 4 . 1  

(c) Substra te concen tra tion and speci fi c  acti vi ty 

Table 4 . 9  summarises for Moniezia the cholinesterase activi ties of 

homogenates and fractions incubated at dif ferent concentrations of 

acetylthiocholine iodide . P lots of rate of enzyme hydro lysi s  against 

1 1 5  



TABLE 4 . 7  

I N F LUENCE OF  TEMPERATURE ON THE CHOL I N ESTERASE SPEC I F I C  ACT I V I TY OF  HOMOGE NATE AND SUBCE LLULA R  
FRACT I ONS O F  F RESH  TAENI AE OVIS 

BUFFER  Phosphate O . lM p H  8 . 0  

SUBSTRATE - Ace ty1thiocho1ine iodide 0 . 0 7 5M 

I NCUBAT I ON T I ME 5 minutes 

- /  . * 
TEMPERATURE  CHOL I N ESTERASE S P EC I F I C  ACT I V I TY 

C HOMOGENATE NUCLE I M I TOCHONDR I A  

10 17 . 3  ( 24 . 8) 1 7 . 4  ( 18 . 6 ) 42 . 9  ( 2 1 . 0 )  

20 27 . 5  ( 39 . 5 ) 2 4 . 8  ( 26 . 6 ) 5 8 . 5  ( 28 . 6 ) 

30 32 . 8  (47 . 1) 44 . 6  (47 . 8 ) 86 . 2  (42 . 1 ) 

40 48 . 2  ( 69 . 2 ) . 6 0 . 5  ( 64 . 8 ) 1 19 . 1  ( 5 8 . 2 ) 

50 66 . 3  ( 9 5 . 1 ) 8 9 . 0  ( 9 5 . 3 ) 1 7 7 . 2  ( 8 6 . 6 ) 

60 69 . 7  ( 100)  9 3 . 4  ( 100)  204 . 6  ( 10 0 )  

70  6 . 6  ( 9 . 5 ) 1 0 . 0  ( 10 . 7 )  0 . 0  ( 0 . 0  ) 

* Units are nanomoles acetylthiocholine iodide hydrolysed/mg protein/minute . 
Data shown are mean value s  o f  two experiments . 
Figure s in parenthes e s  are % of maximum activity .  

M I CROSOMES 

44 . 8  ( 2 2 . 2 ) 

5 7 . 4 ( 28 . 5 ) 

79 . 1  ( 39 . 2 ) 

118 . 1  ( 5 8 . 6 ) 

150 . 9  ( 74 . 9 ) 

201 . 6  ( 10 0 )  

15 . 3  ( 7 . 6 ) 

CYTOSOL  

1 5 . 2  ( 1 9 . 6 ) 

2 1 . 4  ( 2 7 . 5 ) 

2 7 . 8  ( 3 5 . 8 ) 

37 . 7  (48 . 5 ) 

5 7 . 9  ( 74 . 5 ) 

7 7 . 7  ( 10 0 )  

7 . 0  ( 9 . 0) 
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FIG 4 . 7 

ACT I V I TY O F  CHOL I NESTERASE ENZYME OF  TAENIA OVI S 

I N  R ELAT I ON TO TEMPERATURE  

1 1 7  

S PEC I F I C  ACT I V I TY = NANOMOLES AC ETYLTH I OCHOL I NE 

I OD I DE HYDROL I ZED/MG , PROTE I N/M I N ,  

0 0 = HOMOG ENATE , 
• 0 = NUCLEAR FRACT I ON ,  
f:,;- -l:l. = M I TOCHONDR I A L F RACT I O N ,  
... A = M I C ROSOMA L F RACT I ON ,  
0- - --[]  = CYTO SOL FRACT I ON ,  
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TABLE 4 . 8  

I N FLUENCE OF  TEMPE RATURE ON THE CHOL I NE STERASE  S PEC I F I C  ACT I V I TY O F  HOMOGENATE AND S UBC E LLULAR  

FRACT I ON S  O F  DOG  L I VER  

BU FFER  Phosphate O . lM pH 8 . 0  

SUBSTRATE - Acetylthiocho 1ine iodide 0 . 0 7 5M 

I NCUBAT I ON T I ME - 5 minute 

* 
TEMPE RATURE CHOL I NE STERASE S PEC I F I C  ACT I V I TY 

C HOMOGENATE N UCLE I M I TOCHONDR I A  M I C RO SOMES 

10 17 . 6  ( 35 . 6 ) 21 . 1  (29 . 2 ) 1 7 . 3  ( 1 7 . 2 ) 48 . 8  ( 29 . 7 )  

2 0  26 . 3  ( 5 3 . 2 ) 30 . 0  (41 . 5 )  2 7 . 7  ( 27 . 6 ) 7 4 . 4  (45 . 3 ) 

30 34 . 0  ( 6 8 . 8 ) 44 . 5  ( 6 1 . 5 ) 4 1 . 5  ( 41 . 3 )  125 . 8  ( 7 6 . 6 ) 

40 49 . 4  ( 10 0 )  7 2 . 3  ( 10 0 )  6 9 . 2  ( 6 8 . 9 ) 164 . 3  ( 10 0 )  

5 0  46 . 1  ( 9 3 . 3 ) 6 6 . 7  ( 9 2 . 3 ) 8 6 . 5  ( 8 6 . 2 ) 1 54 . 0  ( 9 3 . 7 )  

60  38 . 4  ( 7 7 . 7 ) 47 . 8  ( 6 6 . 1 ) 100 . 4  ( 10 0 )  9 2 . 4  ( 5 6 . 2 ) 

7 0  17 . 6  ( 35 . 6 ) 3 1 . 1  (43 . 0 ) I 6 9 . 2  ( 6 8 . 9 ) 7 7 . 0  (46 . 9 ) 

* Units are nanomoles acetyl thiocholine iodide hydrolysed/mg protein/minute . 
Fi gures in parentheses are % of maximum activity . 

CYTOSOL 

8 . 2  ( 17 . 2 ) 

11 . 5 ( 24 . 1 ) 

16 . 5  ( 3 4 . 6 ) 

2 6 . 3  ( 5 5 . 1 ) 

3 2 . 9  ( 6 9 . 0 ) 

47 . 7  ( 10 0 )  

19 . 8  (41 . 5 ) 

� . 
00 
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F I G  4 . 8  

ACT I V I TY O F  CHO L I NE STERASE E NZYME O F  DOG L I VE R  

I N  R ELAT I ON TO TEMPERATUR E  

1 2 0  

SPEC I F I C ACT I V I TY = NANOMOLES ACETYLTH I OCHOL I NE 

I OD I DE HYD RO L I ZED/MG . PROTE I NI 

M I NUTE . 

0 0 = HOMOGENATE . 

• • = NUCLEAR F RACT I ON . 
b- --6. = M I TOCHONDR I AL F RACT I ON . 
.... ... = M I CROSOMAL F RACT I ON . 
D- . -a = CYTOSOL F RACT I ON .  
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TABLE 4 . 9  

I NFLUENCE OF  S UBSTRATE ON THE CHOL I NE STE RASE SPEC I F I C  ACT I V I TY O F  HOMOGENATE AND FRACT I ON S  
O F  FROZE N MONIEZIA 
BUFFER  Phosphate O . lM pH 8 . 0  

SUBSTRATE 
TEMPE RATURE 

- Acety1thiocho1ine iodide 
. 

Incubation at 37C  for 5 minutes 

SUBSTRATE 
. ' f  CHOL I NESTE RAS E CONCENTRAT I ON 

M HOMOGE NATE M I TOCHONDR I A  -

10- 6 0 . 0  0 . 0  

5x10- 6 0 . 42 0 . 5 1 

10- 5 0 . 6 3 0 . 76 

5x10- 5 1 . 25 1 .  78 

104 2 . 50 2 . 80 

5x10-4 9 . 79 12 . 48 

10- 3 10 . 6 3 1 6 . 30 

5x10 3 18 . 7 5 2 0 . 63 

10- 2 22 . 7 1 2 3 . 18 

SPEC I F I C  ACT I V I TY 

M I CROSOME,S 

0 . 0  

0 . 0  

0 . 0 

4 . 3 9 

6 . 8 2  

1 6 . 5 7 

1 8 . 0 3 

2 1 .  9 3  

2 7 . 78 

* Units are nanomoles ace tyl thiocholine iodide hydrolysed/mg protein/minute . 

* 

CYTOSOL 

0 . 0  

0 . 0  

0 . 80 

2 . 66 

3 . 9 9 

7 . 44 

10 . 10 

18 . 62 

2 1 . 79  

� . 



1 2 3  

4 . 9  

FJ G 4 . 9 

ACT I V I TY O F  CHOL I N ESTERASE ENZYME O F  MON I EZ I A  

( FROZE N )  I N  R ELAT I ON TO SUBSTRATE CONCENTRAT I ON . 

S PEC I F I C ACT I V I TY = NANOMOLES ACETYLTH I OCHOL I NE 

I OD I DE HYDRO L I ZED/MG . PROTE I NI 

M I NUTE . 

o 0 = HOMOGENATE . 
� --6 = M I TOCHONDR I AL F RACT I ON .  
• • •  M I C ROSOMA� F RACT I ON .  

O-.-fl = CYTOSOL FRACT I ON .  
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FIG 4 . 9  
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4 . 4. 1  

substrate concentration are shown in Fig . 4 . 9 .  It can be seen that , 

increasing substrate concentrations from lO_
6

M to lO-2 M was accompanied 

by increased cholinesterase speci fic activity of homogenate and all 

subcellular fractions . Consequently cholinesterase activity in Moniezia 

doe s not show autoinhibition by acetylcholine in concentrations as 

high as 1O-2 d•  

The results of the influence of substrate concentration on cholinesterase 

speci fic activity of homogenate and the four cell fractions of T. ovi s 

are shown in Table 4 . 10 and Fig . 4 . 10 .  T .  ovi s showed an appreciably 

higher overall rate of hydrolysis than Moniezia , but the e ffects of 

substrate concentrations are the same . lhe experiments with dog liver , 

Table 4 . 11 and Fig . 4 . 11 ,  gave · similar results . 

Determination of the Michaelis-Menten c�nstant ; (Km) and maximum rate 

of hydrolysis (Vmax) 

The kinetics of the hydrolysis of acetylthiocholine iodide by cholinest­

erase from homogenate and fractions of frozen Moniezia , T. ovis and 

dog l iver were studied at pH 8 . 0  and 37oC .  The results were plotted 

according to the double reciprocal method of Lineweaver-Burk and the 

Km and Vmax values determined as shown for homogenate and fractions of 

frozen Moniezia (Fig . 4 . 1 2 )  for T .  ovi s ( Fig . 4 . 13 )  and for dog liver 

(Fig . 4 . 14 ) . 

The Km values for homogenate and mitochondrial enzymes of Moniezia 

were 1 0 . 28 x 1O -4'M and 8 . 4 3 x lO-4 M respectively . These Km values were 

about four to eight times higher than the Km values of microsomes and 

cytosol , 2 . 12 x lO-4 M and 1 . 4 8 x 10_
4M ,  respectively (Fig . 4 . 12 ) . For 

125  

T .  ovi s the Km values for homogenate , 2 . 86 x lO-4M ;  nuclei ,  3 . 54 x 10-4M ,  

3 . 54 x 10-4M ;  mitochondria , 2 . 14 x 10_4M ;  microsomes ,  2 . 2 1 x lO_
4

M and 

cytosol 2 . 3 3 x lO-4M were ail of similar magnitude (Fig 4 . 13 ) . For dog 

liver , the Km values for the homogenate , 1 . 96 x 10-4M ;  nuclei , 1 . 78 x 10-4M ;  

mitochondria , 1 . 73 x lO-4M i  microsomes , 1 . 80 x 10-4M and cytosol 1 . 3 7 x 

lO-4M ,  ( Fig . 4 . 14 )  similar in magnitude , as was the situation with 

T .  ovi s . 



TABLE 4 . 10 

., 
I NF LUENCE OF  S UB STRATE ON  THE CHOL I NE STERASE SPEC I F I C  ACT I V I TY O F  HOMOGENATE AND FRACT I ONS  
OF  F RE SH TAENIAE aVIs 
BUFFER  Phosphate O . lM pH 8 . 0  

SUBSTRATE 
TEMPERATURE 

- Ace ty1 thio cho1 ine iodide 
. 

Incubation at 37C for 5 minutes 

SUBSTRATE 
CONCENTRAT I ON - / CHOL I  NESTE RAS E  S P E C  I F I C 

M HOMOG ENATE NUCLE I M I TOCHONDR I A  

10- 6 0 . 0  0 . 0  0 . 0  

5x10- 6 l . 17 0 . 62 2 . 28 

10- 5 3 . 04 1 . 87 5 . 7 8 

5x10- 5 10 . 31 8 . 7 3 2 7 . 0 7 

10-4 19 . 66 1 9 . 02 46 . 18 

5x104 43 . 82 45 . 22 108 . 6 3 

10- 3 5l . 7 7  5 8 . 00 127 . 28 

5x10- 3 58 . 81 6 5 . 49 1 3 7 . 7 8 

10- 2 69 . 0 5 7 3 . 28 1 7 9 . 49 

* 
ACT I V I TY . 

M I C ROSOMES  

0 . 0  

2 . 39 

5 . 82 

26 . 50 

45 . 58 

1 0 0 . 13 

1 1 2 . 34 

1 2 2 . 13 

1 5 2 . 30 

* Dni ts are nanomoles acetylthiocholine iodide hydrolysed/mg protein/minute . 
Data shown are mean value s of two �xperiments . 

CYTOSOL 

0 . 0  

0 . 68 

2 . 4 1  

9 . 64 

1 7 . 20 

35 . 09 

4 l . 9 5  

5 4 . 6 3 

7 2 . 2 1 

� 
. 
I-' 
o 
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4 . 10 

FIG 4 . 10 

ACT I V I TY OF CHOL I N ESTERASE ENZYME OF  TAENIA OVI S 

I N  RELAT I ON TO SUBSTRATE CONCENTRAT I ON .  

SPEC I F I C ACT I V I TY = NANOMOLES AC ETYLTH I OCHOL I NE 

I OD I DE HYDRO L I ZED/MG . PROTE I NI 

M I  NUTE . 

0 0 = HOMOGENATE . 
• • = NUCLEAR FRACT I ON . 
6.- -6 = M I TOCHONDR I AL F RACT I ON .  
... ... = M I CROSOMAL F RACT I ON . 
0-- . --0  = CYTOSOL FRACT I ON .  
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TABLE 4 . 11 

I NFLUENCE  O F  S UB STRATE ON THE CHOL I NESTE RASE  S P EC I F I C  ACT I V I TY O F  HOMOGENATES AND FRACT I ON S  
OF  DOG L I VE R  
BUFFER  
SUBSTRATE 
TEMP E RATURE 

Phosphate O . lM pH 8 . 0  

- Acetylthiochol ine iodide 
• 

Incubation a t  37C for 5 minutes 

SUB STRATE , 
. -/ CHOLI  NESTERASE SPEC  I F I C ACT I V I  TV 

* 
CONC E NTRAT I ON 

. 1'1 HOMOGENATE NUCLE I M I TOCHOND R I A  M I C ROSOMES  

10- 6 0 . 0  0 . 0  0 . 0  0 . 0  

5xl0- 6 2 . 20 1 . 11 0 . 0  0 . 0  

10- 5 7 . 68 4 . 45 6 . 9 2 2 . 5 7 

5xl0- 5 14 . 2 7 28 . 9 1 20 . 7 7 4 3 . 6 3 

10- 4 25 . 24 35 . 59 3 1 . 15 7 1 . 8 6  

5xl 0- 4 43 . 90 7 1 . 1 7  5 1 . 9 2  1 2 8 . 3 3 

1 0- 3 59 . 2 7 8 3 . 40 76 . 15 1 5 3 . 99 

5xl0- 3 104 . 2 7 141 . 2 3 1 9 3 . 85 2 6 6 . 9 2 

10- 2 12 7 . 32 239 . 09 2 6 3 . 08 349 . 05 

* Uni ts are nanomoles acetylthiocholine iodide hydrolysed/mg protein/minute . 

CVTOSOL 

0 . 0  

0 . 0  

1 .  6 5  

9 . 88 

16 . 46 

24 . 70  

3 6 . 2 2 

80 . 6 7 

1 2 5 . 12 
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ACT I V I TY OF  CHOL I NESTERASE ENZYME OF  DOG L I VE R  

I N  R ELAT I ON TO SUBSTRATE CONC ENTRAT I ON .  

SPEC I F I C  ACT I V I TY = NANOMOLES ACETYLTH I OCHOL I NE 

I OD I DE HYDROL I ZED/MG . PROTE I NI 

M I NUTE . 

o 0 = HOMOGE NATE . 

• • = NUCLEAR F RACT I ON . 

o.- _ -£j  

= M I TOCHONDR I AL F RACT I ON .  

= MI CROSOMAL FRACT I ON .  

= CYTOSOL F RACT I ON .  
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4 . 12 

FIG 4 . 1 2 

L I NEWEAVER BU R K  PLOT FOR THE HYDROLYS I S  O F  

AC ETYLTH I OCHOL I NE I OD I DE B Y  CHOL I NE STERASE 

F ROM HOMOGENATE AND F RACT I ONS  OF MONIEZIA 

BUFFER  - PHOS PHATE 0 . 1  M pH 8 . 0  

TEMPERATURE - I NCUBATED AT 3/C FOR 5 M I N .  

o 0 = HOMOGENATE . 

�-- --6 = M I TOCHONDR I AL F RACT I ON .  
• • = M I CROSOMAL F RACT I ON .  

o- e -{]  = CYTOSOL F RACT I ON .  

v = SPEC I F I C  ACT I V I TY = n MOL . AC ETYLTH I OCHO­

L I N E I OD I DE HYDROLYZED/MG . PROTE I N/M I N . 

S = SUBSTRATE CONCENTRAT I ON (mM ) . 

K Tn FOR CHOL I N ESTERASE ACT I V I TY OF HOMOGENATE 

AND FRACT I ONS OF MONIEZIA 

PREPARAT I ON 
-d 

Vmax 10 Km ibM 

HOMOG E NATE 27 . 0  10 . 28 

M I TOCHONDR I A  29 . 4  8 . 43 

M I C ROSOME 21 . 7  2 . 12 

CYTOSOL 10 . 2  1 . 48 
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4 . l 3 

FIr.  4 . 1 3  

L I NEWEAVER BURK  PLOT F O R  THE HYDROLYS I S  OF  

AC ETYLTH I OCHOL I NE I OD I DE BY CHOL I NE STERASE 

FROM HOMOGENATE AND F RACT I ON S  OF  TAENIA OVI S 

BUFFER  - PHOS PHATE O . IM pH  8 . 0  
• 

TEMPERATURE - I NC UBATED AT 37C FOR 5 M I N .  

o 0 = H9MOG ENATE . 

• • = NUCLEAR FRACT I ON .  
6- -6. = M I TOCHONDR I AL F RACT I ON .  

• • = M I CROSOMAL FRACT I ON .  

0- - -0  = CYTOSOL FRACT I ON .  

v = SPEC I F I C  ACT I V I TY = n MOL . ACETYLTH I OCHO­

L I N E I OD I DE  HYDROLYZED/MG . PROTE I N/M I N .  

S = SUBSTRATE CONC ENTRAT I ON CmM) . 

Km FOR CHOL I NE STERASE  ACT I V I TY OF  HOMOGENATE 

AND FRACT I ONS  O F  l�ErHA Q�IS 

PRE PARAT I ON 
-d 

Vmax 10 Km 16M 

HOMOG ENATE 71 . 4  2 . 86 

NUC LEAR 76 . 9  3 . 54 

M ITOCHONDR I A  142 . 9  2 . 14 

M I C ROSOME 142 . 9  2 . 21 
CYTOSOL 55 . 6  2 . 33 
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4 . 14 

F Ir.: 4 . 1 4  

L I NEWEAVER BU R K  PLOT FOR  THE HYDROLYS I S  OF  

AC ETYLTH I OCHOL I N E I OD I DE BY CHOL I NE STERASE 

FROM HOMOGENATE AND F RACT I ON S  OF  DOG L I VE R 

BUFFER  - PHOS PHATE O . lM pH 8 . 0  
TEMPERATUR E  - I NCUBATED AT 3ic FOR 5 M I N . 

o 0 = HOMOG E NATE . 

• • = NUCLEAR FRACT I ON .  

6-- � = M I TOCHONDR I AL FRACT I ON .  

• A = M I C ROSOMAL F RACT I ON .  

0- - -0 = CYTOSOL FRACT I ON .  

v = SPEC I F I C  ACT I V I TY = n MOL . ACETYLTH I OCHO­

L I NE I OD I DE HYDROLYZED/MG . PROTE I N/M I N .  

S = SUBSTRATE CONCENTRAT I ON (mM ) . 

Km FOR CHO L I NESTERASE  ACT I V I TY O F  HOMOGENATE 

AND FRACT I ONS  OF DOG  L I VER  

PRE PARAT I ON 
-2 

Vmax 10 Km 16M 

HOMOGENATE 71 . 4  1 . 96 

NUCLEAR 111 . 1  1 . 78 

M I TOCHONDR I A  90 . 9  I . 73 
M I CROSOME 200 . 0  1 . 80 

CYTOSOL 37 . 0  1 . 37 
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To enable comparison of Km values , the above information is summari sed 

in (Table 4 . 12 ) . 

It should be noted that Km values for all kinetic studies were 

ca lculated from data using substrate concentrat.ions in the range of 

5 x lO_
5
M to 5 x la- 3

M.  In some cases there were deviations from 

linearity of the Lineweaver-Burk plot at higher substrate concentrations 

such that the enzyme was apparently not saturated even at la- 2M :  

such points were excluded in the present analysi s .  

4 . 4 . 2  

(a ) C h o l i n e s t e r a s e  a c t i vi t y  o f  h e l mi n t h h om o g e n a t e s  

The chol inesterase activity of various species and ti ssues i s  shown in 

Table 4 . 13 .  Among the nematode materials , the head portion of A .  suum 

showed the greatest rate of cholinesterase activity ( 0 . 76 n mol/mg/min) 

which is  more than three times that shown by the muscle portion of 

the same worm ( 0 . 2 4  n mol/mg/min) . The hydrolysis rate of homogenate 

from entire A .  galli (0 . 56 n mol/mg/min ) falls into an intermediate 

position . It is clear however , that Tri churis has the highest rate of 

chol inesterase activity of the nematodes examined . 

Among the tapeworm material , a strikingly high rate of 13 . 47 n mol/mg/min 

is displayed by brood capsules and scolece s of Echinococcus whereas the 

cyst fluid had a h i g h  degree of activity and no activity was detected 

from the cyst membrane . The rate for T. ovis ( 3 . 69 n mol/mg/min ) 

appeared about sixty per cent higher than that of T .  h y da t i g e n a  

( 2 . 2 5 n mol/mg/min) • 

4 . 4 . 2  

(b) In h i bi t i on o f  h e l m i n t h  c h o l i n e s t e r a s e  

In the fol lowing section the inhibition effect of various drugs is 

assessed from their ' I SO' value s .  This value is  defined as the molar 

concentration of the antagonist which reduces by 50 per cent the 

act ivity of the test tissue as compared with the drug-free controls . 

This value was calculated from a Probit transformation of the 

percentage inhibition to give an approximately linear ' dose-probit 



4 . 1 2 

TABLE 4 . 1 2  

M I CHAE L I S CONSTANiS O F  CHOL I N E STERASE O F  HOMOGENATE S 

AND FRACT I ONS  O F  MONIEZIA / TAENIA OYIS AN D  DOG L I VE R  

K� ( 10-4 
M) 

PR E PA RAT I ON 
MON I EZIA I.QYIS DOG L I VE R  

HOMOGENATE 10 . 28 2 . 86 l .  9 6  

NUCLE I - 3 . 54 l .  7 8  

M I TOCHONDR I A  8 . 4 3  2 . 14 l .  7 3  

M I CRO SOMES 2 . 12 2 . 2 1 l .  8 0  

CYTOSOL l . 48 2 . 3 3 l .  3 7  

1 39 
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TABLE 4 . 13 

RATE O F  S UBSTRATE HYDRO LYS I S  BY CHOL I NESTE RASE I N  

HOMOGENATE S O F  VAR I OUS WORMS 

En zyme Hydrolys i s  rate (n mol/mg wet we ight/min )  
source Mean S . E .  No . of experiments 

Ascaris suwn 0 . 7 6 5 0 0 0 . 0 1 8 0 0  2 2  
(head portion) 

Ascaris suwn 0 . 2 4 5 6 0  0 . 0 1 0 0 0  2 5  
(muscle) 

Ascaridia gal li 0 . 5 6 3 8 9  0 . 0 2 4 9 2  1 8  

Trichuris ovis 1 . 0 9 9 6 0  0 . 0 1 9 5 7  2 5  

Echinococcus 1 3 . 4 7 8 6 7  0 . 1 1 1 9 1  1 5  
(brood capsule s 

& sco leces ) 

Echinococcus 0 . 1 5 6 0 0 0 . 0 0 1 4 1  1 8  
(cy s t  fZuid) * 

Echinococcus 0 . 0 0 0 0 0  - 3 
(cyst menbrane) 

Taenia ovis 3 . 6 9 3 6 4  0 . 0 8 1 5 8  7 7  

Taenia 2 . 2 5 6 8 5 0 . 0 3 5 3 6  7 3  
hydatigena 

* Hydrolysis rate expressed in u Moles/ml/minute . 
Substrate concentration 0 . 0 75 Moles of ace tylthiocholine in 0 . 1  M 
phosphate buffer pH 8 . 0  at 37C .  

140 



4 . 4 . 2  

response l ine ' which was then fitted by the method of least squares .  

The data are reported in both tabular and graphic forms in Figs . 

4 . 15 to 4 . 2 2 . The overall information with respect to all the 

inhibitors and worm tis sues employed is summarised in , Table 4 . 14 .  

4 . 4 . 2  

( c )  In h i b i t i on of Ascaris., Ascaridia a n d  Trichuris 

Results with eserine , pyrantel and levamisole for head and muscle 

of Ascari s are presented in Fig . 4 . 15 and 4 . 16 and it can be seen 

that eserine is the most powerful inhibitor , with an I SO value of 

4 . 56 x 10-6M for both homogenates . The two anthe lmintics also exhibted 

inhibi tory effects and their I S O values ( 1 . 70 x 10-4. M and 2 . 04 xlO-4M) 

were essentially the same when tested on the head portion . Moreover , 

pyrante l appears only slightly less active on muscle cholinesterase 

than on that from the head region but with respect to levamisole , the 

muscle enzyme appears about four t imes more resistant to inhibition . 

Us ing homogenates made from complete Ascari dia worms , eserine was 

again the most potent of the three drugs tested , having its IS O 

in the 10-7M range . Levamisole proved the second most potent 

(IS O = 2 . 2  x 10-4M) and pyrantel the least . This order of potency is  

the reverse of that for Ascari s . However the range of ISO for the 

anthelmintics , is quite smal l ,  amounting at the most , to a four- fold 

difference (Fig . 4 . 17 ) . 

Tri churi s chol inesterase ( Fig . 4 . 18 )  was also highly susceptable to 

eserine but levamisole proved to be the second most potent inhibitor 

with an ISO about five t imes less than that of pyrantel . 

4 . 4 . 2  

( d )  I n h i b i  t i on of Eohinooooous . 

The effect of the. three inhibitors on the materials derived from the 

Echinococcus are shown in Figs 4 . 19 and 4 . 20 .  Eserine was again the 

most potent inhibitor , the di fference� in ISO between fluid and sol id 

material was on ly three fold , and the ran�es overlapped .  With dapsules 

and scoleces , pyrantel and levamisole had virtually identical effects 

141 



TABLE 4 . 1 4 

I N  V I TRO I NH I B I T I ON OF  CHO L I NESTE RASE  I N  H��OGENATES  OF  VAR I O US WORMS BY DRUGS 

DRUGS 

A .  suwn A .  suwn 
(head) (muscZe) 

E s e rine - 6 4 . 5 6 x 1 0  4 . 5 6 x 1 O- 6 

Levami s o 1e - 4  2 . 0 4x 1 0  
- 4  7 . 8 5 x l O  

Pyran te 1  - 4  1 .  7 0 x1 0  - 4 2 . 1 4 x 1 0  

Moran te 1 

Dich 1 orvos 

Vi nco fos 

I
S O  ( M) 

A .  gaUi Trichuris ovis 

-7 
7 . 8 4 x 1 0  

- 7  
4 . 6 1 x 1 0  

- 4  
2 . 2 0 x 1 O  

- 5  
7 . 4 3 x 1 0  

-4 
7 . 4 5 x 1 O  

- 4  2' . 4 8 x 1 0  

Echinococcus 
E h '  c t.nococcus 

(brood capsu . 
(c st j7uid) & sco Zeces ) Y 

- 7 
2 . 6 7 x 1 0  

- 7  
5 . 6 5 x 1 0  

- 4  
3 . 8 2 x 1 0  - 4 6 . 1 3 x 1 0  

- 4 
3 . 0 1x 1 0  

- 4  
3 . 4 7 x 1 0  

T .  ovis T. hydatigena 

- 7 
2 . 6 8 x 1 0  - 7 

4 . 6 1x 1 0  

- 4 7 . 8 6 x 1 0  - 4 
5 . 7 0 x 1 0  

- 4 - 3 . 8 2 x1 0  

- 4 
2 . 3 3 x 1 0  - 4 

2 . 0 7 x1 0 

- 5 
3 . 9 4 x 1 O  - 4 

1 . 1 5 x 1 0  

- 5 1 . 8 6 x 1 O  
- 4  

3 . 1 9 x1 0  

I
SO 

i s  the concentration given 50% inhibition of cholineste rase , derived from obs e r vation- with at least : four concentrations 

or inhibi tor ove r a lOa-fold range . Each fi gure repre sents the response ove r seve ral dose leve ls wi th 3 to 7 expe riments 
at e ach leve l .  Probit trans formation of the % inhibition gave an approximate ly l i ne ar " dose -probi t response line " which 
was fi tte d by the me thod of least squares . Incubation with drug at 37 C for 5 min utes be fore adding ace tylthiocholine 
iodide , 

� . 
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4 . 15 

F I  G I 4 . 15 

EFFECT OF  I NH I B I TORS  ON THE HYDROLYS I S  O F  CHOL I NESTERASE 

FROM ASCAR I S  SU I S  (HEAD PORT I ON )  

NAME MOLAR % 
CONCENTRAT I ON 

10"" ' 

10-6 
ESE R I NE 

10- 5 

10- 4 

10- 5 

10- 4 
PYRANTEL 

10- 3 

10- 5 

1 0- 4 
LEVAM I SOLE 

10- 3 

I NH I B I T I ON* 

6 . 4  
19 . 2  

6 6 . 5 
9 1 . 0  

0 . 0 

4 0 . 0  

80 . 0  

0 . 0  

36 . 0  

7 8 . 7  

I 5 0 ( �n 

- 6 4 . 5 6xl0  
- 6 - 6 ( 2 . 2 0 xl0 - 9 .  4 6xl0  ) 

- 4 1 . 7 0xl0  
- 4 - 4 ( 1 . 10xl0  - 2 .  8 4xl0 ) 

- 4 2 . 0 4xl0  
- 4 - 4 ( 1 .  19x10  - 3 .  8 0xl0  ) 

* Each figure repre sents the mean of 3 to 7 experiments . Preincubation 
wi th drugs at 37 C was for 5 minutes be fore adding acetylthiocholine 
iodide . 
Figures in parentheses show 95% confidence limits for each I S O . 
The I S  was calculated from a Probit trans formation of the % 
inhib1�ion to give an approximate ly linear "dose-probit response 
l ine " which was fi tted by the method of leas t squares .  
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F I G  4 . 1 5 
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FIG .  4 . 16 

EFF ECT OF  I NH I B I TORS  ON  THE HYDROLYS I S  OF  CHOL I NESTERASE 

F ROM ASCAR I S  SUI S (MUSCLE ) 

NAME MOLAR % 
CONCENTRAT I ON 

10- 7 

10- 6 
ESER I NE 

10- 5 

10- 4 

10- 6 

10- 5 
PYRANTEL 

10- 4 

10- 3 

10- 6 

10- 5 
LEVAM I SOLE 

10- 4 

10- 3 

I NH I B I T I ON* 1 5 0 (M)  

11 . 9 

3 1 . 2  

5 7 . 6  

8 4 . 6  

0 . 0  

9 . 1  

3 8 . 0  

7 4 . 4  

8 . 4 
1 4 . 8  
3 2 . 7  

5 3 . 3  

- 6 4 . 5 6xl0  
-6 - 6 ( 0 . 6 3xl0  - 4 4 8 . 4xl0 

- 4 2 . 14xl0 
- 4 - 4 ( 1 .  3 8xl0  - 3 .  3 7xl0 ) 

- 4 7 . 8 5xl0  
- 4 - 4 ( 2 . 4 9 xl0  - 19 7 .  2xl0  

* Each figure repre sents the mean of 3 to 7 experiments . Preincubation 
wi th drugs at 37 C was for 5 minutes before adding acetylthiocholine 
iodide . 
Figures in parentheses show 95% confidence limits for each I SO . 
The I S was calculated from a Probit trans formation of the % 
inhibl�ion to give an approximately linear "dose-probit response 
line " which was fitted by the method of least squares . 



4 . 16 

z 
o 

I-

:r: 
z 

w 
(f) 
c:::t: 
0::: 
W 
I­
(f) 
w 
z 
...... 
...J 

� 

1 4 6  

FIG 4 . 16 
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FIG. 4 . 17  

EFFECT OF  I NH I B I TORS  ON THE  HYDROLYS I S  OF CHOL I NE STERASE 

FROM HOMOGENATE OF  ASCARIDIA GALLI 

NAME MOLAR 
CONCE NTRAT I ON 

1 0-7 

10- 6 
ESER I NE 

10- 5 

10- 4 

10- 6 

105 
PYRANTE L 

1 0- 4 

10- 3 

10- 6 

1 0- 5 
LEVAM I SOLE 

10- 4 

10- 3 

% I NH I B I T I ON *  

16 . 8  

5 9 . 6  

8 5 . 6  

9 3 . 3  

0 . 0  

8 . 4 
16 . 0  

5 9 . 7  

1 . 1  

10 . 0  
3 2 . 5  
7 6 . 8  

I 5 0 ( M)  

- 7 7 . 8 4 x10  
-7 - 7 ( l . 8 2x10  - 3 1 . 40x10  ) 

- 4 7 . 4 5x10  
. 

- 7 - 7 ( l . 3 7x10  - 5 7 . 9 x1 0  ) 

- 4 2 . 2 0 x10  
-4 - 4 ( O . 3 2x10  - 1 8 . 40x10  ) 

* Each figure rep�esents the mean of 3 to 7 experiments . Preincubation 
wi th drugs at 37 C was for 5 minute s before adding acety1thiocho1ine 
iodide . 
Figures in parentheses show 95% confidence limits for each ISO . 
The I SO was calculated from a Probit trans formation of the % 1nhibition 
to give an approximate ly linear "dose -probit response line " which was 
fi tted by the method of least squares . 
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4 . 18 

FIG. 4 . 1 8 

EFFECT O F  I NH I B I TORS ON THE HYDROLYS I S  OF  CHOL I NE STERASE 

FROM HOMOGENATE O F  TRICHURIS OVIS .  

NAME MOLAR % I NH I B I T I ON *  
CONCENTRAT I ON 

10- 7 2 4 . 5 
1 0-6 7 6 . 2  

ESER I NE 
1 0- 5 8 6 . 6  

1 0- 4 9 9 . 6  

10- 6 0 . 0  
10- 5 7 . 0  

PYRANTEL 
10- 4 3 4 . 5 

1 0- 3 6 9 . 1  

1 0-6 0 . 0  

10- 5 1 3 . 2  
LEVAM I SOLE 10- 4 5 3 . 2  

10- 3 9 3 . 1  

I s o (M )  

-7 4 . 6 1x10  
- 7 - 7 ( 0 . 32x10  - 4 9 . 9 0x10 ) 

- 4 2 . 4 8x10  
- 4 - 4 ( 0 . 1 1x 1 0  - 1 5 3 .  O x1 0  ) 

- 5 7 . 4 3x10  
- 5 - 5 ( 3 . 2 2 x1 0  - 1 7 . 1 0 x1 0  ) 

Figures in parentheses show 95% confidence limi ts for each I SO . The I S  was calculate d  from a Probi t trans formation of the 
% inh1gition to give an approximate ly linear "dose -probi t  response 
line " which was fitted by the method of least square s . 

* Each figure represents the mean of 3 to 6 experiments . Pre incubation 
wi th drugs at 3 7 · C  was for 5 minute s  be fore adding acetylthiocholine 
iodide . 
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FIG. 4 . 19 

EF FECT OF  I NH I B I T I ORS  ON THE HYDROLY S I S O F  CHOL I NESTERASE  
, . . . .. . . . 

F ROM ECHINOCOCCUS (BROOD CAPSULES AND SCOLECES ) 

NAME MO LAR  % I NH I B I T I ON *  1 5 0 (M )  
CONCENTRAT I ON 

10-7 2 1 . 5 
10-6 8 4 . 2  -7 2 . 6 7xl0  

ESER I NE 10- 5 9 3 . 3  ( 3 . 0 2xl0- - 4 
- 1 .  2 7xl0  

10-4 9 5 . 4  

10-6 0 . 0  
10- 5 4 . 2  

PYRANTE L 10- 4 2 8 . 7 

10- 3 7 2 . 9  

10-6 0 . 0  
10- 5 3 . 3  

LEVAM I SOLE 10- 4 2 7 . 0  

10- 3 7 9 . 3  
10- 2 8 8 . 6  

-4 3 . 0 1xl0  
( 2 . 4 5x l 0-4

- 3 . 7 1xl0- 4 ) 

- 4 3 . 8 2 xl0  
- 4 -4 ( 0 . 72xl0  - 1 8 . 7 4xl0  

* Each figure repre sents the mean of 3 to 4 expe riments .  Preincubation 
with drugs at 37 C was for 5 minutes before adding acetylthiocholine 
iodide . 
Figures in parentheses show 95% confidence limits for each I SO . 
The I

S O 
was calculated from a Probit trans formation of the % 

inhib1tion to give an approximately linear "dose -probit response 
line " which was fitted by the method of least squares . 
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FIG  4 . 1 9 
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EI G·, 4 . 2 0 

EFFECT O F  I NH I B I TORS  ON THE HYDROLYS I S  O F  CHOL I NE STERASE 
. . 

FROM ECHINOCOCCUS ( CYST F LU I D ) 

NAME MOLAR 
CONC ENTRAT I ON % I NH I B I T I ON *  

10- 7 1 8 . 3 
10-6 6 9 . 9  ESER I NE 
10-5 8 8 . 9 '  
10- 4 9 6  .. 0 

10-6 1 . 0  
10-5 7 . 6  PYRANTEL 
10- 4 2 4 . 4 
1 0- 3 70 . 8  

10-6 0 . 0  
10- 5 4 . 6  

LEVAM I SOLE 10- 4 19 . 5 
10- 3 5 9 . 9  

I 5 0 (M) 

- 7 5 . 6 5x10  
-7 - 7 ( 1 . 0 3x10  - 2 7 . 8x10 ) 

- 4 3 . 4 7x10 
-4 - 4 ( 1 . 3 2x10 - 9 .  5 9x10  ) 

-4 6 . 13x10  
- 4 - 4 ( 3 . 6 6xlO - 10 . 4xlO ) 

* Each figure represents the mean of 3 to 7 experiments . Preincubation 
wi th drugs at 37 C was for 5 minutes be fore adding acetylthiocholine 
iodide . 
Figures in parenthe ses show 95 % confidence limits for each I SO

. 
The I SO was calculated from a Probit trans formation of the % 
inhibl. tion to give an approximately linear "dose-probit response 
line " which was fitted by the method of least square s . 
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but with fluid , levamisole appears less potent although the ranges 

overlapped and e ssentially the ISO: ' s  may be regarded as identical . 

4 . 4 . 2  

(e) I n h i b i  t i on of T. ovis worms 
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In experiments with T .  avi s  and T.  hydatigena , the range af inhibitors 

was extended to include the organophosphorus taeniacides , dichlorvos and 

vincofos . The results for T. avi s are presented in Fig . 4 . 2 1 .  Eseripe 

again proved the most potent inhibitor with its ISO in the 10-7M range 

and levamisole was the weakest drug tested . Morante l ' s  potency lay 

between levami sole and that of dichlorvos and vincofos . In terms of 

inhibitory potency the order of the drugs was e serine » and dichlorvos 

> morantel and levamisole . 

4 . 4 . 2  

(f) I n h i b i  t i o n o f  T. hydatigena worms . 

Results with T .  hydatigena are presented in Fig . 4 . 2 2 .  Eserine again 

proved the most e ffective inhibitor exhibiting a potency similar to 

that recorded with all other tis sues . All the anthelmintics exhibited 

similar ISO val�es and as can be seen from the graph (Fig . 2 2 )  all the 

ranges overlapped . 

4 . 4 . 2  

(g) T h e  e ffe c t  of Di c h l a r va s  a n d  Vi n c o f o s  on T. ovis a n d  

T. hydatigena 

To enable easy comparison , the data previously recorded for T .  avi s 

(Fig . 4 . 2 1 )  and T .  hydatigena (Fig . 4 . 22 )  are summarised in Fig . 4 . 2 3 .  

I t  can be seen that the two organophosphorus compounds are more potent 

inhibitors of T. ovi s chol inesterase than that of T. hyda ti gena . 

4 . 4 . 2  

(h) B f fe e t  o f  e s e r i n e ' o n  h om o g e n a t e  a n d  s u b e e J J u l a r  

fra c t i  o n s  of T. ovis 

Subcellular fractions from homogenates of T .  ovi s were prepared as 

for Section 4 . 3 . 2and the e ffects of eserine examined over a range of 
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FIG.  4 . 2 1 

EFFECT  O F  I NH I B I TORS ON THE HYDROLYS I S  O F  CHOL I NE STERASE 

F ROM HOMOGE NATE OF TAENIA OYIS 

NAME MOLAR % 
CONCENTRAT I ON 

10- 7 

106 
ESE R I NE 

10- S 

10- 4 

10-S 

10- 4 
MORANTE L 

10- 3 

10-2 

10-6 

lO S 
LE VAM I SOLE 

10- 4 

10- 3 

10-S 

Sxl0- S 

D I CHLORVOS 10- 4 

1 0- 3 

10-2 

10-S 

Sx10-5 

VI NCOFOS 10- 4 

10- 3 

10-2 

I NH I B I T I ON* 

2 1 . 3 
8 3 . 1  
9 6 . 0  
9 7 . 3 

6 . S  
3 8 . 7 
79 . 2  
9 3 . 7  

0 . 0  
4 . 4  

16 . 1  
S 6 . 4 

1 7 . 2  
S O . 3 
79 . 4  
9 8 . 6  

10 0 . 0  

3 8 . 0  
7 4 . 4 
8 1 . 9  
9 S . 6  

10 0 . 0  

I S O ( M) 

- 7 2 . 6 8xl0  
- 7 - 7 ( 0 . 2 Sxl0  - 2 S . 0 0 xl0  ) 

- 4 2 . 3 3xl0  
( 1 .  0 3x10- 4

- S .  2 8xl0- 4 ) 

- 4 7 . 86x10  

( 4 . 0  3xio- 4 
- IS . 7 0xl0- 4 ) 

- S 3 . 9 4xl0  
-S -S ( 2 . 2 4x10  - 6 . 89xl0  ) 

- 5 1 . 86xl0  
- S -S ( 0 . 7 0 xl0  - 3 . 2Sxl0  ) 

* Each figure rep�e sents the mean o f  3 to 7 experiments . Preincubation 
with drugs at 37 C was for S minutes be fore adding acetylthiocholine 
iodide . 
Figures i n  parentheses show 9S% confidence l imits for each I

SO . 
The I Sowas calculated from a Probit trans formation of the % 
inhibl. tion to give an approximate ly linear "dose -probit response line " 
which was fi tted by the me thod of least square s . 
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FIG 4 . 2 1 
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FI G . 4 . 2 2 

EF FECT OF I NH I B I TORS  ON THE HYDROLYS I S  O F  CHOL I N ESTE RASE 

F ROM HOMOGE NATE OF TAENIA HYDATIGENA 

NAME MOLAR % I NH I B I T I ON * 
CONCENTRAT I ON 

10- 7 10 . 2  
10-6 6 5 . 2  

ESER I NE 
10- 5 9 2 . 4  
10 4 9 7 . 0  

10- 6 0 . 0  
10- 5 3 . 9  

PYRANTE L 
10- 4 2 5 . 8  
10- 3 6 8 . 0  

10- 5 8 . 2  
10- 4 39 . 8  MORANTE L 
10- 3 80 . 7 
10-2 9 3 . 6  

10- 5 0 . 0  

LEVAM I SOLE 10- 4 11 . 2  
10- 3 5 7 . 0  
10- 2 9 5 . 5  

105 6 . 7  
1 0- 4 39 . 0  

D I CH LORVOS Sxl0- 4 8 7 . 7  
10- 3 9 3 . 1  
10- 2 9 7 . 1 

10- 5 7 . 7 
10- 4 3 1 . 0  

V I NCOFOS Sx10- 4 5 9 . 7  
10- 3 70 : 6  
10- 2 9 0 . 3  

I S O C M) 

- 7 4 . 6 1xl0  
- 7 - 7 ( 0 . 1 8xl0 - 5 . 0 6xl0  ) 

- 4 3 . 82xl0  
- 4 - 4 ( 1 . 9 3xl0  - S . 0 6 xl0 ) 

- 4 2 . 0 7xl0  
'
- 4 - 4 ( 0 . 9 7xl0  - 4 . 3 4xl0 ) 

" S . 7 0xl0- 4 

- 4 - 4 ( 0 . 1 8x10  - 36 1 . 2 x 1 0  ) 

- 4 1 . lSx10  
- 4 - 4 ( 0 . 42xl0  - 4 .  36xl0  ) 

' 
- 4 3 . 19xl0  

- 4 - 4 ( 1 . S 2x10 - 6 . 6 0x10  ) 

Data in pare nthes 8 s  show range of I 
O

. 
* Each figure represents the mean of j to 7 expe riments . 
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FIG 4 . 2 2 
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FIG, 4 . 2 3  

I NH I B I T I ON ( I 5 0 ) BY D I CHLORVOS (OPEN  SQUARES ) AND V I NCOFOS 

( FULL SQUAR ES ) OF THE CHOL I NESTERASE  ACT I V I TY TOWARDS 

HOMOG ENATES OF T,OVIS (BROKEN  L I NES ) AND T,HYDATIGENA 

(CONT I NUOUS L I NES ) , 

H ELM I NTH D I CH LORVOS 1 5 0 (M)  V I NCOFOS 1 5 0 (M)  

T,OYIS 
-5 3 . 9 4xlO -5 1 . 8 6xlO 

160 

-5 - 5 ( 2 . 2 4xlO - 6 . 8 5xlO ) - 5 - 5 ( 0 . 7 0xlO - 3 . 2 5xlO ) 

I,tJYDAIIGE�A 
- 4 1 . 15xlO 

- 4 - 4 ( 0 . 4 2xlO - 4 . 36xlO  ) 

- 4 3 . l9xlO 

- 4 - 4 ( 1 . 5 2xlO - 6 . 6 0xlO ) 

Figure s i n  parentheses show 95% confidence l imits for each I
S 

Probit trans fo�tion o�fhe % i nhibition of inhibitor concen�rations 
rangi ng from 10 M to 10 M, gave an approximately li near "dose-probit 
response line " . The line was fitted by the method of least squares and 
the I 

0 
e stimated from the equation for the line . 

-2 Resulfs were calculated from 3 experiments involving 10 M dichlorvos 
in T . hydatigena , and from 7 experirttents involving the remaining work . 
Preincubation with inhibitors at 3 7c was for 5 minutes prior to the 
addition of substrate . 
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FI G . 4 . 2 4 

EFFECT OF  E S E R I NE SAL I CYLATE ON THE HYDROLYS I S  OF  

CHOL I N E STE RAS E FROM HOMOG ENATE AND F �ACT I ONS  O F  

TAENIA OVI S 

% * 
I NH I B I T I ON 

PRE PARAT I ON MOLAR CONCE NTRAT I ON 

10- 7 5xl0- 7 10-6 1 0-5 

HOMOGENATE 2 2 . 1  6 9 . 5  86 . 6  9 4 . 2 

NUCLE I 2 4 . 0  7 0 . 6  8 7 . 0  9 5 . 0  

M I TOCHONDR I A  2 4 . 1  7 0 . 4  8 6 . 3  9 3 . 6  

M I CROSOME 2 2 . 6  66 . 7  8 2 . 2  9 0 . 3  

CYTOSOL 2 1 . 5  6 2 . 2  7 4 . 5  8 3 . 7  

I s O 

-7 2 . 5 0 xl0  
- 7 -7 ( 0 . 5 8xl0  - 12 . 42 xl0 ) 

- 7 2 . 2 9 xl0  
-7  - 7  ( 0 . 6 2xl0  - 10 . 5 1xl0  ) 

' - "I  2 . 30xl0  
-7  -7  ( 0 . 4 4xl0  - 1 2 . 2 5xl0 ) 

- 7 2 . 8 0xl0  
- 7 -7 ( 0 . 39xl0  - 16 . 5 8xl0  ) 

- 7 3 . 8 4xl0  
- 7 - 7 ( 0 . 3 1xl0  - 3 0 . 2 8xl0  ) 
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Figures in parentheses show 95% confide nce limi t for each I 
O

. 
The I

SO 
was calculated from a Probit tran s formation of the � inhibition 

to give an approximately linear "dose-probit response l ine " which was 
fi tted by the method of least squares .  
* Each figure represents the mean of three experiments . Incubation 
with eserine at 37 C for 5 minutes be fore adding acetylthiochol ine 
iodide . 
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concentrations 10- 71-1 - J O-SM .  The findings are reported in Fig . 4 . 24 .  

The eserine gave I S O values for homogenate ( 2 . 50 x 10- 7M) nuclei 

( 2 . 29 x 10-7M) mi tochondria ( 2 . 30 x 10- 7M) microsomes ( 2 . 80 x 10-7M) 

and cytosol ( 3 . 84 x 10-7M) . It can be seen from these data and from 

the graph (Fig.  4 . 2 4 )  that there i s  very little difference in e serine 

I SO values with homogenate and all cell fractions - particularly at 

the lowest 2 or 3 concentrations and in addition all the ranges 

overlap s igni ficantly . 
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4 . 5  

4 . 5 . 1 

D I S C U S S I O N 

S ub c e l l u l a r  d i s t r i b u t i o n o f  c h o l i n e s t e r a s e  

In order to understand throughly the possible functions of 

cholinesterase in tapeworms , more information on the subce llular 

di stribution of thi s  enzyme is required , since location and function 

are related . It was also fe lt that such distribution studies of 

cholinesterase might cast some light on the mode of action of drugs 

on these parasite s . 

Cholinesterases in various organisms are known to di f fer in activity 

as wel l  as in subce l lular distribution . The present study with fresh 

M .  expansa reveals the presence of a high activity of particulate 

cholinesterase within the mitochondrial fraction as we l l  as the 

microsomal fraction . In T .  ovi s  a high activity of chol inesterase 

was also found in the microsomal and mitochondrial fractions . Similar 

overall activities of choline sterase have been reported by Bueding 

( 195 2 )  working with Schis tosoma mansoni who also found highes t  

1 6 5  

activity i n  the whole homogenate and i n  a particulate fraction 

sedimenting at 18 , 000 rpm in one hour . Working with fractions of 

Ascari s suum , Knowles and Casida ( 1966 ) and Hutchinson and Probert ( 19 7 2 )  

also found most of the cholinesterase activity i n  particulate fractions . 

These findings suggest a distribution s imi lar to that found .with 

M. expansa and T .  ovi s  in the present work . 

By contrast , the high activity found in mitochondria from fresh 

M. expansa contrasts wi th the low activity of mitochondria from human 

rectus - abdominis muscle ( Smith et al . 196 3 )  lobster leg nerve and 

house fly head fractions ( Soeda et al . 1975 ) . However it has been pointed 

out by Smallman and Wolfe ( 1956 ) that the distribution of cholinesterase 

between particulate and soluble fractions of insect heads is dependant 

on p H,  becoming soluble in neutral homogenate s ,  but remaining with the 

particulate fraction at lower. pH . In contrast to fresh tissue , the 

mitochondrial fraction of frozen M. expansa showed the lowest cholinest­

erase speci fic activity of this tis sue . The di fference between the 

mitochondrial fractions of fresh and frozen M. expansa i s  undoubtedly 
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due partly to di fference s in the sedimentation properties of particles 

produced on homogenisation . The frozen tissue yielded a large amount 

of vis ible flocculant material on homogenis ation which remained in 

suspens ion at low-speed centri fugation but sedimented with the 

mitochondrial fraction . This material , absent from homogenates of 

fresh tis sue , may we ll have low cholinesterase activity and so di lute 
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the ' mitochondrial ' speci fic activity of the frozen ti ssue . Furthermore , 

the cholinesterase activity in the nuclear fraction was high in this 

frozen Moniezia , when compared to fresh Moniezia and T. ovi s , and may 

have acquired some of the activity sedimenting with the mitochondrial 

fraction from fresh tissue . The process of freezing and storing at 

-180e also resulted in an increase in the total and speci fic activity 

of cholinesterase in the soluble fraction of Moniezia suggesting that 

particulate enzyme had been solubi lised by the freez ing proce s s . 

It should be noted that the cholinesterase specifi c  activities of 

homogenates of fresh and frozen Moniezia showed no significant 

difference so that if Moniezi a is stored for 18 months at -180e , it 

retains its original cholinesterase activity . The freeze-dried 

homogenates of four species of schistosoma stored at - 160e have also 

been reported to retain cholineste rase activity for at least 2 years 

and that of the intact organisms stored at -300e remained constant for 

at least several months (Gear and Fripp , 1974 ) . The robustnes s  of 

some cholinesterases i s  further underlined by the findings of Keilin 

and Wang ( 19 4 7 )  who found that a 42 year-old sample of horse blood 

which was col lected aseptically and preserved in the dark at room 

temperature retained up to 85% of its original cholinesterase activity . 

The present work suggests that , although the total cholinesterase 

activity cf Moniezia is re latively stable to freezing and storage , 

frozen tissue cannot be used to study the subce llular distribution 

of the enzyme . 

4 . 11 . '  

The nonionic detergent , Triton X- lOO , has proved to be an exce llent 

agent for solubilizing a variety of enzyme s . Acid phosphatase , 
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ribonuc lease� deoxyribonuc lease , cathespin and B-glucuronidase activities 

were re leased quantitive ly from preparations of rat liver exposed to 

0 . 1 - 0 . 2 5 %  (v/v) Tri ton X- lOO (Wattiaux and de Duve , 1956 ; Shibko 

et al , 1965 ) . Acid phosphatase of lysosomal and microsomal fractions 

of F .  hepa tica was solubi lized when these two fractions were treated 

with 0 . 5% Tri ton X- IOO and then incubated at 370C for one hour ( Lwin , 

1974 ) . Cholinesterases in some tissues are also solubi lised by Triton 

X- lOO , such as the acetylcholinesterase from Torpedo e lectroplax 

( Elde frawi et al . 1972 ) . 

Often this solubilisation e f fect leads to an increase in enzyme activity . 

For example , the speci fic activities of cholinesterases of mitochondrial , 

microsomal and soluble fractions of adult A. suum were increased when 

treated with 1% Triton X- lOO ( Hu�chinson and Probert , 19 7 2 )  probably due 

to conversion of membrane-bound enzyme to a form with an increased 

catalytic activity . On the other hand , the acetyl-cholinesterase 

activity of both the soluble and particulate fractions of lobster nerve 

was inhibited after treatment with Triton X- lOO ( Soeda et al . 1975) 

although thi s  treatment consisted of storage rather than short-term 

incubation of the fractions . 

In the present work , the cholinesterase activity of homogenates and all 

subce l lular fractions of T. ovi swas increased s lightly but significantly 

by Triton treatment , and no marked inhibition by the detergent was 

apparent . By contrast ,  the treatment was without e ffect on the fractions 

i solated from fresh Moniezia , although a l l  fractions of frozen material 

were stimulated by the Triton incubation . It may be concluded that the 

e f fect of Triton X- IOO treatment in increasing the cholinesterase 

activity of subce l lular fractions from the species examined is small 

and variable . The discrepancy between thi s  work and that on A .  suum 

by ( Hutchinson and Probert , 19 7 2 )  who found up to 3- fold increases in 

activity wi th Triton treatment may be ascribed to the species diffe rence . 
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4 . S . 3  E f f e c t  o f  t e mp e r a t u r e  on c h o l i n e s t e r a s e  

Most enzymes demonstrate an increase i n  catalytic activity with rising 

temperature up to an optimum between 300C and 400C ,  decreasing at 

higher temperatures as the enzyme is denatured . Exceptions exist , such as 

some ribonucleases which can withstand temperatures up to lOOoC .  With 

respect to cholinesterases ,  the temperature optimum appears to vary 

considerably with the tissue of origin . 

Early studies on the temperature e f fect on cholinesterase were carried 

out by Abderhalden and Paffrath in 19 25 . They demonstrated that the 

cholinesterase in press-j uice of the small intestine of the pig was 

unaffected by heating at S S-S8oC for S minutes , suggesting a relative 

res istance to heat denaturation . Simi larly , the acetylcholinesterase 

from Bungarus fasci a t us venom , although showing its optimum temperature 

at 400C , sti ll showed approximately 8S%  of its maximum activity at S OoC .  

( Kumar and Elliott , 19 75b ) . In he lminth tissue , the cholinesterase 

activi ty of Fasci ola hepa tica homogenate was reported to be constant 

between 300C and 600C (Probert and Durrani , 19 7 7 ) . On the other hand 

Lee and Hodson ( 196 3 )  showed that the optimum temperature of cholinesterase 

of H .  con Lortus was as low as 390C , whi le that of S .  mansoni homogenate 

was reported as 370C , the enzyme being inactive at temperatures greater 

than 620C . (Gear and Fripp , 19 74 ) . In view of this variabi lity , i t  

seemed logical to study the re sistance o f  cholinesterase i n  tapeworms 

to e levated temperatures since this data are not avai lable in the literature . 

A high temperature optimum was obtained from homogenates and subcellular 

fractions of tapeworm tissues . The cholinesterase from the homogenate 

and three fractions of Moniezi a  showed temperature optima of SOOC and the 

homogenate and all fractions of T. ovi s showed optima at 600C . It appears 

that the cholinesterase from fract ionated homogenate of T .  ovis :is more 

heat stable than the cholinesterase of Moniezi a . All fractions were , 

however , inactive at 700C .  The study of similar fractions of dog l iver , 

inc luded for comparison , showed that , while homogenate , nuclear and 

microsomal fractions showed their expected optimum temperature at 400C , 

the mitochondrial and cytoso l fractions showed maxima at 600C like the 

T. avi s fractions . 
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Although it seems . at first s ight that tapeworms cholinesterase 

activities espec ially in T. ovi s � are re lative ly re sistant to heat , 

the same re si stance in some fractions of liver suggest that the 

technique used in the present work was affecting the results . The 

e f fect of high temperatures on enzyme activity i s  time dependant and 
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it is pos s ible that , even at denaturing temperatures ,  not much activity 

was lost in the short period of incubation ( 5  minutes )  used in thi s  

work . Alternative ly ,  protection by some material present in the 

preparation might account for the rather different temperatures 

of denaturation which have been obtained by various workers , as we l l  

a s  the high optima reported here . Such protection can be afforded by 

substrate : partially puri fied preparations o f  fly head cholinesterase 

heated to 540 - 550C in the presence of acetylcholine did not show 

loss of activity ( Dauterman et al . 1962 ) . Sodium choloride was 

simi larly observed to protect against heat denaturation (Wolfe and 

Smallman , 1956 ) . Possibly the medium in which fractions were incubated 

in the present work afforded some protection to denaturation . 

4 . 5 . 4  E f f e c t  o f  s ub s t r a t e  c on c e n t r a t i o n  

Chol inesterases from some sources and with some substrates are unusual 

in demonstrating maximum activity at one substrate concentration and 

decreased activity ( ' autoinhibition ' )  at higher concentrations 

(Augustinsson , 1948 ) . The re are various explanations for the mechanism 

of autoinhibition . The inhibition may result from the binding of exce s s  

substrate to the acetylated enzyme , ( Krupka and Laidler , 196 1 ;  Gear 

and Fripp , 1974 ) . Bre stkin et al . ( 1965 and 1966 ) gave their opinion 

that a decrease in the catalytic properties of the enzyme occurred as 

a re sult of a change in its structural con formation . 

An even more unusual e f fect was observed by Hutchinson and Probert ( 19 7 2 ) 

who found two peaks of maximum total cholinesterase activity of adult 

A .  suum extracts against acetylcholine , at lO- SM and lO- 2M •  A s imilar 

obse rvation of two peaks of maximum activity against acetylthiocholine 

iodide has been recorded wi th homogenates of F .  hepatica ( Probert and 

Durrani , 197 7 ) . They suggested that the two peaks were due to 

heterogeneity of the cholinesterases in thi s  preparation . 
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The concentration at which autoinhibition occurs depends on the substrate . 

The autoinhibition e f fect was seen when acetylcholine iodide , 

acetylthiocholine iodide , acetyl- e-methy lthiocholine chloride but not 

acetyl- e-methylcholine were hydrolysed by B .  fa sci a t us venom acetyl­

cholinesterase ( Kumar and Elliott , 1975a ) . Thiocholine esters need 

higher concentrations be fore autoinhibition is seen : using homogenates 

of adult female A .  l umbricoi des , Knowles and Cas ida ( 1966 ) found 

3 x lO- 3M) for acetylcholine iodide , propionylcholine p-toluene­

sul fonate and butyrylchol ine p-toluenesulfonate ; and 3 x 10-2M •  for 

acetylthiocholine iodide , propionylthiocholine iodide and butyryl­

thiocholine iodide . This may explain why no ma ximum was obtained in 

the pre sent study of acetylthiocholine hydrolys is by homogenates and 

subcellular fractions of Moni ezia , T .  ovis and dog liver , where the 

enzyme activity increased with the increasing substrate concentrations 

up to lO-2M .  

The possibility that the cholinesterases studied here might be inhibited 

by very high substrate concentration in exce s s  of 10- 2M remains unteste d .  

In this re spect , it is sign i ficant that the cholinesterase activity 

of the tapeworm T. taeniaeformi s showed an optimum substrate concentration 

at greater than 3 x 10-2M acetylcholine chloride (Eranko et al . 1968 ) 

with inhibition at 1 . 2  x lO- 1 M substrate . Gear and Fripp ( 19 74 )  also 

reported a high substrate optimum of 4 x lO_2M acetylcholine iodide for 

homogenates of S .  mansoni . 

Early workers suggested that exhibition of a substrate optimum , or 

maximum in the activity �pS curve , was a characterstic of ' true ' 

chol�nesterases (Augustinsson , 195 7 ) . In contrast , butyrylcholine 

hydrolysis by pseudocholinesterase shows no such autoinhibition (Adams 

and Whittaker ,  1949) . Such observations have been used to characterise 

other chol inesterases : Sanderson ( 1969)  concluded that the enzyme present 

in Nippostrongyl us appears to be a speci fic acetylcholine-easterase , 

since the a ctivity was reduced when the acetylcholine concentration was 

raised above an optimum of 2 x lO-2M ,  and because butyrylcholine and 

triacetin were both hydrolysed at a slower rate than acetylcholine . 
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On the other hand , some observations suggest that even ' true ' 

acetylcholine sterase activity can be increased by increasing the 

substrate concentrations higher than lO- 2M acetylchol ine . The study 

by Spie lhol z  and Van der Kloot ( 19 7 3 )  has shown that the acetyl­

cholinesterase of c rayfish musc le was lacking in exce s s  substrate 

inhibition . The acetylcholinesterase of lobster nerve , both soluble 

and particulate , increased wi th the increase in substrate concentration 

up to lO� M acetylthiocholine iodide ( Soeda et al . 1975 ) . Thus the 

observation that .the cholinesterase in the present study shows no 

substrate inhibition at high concentration cannot be taken as proof 

that these are of the ' pseudo ' choline s terase type . 

4 . 5 . 5  K i n e t i c  p a r a me t e r s  o f  c h o l i n e s t e r a s e s  

A review of the li terature revealed no available data on the substrate 

specificity and kinetic parameters of cholinesterases from Moni �zia or 

T .  ovis . The present comparison of subcellular fractions of these 

organisms and mammalian liver revealed that there were some differences 

between the fract ions of same species and also between the specie s . 

Very little can be concluded from the variations in Vmax in Figs 4 . 12 -

4 . 14 since the molar concentration of enzyme in each fraction are not 

known and high Vmax fractions may mere ly contain more enzyme . The 

highe r Vmax values obtained with T .  ovi s fractions , compared with those 

of Moniezia reflect the higher enzyme activity described in a previous 

chapter .  On the other hand , a Km value i s  characteristic o f  an enzyme 

and independent of its concentration so that comparison o f  Km values 

1 7 1  

is va lid . The� is little diffe rence in Km values between the homogenate 

and fract ions of T . ovi s and it could be suggested that , even though 

a s light con figurational difference in the enzyme is pos sible , there 

is no evidence from these data for the presence of more than one form 

of enzyme . The same conclus ion could be reached from the data on 

homogenate and fractions of dog live r .  However , there is large 

variation in Km values for Moniezia fraction s . The Km values of 

homogenate and mitochondrial fraction are much higher than those o f  

microsomal and cytosol fractions and it could be considered that there 
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is a different enzyme in the mitochondrial fraction with a lower 

affinity of the active sites for substrate . 

It is wel l  known , however , that the Mitchae lis-Menten constant is 

influenced by a number of factors , such as salt concentration ,pH , 

temperature and the physical state of the enzyme , ( i . e . )  whether 

bound or free . Kumar and E l liott ( 19 7 5 )  showed the e f fect of pH 

and temperature on Vmax and Km value s of acetylcholinesterase from 

B .  fascia t us venom . At high homogenate concentrations the c lumping 

of the cell membranes occurred , and this would tend to reduce the 

numbe r of active sites o f  particulate enzymes avai lable for the enzyme­

substrate reaction . This phenomenon could explain the variation in 

Km value s between fraction s  observed here . In thi s  case dilution of . 

the mitochondrial fraction to minimise membrane interactions may 

have yielded a lower Km value , as sugges ted by Gear and Fripp ( 19 74 )  

for another system . 

4 . 5 . 6  T o t a l  c h o l i n e s t e r a s e  a c t i v i t y  o f  w o r m  h om o g e n a t e s 

The va lue of 0 . 2 46 n moles/mg/min for the activity of A .  suum muscle 

agrees wi th that o f  Bueding ( 19 5 2 )  who found a mean activity 

equivalent to 0 . 208 n moles/mg/min in A .  l umbricoi des muscle (assuming 

dry weight to be one sixth of wet wei ght ) . The value reported by Hart 

and Lee ( 1966 ) for A .  suum is s lightly higher at 0 . 32 n moles/mg/min 
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as it that of Polyakova ( 19 6 7 )  at 0 . 40 n moles/mg/min , but the data 

published by Knowles and Cas ida ( 1966 ) Mel ikhova ( 1970)  and Hutchin and 

Probert ( 1972 ) on this species cannot be converted into comparable units . 

In the present study , the cholinesterase activity in the homogenate of 

head portions of pig Ascaris showed higher enzyme activities than 

muscle homogenates . This i s  confirmed by the work of Lee ( 1962 )  and 

Knowles and Casida ( 1966 ) and is explained on the bas i s  of the nerve 

ring in the head portion . Znidaric ( 1967 )  has shown histochemically 

that the anterior portion of the worm which contains the senses and the 

nerve ring around the oesophagus also contains higher enzyme activity . 
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The mean chol inesterase activity of A .  gai i i ( 0 . 56 n moles/mg wet weight/ 

min )  in the present study is only s lightly higher than that of 0 . 4 7 

units reported by Polyakova ( 1967) , and the latter lies within our 

range of observations on thi s  species .  

In the case of Trichuri s ovi s ,  the present mean value of 1 . 09 units 

is somewhat higher than the 0 . 70 units found by Hart and Lee ( 1966 ) 

using ace1y1cho1 ine perchlorate as substrate . The discrepancy might 

be due to the technique of blotting the surface moisture from the 

thawed worms , which influences wet weight . 

The fre sh-weight acti vi ty of our present study of broo.f!I capsules and 

scoleces of E .  granuiosus was 1 3 . .48 n mol/mg fresh weight/min , which 

is appreciably di fferent from the value of 16 . 19 n mol/mg dry weight/ 

min derived from the data of Schwabe et a i . ( 19 6 1 )  on the same tissues 

from bovine cysts . However , the conversion factor for dry weight to 

wet weight is not avai lable for this tissue , so that an exact comparison 

cannot be made . Schwabe comments that these activities are high 

because brood capsules and scoleces contain contractile e lements for 

motor activity and thus possessed cholinesterase . The h i g h 
cholinesterase activity in cyst fluid of E .  granuiosus can be 

explained on the basis of the presence of germinal cells . 

The present work constitutes the first report of cholinesterase 

activities in the two tape worms , T. ovis and T . hyda ti gena , and it i s , 

of interest to compare the values found ( 3 . 7 and 2 . 3  n moles acetyl­

thiocholine/mg wet we ight/minute re spective ly ) wi th those reported for 

other spec ie s .  Using a manometric method based on CO2 evolution , 
Py1kko ( 1956b )  has reported values for the tapeworm D . l a t um whose mean 

converts to 2 . 45 n mole s acetylcholine/mg wet weight/min , assuming the 

dry weight of this worm is one s ixth of the wet weight . The 

cholinesterase activity of the tape worm of the cat , T .  taeniaeformi s 

has been measured by Eranko e t  al . ( l968)  against acetylcholine 

chloride and acetyl- S-methylcholine chloride and when converted to units 

comparable with the present work , thi s  gave activities in the ranEJe 



4 . 5 . 7  

2 . 60 - 3 . 35 n mol/mg/minute . The present data ore thus in good agreement 

with that of other species of tapeworm . 

4 . 5 . 7 The e f f e c t  o f  i n h i b i t o r s o n  h e l m i n t h  � h o 1 i n e s t e r a s e s 

There are no reports available in the lite rature on the effects of 

inhibitors on the cholinesterases of T . ovi s and T. hyda tigena . Only a 

174 

few workers have studied the inhibitory e f fect of e serine on cholinesterase 

from Ascari s ( Bueding , 195 2 ;  K nowles and Casida , 1966 ; Hutchinson and 

Probert , 19 7 2 ) dichlorvos on adult female A .  l umbricoides sections ( Knowles 

and Casida , 1966)  and eserine on brood capsule and scolece s of Echinococcus , 

( Schwabe et a l . 196 1 ) . In our present study , the percentage inhibition 

and I SO of eserine , pyrantel ,  morante l ,  levamisole , dichlorvos and 

vincofos on the choline sterases of T .  ovi s ,  T. hyda tigena , brood capsules 

and scoleces and cyst f luid from Echinoccus , muscle and head portions 

from A .  suum ,  A .  gal l i  and Trichuris ovi s are reported . 

4 . 5 . 7 .  

(a ) E s e r  i n e  

The 150 for eserine action on the homo�enates of the worms tested ranged 

from 7 . 84 x lO- 7M in A .  gal l i  to 2 . 6 7 x lO- 7M in brood capsules and scoleces 

of Echinococcus e xcept for homogenates of A . suum which were much higher at 

4 . 56 x 10-6M for both head and muscle portions . Thus the cholinesterase 

from A , suum. was fQund .to�be less sensitive to eserine than homogenates 

of other worms . Bueding ( 19 5 2 )  has pointed out that A .  l umbricoides has 

les s  choline sterase activity than the Schi stosomes and the Fi lariae 

and that this explained why eserine does not sensitize Ascari s muscle to 

the e f fect of low concentrations of acetylcholine in vi tro , as reported by 

Baldwin and Moyle ( 1949 ) . The re latively low sensitivity of Ascaris 

cholinesterase to eserine has been reported previous ly . Knowles and 

-6 Cas ida ( 1966) found an e serine 150 in A .  l umbricoides of 3 . 94 x 10 M ,  

and added that enzymatic hydrolysis o f  choline and thiocholine esters 

by Ascari s esterases was relatively resistant to inhibition by eserine . 

Hutchinson and Probert ( 1972 ) reported 76% inhibition of cholinesterase in 

a soluble extract of A .  suum mu�cle by 10-5M e serine , which i s  higher than 

that found in the present study ( 5 7 . 6% ) . The discrepancy might be due 
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to the pre incubation period of 30 minutes at 3 70C in their work 

which was reduced to 5 minutes in our study . 

Lee and Hodsden ( 196 3 )  have shown that cholinesterase from the 

parasite nematode , H .  contortus is also re latively resistant to 

inhibition by eserine compared with cholinesterase from �heep 

erythrocytes and guinea pig erythrocytes and plasma . The percentage 

inhibition by eserine at 10-6M ,  10-5M and 10-4M in homogenates of 

H .  contortus (Lee and Hodsden , 196 3 )  were simi lar to the nematode 

parasite s  of A .  suum (musc le and head portion ) and A • . gal l i  

reported i n  the pre sent s tudy . 

Eranka et al . ( 1968 ) have studied the cholinesterase activity in the 

tape worm , T .  taeni4formi s both biochemically and histochemically . 

From their data on the inhibition by eserine salicylate of the 

chol inesterase from the worm homogenate , the approximate level for 50% 

inhibition was 10-6M against 0 . 0 3M acetyl- 6-methylcholine and 10-8M 

against 0 . 12 M butyrylcholine . Our mean values of I SO for 

l�. 

eserine on the cholinesterase from tape worm homogenates of T .  ovi s 

2 . 68 x 10- 7M) ; T .  hydati gena ( 4 . 6 1 x 10- 7M) , brood capsules and scoleces 

of Echinococcus ( 2 . 67 x lO- 7M ) , and cyst fluid of the latter ( 5 . 65 

x 10- 7M) lay between their results . Thi s  is reasonable since 

acetylthiocholine iodide , which is hydrolysed by both acetylcholin­

esterase and butytylcholinesterase , was used as substrate . Much lower 

inhibitions of homogenates of hydatid scoleces and brood capsules 

have been reported by Schwabe et al e ( 1961)  namely 32% and 86% 

at 10- 3M and 2 x 10- 3M eserine respective ly .  Although these authors 

comment themse lves that this inhibition is much lower than those 

reported for cholinesterases of other tissue s , there is no apparent 

reason for thi s  discrepancy with the present results and those of others . 

Comparison of the data in thi s  work with publish�d reports must be 

guarded , e3pecial ly when di fferent techniques and Sll)strates are used . 

To quote one extneme example , Bqbers and Pratt , ( 19 5 1 )  reported that 

the I SO for eserine on the cholinesterase from adult house fly head 
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was 2 . 3  x 10-6M after measuring acetylcholine bromide hydrolysis by 

the Ammon ( 19 3 3 )  technique . However , Soeda et al . ( 197S ) had 

reported that the ISO  for e serine of the cholineste rase from the 

same tis sue ( i . e .  house fly head) microsomes and soluble fractions 

were 8 . 2  x la- 11M and 8 . 4  x la-11M respectively with acetylthiocholine , 

using Ellman ' s  method . The se very different sensi tivities to eserine 

could be due to the difference in substrate used , the different method , 

or the dif ference in preincubation period with the inhibitor ( 30 mins 

by Soeda et al . and 2 mins by Babers and Pratt) . 

4 . S . 7  

(b) L e v a m i  s o l  e 

Levamisole , the l aevorotatory i somer of tetrami sole ( 2 , 3 , S , 6-

tetrahydro-6-phenylimidazo ( 2 , 1-b)  thiazole ( Hc l )  is known to be a 

broad spectrum anthelmintic . Some of the mechanisms of actions are 

direct action on ne rve ganglia , the inhibition of fumarate reductase 

in nematode preparations (Van den Bossche and Janssen 1967 , 1969 ; 

Van den Bos sche , 1 9 7 2 )  and inhibitions of cholinesterase activity 

(Eyre , 1970 ; Langer et al . 19 7 2 ; Vertinskaya et al . 197 2 ) . 

L-tetrami sole was at least 100 times less active as a cholinesterase 

inhibitor than e serine and is devoid of anticholinesterase effect on 

the inte stinal tis sues of rabbit (Van Belle , unpublished results 

quoted by Van Nueten , 1 9 7 2 ) . 

The values of ISO  for levami sole on the cholinesterase from the worm 

homogenates te sted varied between 7 . 86 x 10-4M in T .  ovi s  and 2 . 04 x 

10-4M in A .  suum (head portion )  except for Trichuris ovi s  in which it  was 

about ten times ( 7 . 4 3  x lO-SM) more sensitive than the other worms 

te sted . Vertinskaya et al . ( 19 7 2 )  reported that , 7 2 . 2 � of  the 

�holinesterase from A .  gall i was inhibited by 4 x la-3M of tetrami sole . 

This compares with 76 . 8% inhibition of the cholinesterase from the same 

species by la-3M levamisole in our study . However , Vertinskaya and co 

workers added that there was 26 . 8% inhibition in their first experiment , 

so the variation in the ir re sults was very wide . Langer et a l  . . ( 19 7 2 )  

pointed out that tetrami sole and piperazine were generally more e ffective 

choline sterase inhibitors than thiabendazole or parbendazole , but there 

were no data quoted in the paper . 

1 78 
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(c) p y ra n t e l  a n d  m o r a n t e l  

pyrante 1 and morante 1 ,  act as depolariz ing neuromuscular blocking 

agents in both vertebrates ( Eyre , 1970 ; Aubry et al , 1970 )  and 

helminths (Aubry et al . 1970)  are known to be broad spectrum 

anthe1mintic s . pyrante 1 also inhibits the choline sterase acti�ity in 

blood : the I SO for pyrante 1 on acetylcholinesterase activity of 

sheep erythrocyte ( ISO 3 . 16 x 10-SM) and on the butyrylcholine sterase 

of horse plasma ( I SO 10- 4M) has been reported by Eyre ( 19 7 0 ) . The 

I SO value s for pyrante 1 inhibition of cholinesterase in cyst fluid 

and homogenates of different worms tested in the present work were 

sl ightly higher , varying between 7 . 45 x 10- 4 in A .  galli and 1 . 70 

x 10-4M in A .  suum (head portion ) . Simi lar results were shown by 

morante l against the cholinesterase from homogenates of T .  ovi s  

( ISO 2 . 3 3 x 10-4M) and T .  hyda tigena ( ISO 2 . 07 x 10-4M) . It was 

seen that morante 1 ( ISO 2 . 07 x 10-4M )  was a slightly more potent 

cholinesterase inhibitor than pyrante l ( ISO 3 . 82 x 10-4M )  in the 

same species ( T .  hyda tigena ) . 

4 . 5 . 7  

(d) Orga n op h o s o r u s  c ompo u n d s  
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Organophosphorus compounds known to be the inhibitors of choline sterase 

also exhibit a toxic action on worms . Lee and Hodsden ( 1963 ) have 

demonstrated the cholinesterase inhibition by haloxon , trichlorphon , 

paraoxon and other compounds using enzyme sources from parasites 

(H . contort us and Trichuris ovis ) and blood of sheep and guinea-pig . 

Cholinesterases of nine parasitic nematodes from sheep and pig have 
been shown by Hart and Lee ( 1966 ) to be inhibited by the organo­

phosphate anthelmintic , haloxon . " E ffects of organophosphates including 

dichlorvos , trichlorfon and haloxon on A .  l umbricoides from pig have 

been examined by Knowles and Casida ( 1966 ) . Inhibition of 

chol inesterase in four species of Schistosomes and in mouse brain by 

dich1orvos and trichlorfon) have been reported by Bueding e t  al . 

( 19 7 2 ) • 
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In our pre sent studies , the percentage inhibition of cholinesterases 

of T .  ovi s and T. hyda ti gena by dichlorvos and vincofos with other 

inhibitors are as shown in Fig .  4 . 2 1 and Fig . 4 . 2 2 respective ly and I SO 

values for the two organophosphates are shown in Fig . 4 . 2 3 .  The 

inhibition by dichlorvos of adult female A .  l umbricoides anterior 

section using acetylthiocholine iodide as substrate ( I SO 2 . 5 1  x 10- 7M) 

reported by Knowles and Casida ( 1966 ) is lower than the se results 

using homogenates of T. ovi s and T .  hyda ti gena( I SO values ranging from 

1 . 9  x 10- SM to 1 . 2  x 10-4M) . The I SO values for the same inhibitor 

of the cholinesterase enzyme of S .  mansoni and S .  haema tobi um (mixed 

sex )  were between 7 . 5  x 10- 7M and 3 x 10-6M ( Bueding et a l . 1972 ) . 
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The higher inhibitory potency of dichlorvos shown in the ir results may 

be due either t,o the species di ffe rence or the di fference in pre­

incubation period with inhibitors . The pre incubation time of worm 

homogenate with inhibitor be fore addition of substrate was 20 minutes 

(Knowle s and Casida , 1966 ) and 90 minutes ( Bueding et a l . 19 72 ) , compared 

with 5 minutes in the present work . 

It i s  noteworthy that both organophosphates proved to be much more 

potent anticholinesterases in T .  ovi s than T .  hyda tigena dichlorvos 

was about seven time s  and vincofos about e leven times more e ffective 

against the former tapeworm . 

A pre liminary report of the histochemical and biochemical studies with 

the cholinesterase of Moniezia and T .  ovi s from the present work has 

been publ ished in abstract form ( Soe , Forbes and Greenway , 197 7 )  a 

copy of this abstract i s  attached (Addendum A ) . 
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Histochemical studies wi th acetylthiocholine and butyry lthiochbline 

revealed cholinesterase in the teguments , nerves , ganglia , genital pores 

and cirrus sacs of Moniezia and Taenia ovis and also in the interpro­

glottid glands of Moniezia . Enzyme activity was inhibited by eserine 

( lO-5M) and the organophosphorus anthe lmintics dichlorvos ( la- 3M) and 

vincofos ( la- 3M) . 

The Speci fic Cholinesterase Activity ( S . C . A) for homogenates of freshly 

collected Moniezia was 6 . 3  nanomoles of acetylthiocholine hydrolysed per 

minute per mi lligram of protein . No los s of cholinesterase potency 

occurred in worms frozen at - lBoC for 2 1  months . 

The S . C . A .  ( 5 1 . 1 )  for fresh T .  ovi s was strikingly higher than that of 

Moni ezia and there was no s igni ficant difference in rate of hydrolys i s  

(on a wet weight bas i s )  from fre sh worms and those frozen for 6 months . 

Fractions of fresh Moniezia showed S . C . A . ' s  of , 4 . 6  for nuclei , 1 3 . 5  for 

mitochondria , 105 for microsomes and 2 . B  for cytosol . Pretreatment with 

Triton X- lOa did not signi ficantly alter cholineste rase activity . With 

frozen material however ,  the S . C . A ' s of homogenate and the 4 fractions 

were all signi ficantly increased by Triton and the distribution of 

activity between the fractions was altered from that of fresh material 

(nuclei 12 . 7 ,  mitochondria 7 . 1 ,  microsomes 15 . 5 ,  cytosol 7 . 7 .  

The S . C . A . ' s  of homogenates and fractions of frozen Moniezia and fresh 

T. ovi s  increased with substrate concentrations over the range examined 

( i . e . )  10-6 to la-2M acetylthiocholine . 
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5 . 0 I N T RO D U C T O RY R E M A RK S  

1 8 1  

A considerable volume o f  experimentat evidence exists - involving a 

variety o f  nematodes ,  cestodes and trematodes - which fi rmly established 

glucose as an essential metabolite for helminth energy production and 

indicates that uptake mechanisms , s imilar to those exis ting amongst higher 

animals ,  are probably universal amongs t  the more primitive organisms . 

The prospects that inhibition of glucose uptake may be a primary mode 

o f  anthelmintic action i s  fully discussed in Chapter 2 .  and with 

particular re ference to mebendazole (. 2 .  1 0  C'}and phenols , particularly 

niclosamide ( 2. 8 a )  . 

I n  the present s tudies a small amount of work was done using the nematode , 

Ascari s suum and i t  was c learly shown that glucose uptake i s  inhibited 

by the benzimidazole , cambendazole and by salts of the local anaesthetic 

procaine (procaine hydrochloride and procaine penicillin G) • 

Almost all the present work , however , was with Taenia hyda ti gena and 

Taenia ovis using recognised inhibi tors as wel l  as a variety of 

anthelmintic substances .  There appear to be no earlier reports of the 

use of these worms in s imilar experimental s tudies . Moreover , the 

influence of many o f  the anthelmintics has not been i nves tigated 

previously . 

5 . 1  M E M B RA N E  P E RM E A B I L I TY A N D  T RA N S P O RT M E C H AN I S M S  

A maj or characteristi c  o f  the metazoan organi sm i s  its sequestration 

by biological membranes into various body-compartments - which exist 

both at the cel lular and sub-cellular levels .  A common feature o f  all 

these membranes i s  their lipid character and for l i fe to exi s t ,  e ssential 

nutrients and their metabolites mus t  permeate the lipid-barriers in the 

processes of absorption / di s tribution , biotransformation and excretion . 

Thi s  extensive topic i s  o f  basic signi ficance in general pharmacology 

and i s  comprehensive ly reviewed by Czaky ( 1969) and B inns ( 1964 ) . I n  

e ssence , the following l i s t  indicates the various ways by which substances 

can pas s  across a membrane : 

(A) Diffusion ( a )  through lipid 

(b) through pore s  

( B )  Carrier-facili tated transport 
( a) facilitated diffusion 

(b) exchange diffusion 

( c )  active transport 

( C )  Vesiculation , pinocytosis and phagocytosi s . 
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Di ffus ion through lipid is paramount significance wi th respect 

to drugs and other foreign substances ,  such as terpenes and alkaloids , 

inge sted in foods tuff . The proces s  involves the perfusion of non­

ionised species down a concentration gradient and the rate is closely 

correlated to l ipid- solubility . Diffusion through pores i s  the 

mechani sm by which hydrophilic substances s uch as water and small 

water soluble particles like hydrated Na+ , K+ , and urea , with a 

particle radius of less than 4 Angstroms , can pass through pores by 

osmotic water flow . 

Carrier-facilitated transport mechanisms are involved with passage of 

many polar (hydrophilic)  molecules , such as carbohydrates , which are 

too large to pass through pores and too l ipid insoluble to pass by 

diffusion . Such substances combine temporarily with a carrier in the 

membrane , which facilitates transport . Carrier-site s  are substrate 

specific and competitive-type cross inhibition usually occurs between 

substances of s imilar chemical composition . Moreover , the carrier-sites 

exhibit saturation . The carrier may mere ly enhance di ffusion down a 

concentration gradient ( facilitated diffusion) or the carrier may 
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combine with a molecule on the outside ; and release it on the inside ,  

whi le picking up a molecule o f  s imilar substance and i n  exchange , 

transporting i t  to the outside ( exchange diffusion ) . On the other hand , 

the transport may proceed against a concentration gradient , a process 

requiring the s teady expenditure o f  energy by the cell ( active transport ) . 

These systems are o ften described as biological pumps . Two components 

are involved - a carrier facilitated trans fer and a mechanism for 

providing energy . 

Aetive transport mechani sms are widelf distr�buted in the livin9 WQ£ld 
and are regarded as one of the fun�amental functions of the cells . 

As a general rule , cells contain a high concentration o f  potass ium and 

a low concentration of sodium whe,reas in the extracellular flui d ,  the 

ionic ratio is reversed . The membrane i s  freely permeable to both 

Na+ and K+ ions and the asymmetric dis tribution is maintained by the 

continuous pumping of sodium outward and potassium inward . When the 

pyrophosphate l inkage of ATP is hydrolysed , energy is released ( at least 

6 , 000 calories/mole) and the hydrolys is i s  catalysed by many nonspecific 

phosphatase s as well as more speci fic ATPases . Skou ( 1927) i solated 

from crab nerve an ATPase which was inactive unless sodium and 
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potassium were added to the medium and such sodium-potassium 

activated ATPases were later found in almost every cell membrane . The 

enzyme ( ' membrane ' or ' pump ' ATP )  occurs together with the pump 

mechani sms and both systems require sodium and potassium ,  utilize ATP 

and are inhibited by digitalis and other cardiac glycosides . 
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Vesiculation , pincytosis and phagocytosi s  are processes readily 

observed in amoebae , white blood cells and cancer cells but it i s  

pos sible that every cell is capable o f  engulfing large solute particles 

such as bacteria . 

5 . 2  V E RT E B RA T E  G L U C O S E  T RAN S P ORT - E F F E C T S  OF S O D I UM I ON S , 

P H LO R I Z I N , I OD O A C E T A T E  A N D  D I N I T RO P H E N O L  ( DN P ) 

In the vertebrate , sugars are transferred actively in the intestine , 

the proximal tubules of kidney and the choroid plexus and the energy 

required for transport is derived from cellular metabolism ( either 

aerobic or anaerobic ) the immediate source being adenosine 

triphosphate (ATP ) . 

Sodium i s  essential for the active transport of many nonelectrolytes 

( including sugars )  and many biological pumps function only in the 

presence of a definite concentration of the ion in the medium , as 

examples , the transport of glucose , amino acids , purines and 

pyrimidines in the intestine s , kidney and central nervous system are 

all sodium-dependant . The exact role of sodium i s  not fully under­

stood but i t  has been suggested that active transport is tied closely 

to the sodium-potassium pump and that the cardiac steroids ( such as 

digitalis and ouabain) inhibit the mechanism by preventing the access 

of potassium ion to membrane ATPase . 

Phlorizin is a plant glycoside obtained from the bark of the apple 

tree . It is a very e f fective and selective inhibitor of glucose 

trans fer in many different species of animals - including vertebrates 

and parasitic helminths . Its action was first demonstrated by 

Nakazawa ( 19 2 2 )  who showed it an active inhibitor of intestinal glucose 

absorption and to be the most potent of several structural analogues 

( including phloretin) .  It is metabolic poison (Nei l , 1960) and 

attaches to the aldose carrier wi th high affinity - thus competitively 

inhibiting the attachment and subsequent transport of all aldose sugars 
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such as glucose " galactose and ' xylose . Because the carrier i s  

inactivated ,  both active transport and facilitated diffusion are 

inhibited at the membrane s ite (Lotspeidr and Woronkow, 1958) . 

Jervis et al ( 19 56)  showed the glycosyl moiety to be more e ffective 

inhibitor o f  intestinal transfer than phlorhizin itself and Newey 

et al . ( 1963) postulated that the glycosyl configuration and i t s  

position of attachment t o  the phlorizin group are relevant s tructural 

features .  The kinetic s tudies of Alvarado and Crane ( 196 2)  suggested 

that phlorizin behaves as a competitive inhibitor to the active trans fer 

glucose in the hams ter intestine . Czaky and Ho ( 1966) also showed that 

phlorizin inhibited glucose influx into the small i ntestine of rat from 

media containing salts of both sodium and potassium . 

Iodoacetate i s  an example o f  nonspecific i rreversible enzyme inhibitor . 

I t  reacts with sulphydryl ( SH )  groups of enzymes i ncluding phosphatases 

and in addition may tie-up SH groups of membrane proteins . It i nhibits 

glucose uptake from the gut (Wilbrandt and Las z t ,  1933)  and 

reabsorption from the proximal tubules of the frog kidney (Walker and 

Hudson , 1937)  and has become well-known as an i nhibitor in experimental 

glucose s tudies ( Conn and Stumpf , 1972) . 
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Dinitrophenol (DNP) Inhibition of the production of ATP may be nonspecific 

or spec i fi c . The former i s  caused by the practically anything which 

depresses cel lular metabolism : low temperatures , lack o f  oxygen ,  cyanide 

( in the case of tissue with vigorous oxidative metabolism) and a variety 

o f  enzyme inhibitors . More speci fi c , are those inhibitors whi ch 

interfere with the production of ATP by uncoupling oxidative phosphory­

lation . This function i s  a general characteristic of phenol s  (Chapter 

2 ,  Section � .  d .  ) and DNP and salicylates are classical examples . 

5 . 3  H E L M I N T H  G L U C O S E  T RAN S P O R T : I NT RO D U C TORY ANATOM I CA L  

C ON S I D E RA T I O N S  A N D  T H E  I NF L U E N C E  O F  C A RB ON D I O X I DE 

A N D  O XY G E N . 

The overall topic o f  membrane transport in helminth parasite s  is the 

subject of exhaustive and comprehensive modern review (Pappas and Read , 

1975)  and for the present purposes significant information on glucose 

transport has been summarised : for nematodes ( Table , 5 . 1 )  cestodes 

( Table 5 . 2 )  and trematodes (Table 5 . 3) . 



TABLE 5 . 1 .  

Species 

Ascaris 
1 umbricoi des 

Ascaris 
suum 

.. 

.. 

Ascaridia 
gal l i  

Trichuris 
vulpis 

Syphacia 
muris 

Mermis 
n igrescens 
(larvae) 

.. 

Source 

cavier & 
Savel ' ( 19 5 2 )  

Beames ( 1971)  

GLUCOSE UPTAKE BY PARAS ITIC NEMATODES 

Experimental Findings 

The cuticle of Ascari s shown to be impermeable to sugar . Using l �C-glucose . 

Inte stine shown to absorb glucose freely against a conqentration gradient . 

absorption only slight and the maj or route by way of the gut . 

Cuticular 

Used sac of mid-gut of Ascaris . Transport of 3 -0-methyl glucose from luminal 

solution to the pseudocoelomic fluid occurred in 95% N2 + 5% C02 when glucose was 

pre sent . Transport was C02-dependent and 95% 0 2  + 5% C02 or 99% N2 markedly decreased 

the movement of sugar • 

Van den Bossche Mebendazole inhibited glucose uptake or transport leading to glycogen deple tion and 
(1972) 

Van den Bossche ultimately to decreased generation of A . T . P 

& De Nollin 
(1973)  

Weatherly 
et al e ( 1963)  

Bueding 
et al . ( 1961) 

Glucose uptake through cuticle of A .  gal l i  was demonstrated but it was quantitiatively 

insignificantly . 

Concentrations of diathia zanine above 10-6M inhibited glucose uptake . 

Van den Bossche Endogenous glucose utilization was not changed by shifting aerobic to anaerobic 
er al . ( 1972)  

conditions . 

VI . 

Colombo & 
Se.enz,al 

Phlorizin and phloretin inhibited intestinal sugar transport through unrelated mechanisms 

and they two compete mutually . 

Rutherford & 
Webster ( 1974)  

Measured the trans cuticular uptake of 
1 4

C glucose . There is no experimental evidence 

to suggest that the nematode tegument has a role in active transport of glucose . 

Li tomosoides Bueding ( 1949)  The worm has a high rate of aerobic and anaerobic glucose metabol ism . No postanaerobic 
carinii -+-

increase of the oxygen uptake noted. Respiration o f  the filaria was completely 

inhib ited by cyanide ( 2xlO-�M) . Oxidative metabolism is essential for filaria worm . 
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Worm Species 

Hymenolepis 
diminu ta 

n 

" 

" 

" 

" 

" 

" 

Source 

Laurie 
( 1957) 

Phifer 
( 1960a) 

Phifer 
( 1960b) 

Phifer 
( 1960c) 

Fairbairn 
et al . ( 19 6 1 )  

Le e  et al . 
( 1963) 

Scheibel & 
Saz ( 1966 )  

Read 
( 1966) 

GLUCOSE UPTAKE BY PARAS ITIC CESTODES 

Experimental Findings 

Consumes exogenous glucose by anaerobic fermentation of glucose and galactose . Phlorizin 

i s  a non-competitive inh ibitor of glucose fermentation . 

Phlorizin inhibited uptake o f  isotopically label led glucose and its action was nei ther 

competitive nor noncompetitive . Dinitrophenol ( 10- 5 to 5 xlO- 3M) decreased the rate 

of glucose absorption . 

Iodoacetate ( 3xlO-4 - 10- 3M) i nhibited glucose uptake during a 30 minute incubation 

period but dinitrophenol failed to inhibit glucose uptake in a 60 second period 

even after pre-incubation in the inhibitor . Dinitrophenol did not act on the surface 

of the worm. 

Preincubation in either unlabelled glucose or galactose prior to i ncubation in C 1 4  

glucose , gave a higher rate o f  uptake than when preincubation in the s ugar was omitted . 

Preincubation in fructose had no accelerating action . 

H .  dindnuta is more effective in exogenous glucose utilization whe n  C02 i s  present 

than when it is absent . 

The cardiac glycoside , s trophanthin G has no i nhibitory e ffect on glucose uptake . 

The citric acid cycle is not operative as an energy yielding pathway in H . dindnuta . 

CO2 i s  required for energy production to transport glucose into the worm and for the 

synthesis of glycogen . 

5 per cent of C02 s timulated glucose uptak e . Air had no s igni fi cant e f fect . 20 per cent 

CO2 less ened glucose uptake . In 2 hour incubation period , glucose uptake was dependent 

on the concentration of glucose up to abQut 10 rnM .  

VI . 



TABLE 5 . 2  (cont ' d) 

" Strufe & Nic losarnide and dichlorophen inhibited glucose uptake and influenced the enzyme systems 

" 

" 

" 

" 

" 

Gonnert ( 1967) 

Scheibel 
et al . ( 1968) 

Dike & Read 
( 19 7 1 )  

Pappas et al a 
( 1974 ) 

Read e t  a l a 
( 1974)  

McCracken & 
Lumsden ( 19 7 5 )  

Hymenolepsi s Read & 
nana Rothman ( 1958)  

Hymenolepi s Pappas & 
microstoma Freeman ( 19 7 5 )  

Taeni.a 
crassi ceps 

Taenia 
taeniae­
formis 

Pappas et a l a 
( 1 97 3 )  

Von Brand 
et al . ( 1964 ) 

for carbohydrate metabolism . 

The presence of an anaerobic phosphorylation site associated with an electron transport 

system was demonstrated in this worm . Uncouplers of oxidative phosphorylation and 

anticestodal drugs , (chlorsalicylarnide , dichlorphen and dinitrophenol inhibited the 

anaerobic incorporation of 3 2p into ATP . Removal of C02 produced a marked decrease in 

both 3 2p incorpOration and ATP levels . 
1 4C-glucose absorption was inhibited 95-100% in a Na+- free medium. Ouabain had no 

e ffect on glucose uptake . 

Glucose absorption was by active transport . Glucose was accumulated against a 

concentration gradient . 

Glucose uptake was Na+ dependent . K+ , tris or choline in the abs ence of Na+ decreased 

glucose influx . 

Phlorizin was found to be competitive inhibitor of active 3H-glucose transport . 

Phloretin had no s ignificant effect on the initial rate of glucose ab sorption . 

Used a Manometric method . Metabolised glucose and galactose but did not metabolise 
n fructose ,  m�ose , maltose ,  trehalose ,  lactose or sucrose .  

1 4c-glucose influx was Na+ dependent and phlorizin partially inhibi ted glucose uptake .  

Phloretin was a mixed inhibitor o f  glucose uptake . K+ , tris or cho line in absence of 

Na+ in medium decreased glucose influx . 

Glucose absorption was carrier-mediated transport , sodium dependent and inhibited by 

phlorizin . 

Adult glucose uptake was completely Na+ dependent 

U1 . 
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Taenia 
taeniaeformis 

Von Brand IO-fold increase or omission of K+ , Ca+ , Mg+ and phosphate in the presence of Na+ ion 
& Gibbs ( 19(6)' 

h d . .  f '  ff 1 b . th d 1 I + . h d a no s1gn1 1cant e ect on g ucose uptake y e1 er a u t  or arvae . Na 10n a 

a marked influence on glucose uptake and this was blocked in the absence of Na+ ions 

by both adult and larvae . 

Calliobothri um Read ( 19 57 )  Determinations were made o f  exogenous carbohydrate utilization and acid production 
vertici l l a  t um 

" 

" 

" 

by c .  verti cil l at um �nd Lacistorhynchus t enui s .  The two worms fermented 

glucose and galactose but did not ferment or remove from the medium , ma�se , sucrose , 

fructose , & etc . 

Laurie ( 196U Cestodes from elasmobranch fishes absorbed glucose and galactose . Several glycosides and 

other phenolic derivatives exerted a predominantly inhibitory effect on carbohydrate 

abso�tion by the worms . Benzene sulfonic acid accelerated the rate of glucose uptake 

by c .  vertici lla tum . 

Fisher & Real Phlorizin 10-4M produced competi tive inh ibition of 1 4C-glucose transport but phloretin 
( 19 7 1 )  

10-4M for 2 minute incubation had no effec t .  Ouabain inhibited the glucose transport 

which was Na+ dependent . 

Pappas & Reaa Replacement of Na+ by K+ , choline or tris almost complete inhibition of glucose uptake . 

( 19 7 2 )  Li+ produced a small stimulation o f  glucose influx . 

VI 
. 
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Species 

Fasciola 
hepatica 

" 

" 

Fasciola 
gigantica 

" 

Source 

Mansour ( 1959)  

Metzger & Duwell 
(1973) 

Isseroff & Read 
( 1974) 

Abdel-Fattah & 

A1-Barwari ( 19 74 )  

A1-Barwari & 

Abdel-Fattah 
( 1974) 

Haematolocus Burton ( 1962)  
mediopleJCUs 

Haematoloclils Parkening & 
mediopleJCUs Johnson ( 1969 ) and 
Gorgoderina 
trematodes 

GLUCOSE UPTAKE BY PARAS ITIC TREMATODES A N D  P R OTOZOA 

Experimental Findings 

Glucose uptake of flukes ligated between anterior and posterior sucker ,  

was almost identical with that o f  the control . ( 110-195 � M/g . wet wt/6 hr . )  • 

Neither glucose absorption from the medium , nor the excretion of metabolites 

were carried out through the gut . 

Glucose absorption was inhibited by oxycloxinide ( zanil )  and DDBA . 

1 4C-glucose absorption was Na+ insenitive and not inh ibited by phlorizin and 

ouabain . Sugar absorption was not effected by the absence o f  Na+ . 

Exogenous glucose uptake ( 3 l�M/g . wet wt . /hr . )  was primarily through the 

tegument . Glucose uptake rate did not depend on the leve l of carbohydrate 

reserves . 

Glucose absorption was by active transport . Phlorizin and iodoacetate 

inhibited glucose uptake . 4xlO-3M phlorizin decreased the g lucose absorption 

by about 95% . 

Demonstrated the incorporation of 1 4C-glucose from a saline medium into 

glycogen by histochemistry . 

Demonstrated auto-radiographically the incorporation of tritiated glucose 

by the teguments of these two trematodes in vi tro 

VI . 
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Species 

Schistosoma 
mansoni 

" 

" 

" 

" 

Schi zotrypanum 
cruzi 

Trypanosoma 
rhodesi ense 

Source 

Bueding 
( 1950) 

Bueding 
( 19 6 2 )  

Kloetzel 
( 1966) 

I ss eroff 
et al . ( 19 7 2 )  

Ugl em & Read 
( 19 7 5 )  

Zeledon 
( 1960) 

Ryley 
( 19 6 2 )  

Experimental findings 

Phlorizin ,  phloretin , and ouabain inhibited glucose transport .  

Phloretin 8xlO- SM and lX10-4
M inhibited the glucose uptake by 50% and 69% respectively 

Glucose and oxygen consamption reported under aerobic condition s . 

Radio-active glucose �orption was inhibited by Na+-free medium and was insensitive 

to ouabain ( 0 . 0 2  - 2 . 0aM) . H igh concentration of phlorizin ( 2 . 0mM) and iodoace tate 

( 2 . 0mM) had no effect m1 glucose uptake . 

Glucose uptake was Na+ dependent and sensitive to phlorizin and ouabain . Both 

phlorizin and phloret� were effective against sugar transport , b ut the effects 

were not additive and at the same mechanism of action . 

Showed glucos e  uptake , using a manometric method . 

Cultured forms of the worm can uti l i ze glucose , fructose , mannose . The respiration 

of the cultured form � sensitive to cyan�ide , although that of b lood-s tream forms 

was not . 

U1 . 

.... 
\D 
o 
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Nematodes possess potentially two absorptive areas - the body surface 

and the intestinal lumen . Glucose uptake was demonstrated through 

the tegument of Ascaridia gal l i  but the route was considered 

quantitatively insignificant (Weatherly et al . 1963 ) . The body surface 

of A .  l umbricoides proved impermeable to soluble sugars (Cavier and 

Save l , 195 2 ;  Castro and Fairbairn , 1969 ) but there is evidence o f  

cuticular uptake of C l �  glucose i n  the larvae o f  Mermis nigrescens 

( Rutherford and Webster , 1974) . On the other hand active transport 

of glucose and other monosaccharides by the gut epithelium , was 

readily demonstrated in A .  l umbricoides (Castro and Fairbairn , 1968) 

and A .  suum (Beame s , 19711 • 

Ces todes lack a digestive tract and all nutrients must enter through 

the external body covering which is cellular in nature and is modified. 

morphologically to resemble intestinal brush border of the manunal . 

Trematode s , like nematodes ,  possess two potential absorptive surfaces 

but , in contrast to nematodes ,  it appears the tegument is the chief 

site of glucose absorption in F. hepa tica (Mansour , 195 9 ;  I s seroff 

and Read, 1974 ; Hanna , 1976) F • .  gigantica (Abdel-Fattah and AI-Barwari , 

1974) and S .  mansoni (Bueding , 1950) . 

Carbon dioxide ' s  role in parasite helminth metabolism has been 

recently extensively reviewed (Bryant, 1975) . Bicarbonate is an 

important constituent in cultivation media and is an e ssential 

1 9 1  

component for growth and maintenance . I t  is required for energy 

production along anaerobic respiration pathways and for gluconeo­

genesis and as examples its role has been demonstrated in the following 

nematodes ,  Haemonchus contortus Ward e t  al . 1968) A .  suum (Van den 

Bossche , 1969) Trichinel l a  spi ralis (Ward et al . 1969 ) Di ctyocaulus 

vi viparus (Vaatstra , 1969 ) Syphacia muris (Van den Bossche e t  al . 

19 71) Nippostrongyl us brasil i ensis (Saz et al . 1971) cestodes H .diminuta 

(Prescott and Campbel l ,  1965 )  Echinococcus granulosus (Agosin and 

Repetto , 1963) and Moni ezia expansa (Bryant , 197 2 )  trematodes ,  

F .  hepa tica (Prichard and Schofield, 1968) Entobdel la bumpusi (Hanunen 

and Lum , 196 2 )  and various acanthocephala (Beitinger and Hanunen , 1971 ; 

and Graf f ,  1965 ) . Read , ( 1967) demonstrated that glycogenesis and 

glucose uptake by H .  diminuta and H .  ci tell i  are stimulated by five per 

cent carbon dioxide in the gas phase . With Ascari s and H .  dirndnuta , 
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carbon dioxide was fixed into phosphoenolpyruvate (PEP) - an essential 

intermediate in the glycolytic cycle - and under anaerobic conditions 

at the e lectron transport level energy is generated in the form of ATP . 

(Bueding , 1969) . The formation of C4�dicarboxylic acid i s  dependant 

on the fixation of C02 into PEP and there is a marked decrease in 

ATP level s  when thi s  is prevented by incubating H .  diminuta in the 

absence of C02 ' (Scheibel et al . 1968) . Carbon dioxide is required for 

the incorporation of phosphate into ATP in the i ntact worm .  Inhibition 

of a formatio n ,  in the absence of C02 , results in inhibition of 

anaerobic generation of ATP . S cheibel and Saz ( 1966) demonstrated that 

H .  diminuta metabo1ises carbohydrates along a pathway similar to that 

found in A .  l umbricoi des . Tracer experiments with Cl � glucose and 

C l �02 indicated strongly that the sugar is glycolysed to pyruvate . C02 

is fixed to the 3-carbon acid and the resulting dicarboxylic acid 

reduced to succinate . The tricarboxylic acid cycle does not operate 

as an energy yielding pathway in H .  diminuta and C02 is required for 

optional synthesis of glycogen and for energy metabolism ,  which in turn 

is needed for transport of glucose into the worm .  Moreove,r ,  Saz ( 1969) 

found that the tricarboxylic acid cycle doe s  not function as an energy­

yielding pathway i n  Ascari s  mitochondri a ,  which operate anaerobically . 

I ncreasing numbers of worms have been found to survive and metabolize 

carbohydrate for long periods under anaerobic conditions . Most 

i ntestinal dwelling parasite s  are in thi s  category . Heterakis gall inae 

consumes oxygen at an appreciable rate ( Glockin and Fairbairn , 195 2 )  

but a t  a low oxygen tension ( 7 . 6  rom o r  0 . 2% 02 ) glucose uptake was 

34 per cent of that in air and high oxygen tensions ( 266-380 mm) were 

toxic - leading to death within 2 hours . Oxygen toxicity may result 

from the formation of hydrogen peroxide due to the presence of 
p.jfijriU • •••• • 

Bueding and Charms ( 1952 )  reported that there was neither cytochrome 

C nor cytochrome oxidase i n  muscle or female reproductive organs of 

Ascaris and that oxygen i s  not an essential component in energy 

metabol ism which i s  generated by way of anaerobic pathways . Oxygen 

taken up by the worm appears to play no physiological role in energy 

generating reactions . Saz ( 19 7la) also pointed out that Ascaris 

mitochondria function anaerobically unlike mammalian mitochondria , 

which require oxygen in order to generate ATP by the electron transport 

1 9 2  
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system . Read ( 1967)  reported that oxygen is not a s ignificant 

electron receptor and that it has no effect on glucose uptake and 

glucogenesis in H .  diminuta . On the other hand , some blood-flukes 

(S . mansoni ) contain cytochrome oxidase and consume oxygen (Bueding 

and Charms , 19 5 2 )  although , it can continue to survive and produce 

viable ,eggs when its respiratory enzymes are inhibited by cyanine 

dyes (Beuding 1950,  Beuding et al . 1 9 5 3 ) . 

Scheibel and Saz ( 1966 ) and Scheibel e t  al e ( 1968) using H .  diminuta , 

cultured anaerobical ly , found : 

(a) No evidence of cytochrome oxidase activity . 

(b) No s ignificant quantity of i sotopic CO2 formed from glucose 

l -C 1 4 , indicating the absence of both the tricarboxylic acid cycle 

and the pentose shunt mechanisms . 

ec )  Mitochondrial incorporation o f  p 3 2  into ATP b y  means o f  an 

anaerobic electron-transport-associated exchange reaction . This 

evidence indicates that similarities exis t  between H .  diminuta and 

Ascaris metabolism .  

5 . 3 . 1 N e m a t o d e , g l u c o s e  t r a n sp o r t  

I t  appears that almost all nematode, glucose absorption (Table 5 . 1) 

' occurs through the intestinal epithelium although the published 

information relates only to a few species and most particularly to 

Ascaris ( Section 5 : 3 ) • 
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The uptake from intestinal sac preparations i s  a sodium-sensitive active 

process inhibited by phlorizin (Senhueza et al e 1968) and the active 

trans cuticular transport of Mermis nigrescens larvae is inhibited by 

phloretin and DNP ( Rutherford and Webster , 1974) . In addition , 

intestinal absorption by these larvae was reduced by both phlorizin 

and its analogue phloretin and thei r  actions were mutually antagonis tic . 

DNP inhibits the exchange of 3 2p in added ATP of Ascaris mitochondria 

(Saz and Lescure , 196 8 ;  Saz , 1971b) . 

Dithiazanine , a cyanine dye , at lO-6M inhibits anaerobic glucose 

uptake by Trichuris vulpis (Bueding , et al e 1961)  and at 10- 3M inhibits 

transport by Nippostrongyl us brazi l i ensis (Sanderson , 1969) . 

Bephenium hydroxynapthoate ( 2- 5xlO- 3M) inhibits glucose uptake and 

volatile fatty acid synthesis by pig Ascaris {Pushkarev, 1966 ; 
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Lazdinya and Pushkarev, 1966) and the taeniacide , nicolosamide , inhibits 

the exchange of . 3 2p into ATP in pig Ascari s mitochondria (Saz and 

Lescure , 1968) . 

The anthelmintic action of mebendazo1e may result from inhibition of 

glucose uptake (Van den Bossche , 1972 ; Van den Bossche and De No11in, 

1973) and in contrast to DNP the benzimidazole appears to interfere 

with the carrier mechanism , rather than with energy metabolism . 

Rew and Saz (1977)  reported that 1evamiso1e caused decreased glucose 

utilization of micro filariae and they added that it might be secondary 

to the immobilization of the worm rather than from a primary effect 

on carbohydrate metabolism .  

5 . 3 . 2  C e s t o d e  g l u c o s e  t r a n s po r t  

Mos t  o f  the relevant literature i s  summarised i n  Table 5 . 2 .  The 

great bulk of the work has been with Hymenolepi s species , particularly 

H .  diminuta - but there have been some s tudies with H .  nana and 

H .  rnicrostoma . Cal l iobothrium vertici lla tum and other cestodes from 

e 1asmobranch fishes have been used but the only reports o f  work with 

Taeni idae , are those concerning T .  crassiceps and T. taeniaeforrni s 

( = Hydati gera taeniaeforrni s) T .  hydatigena and T .  ovi s have not been 

s tudied previously . 

(a) Norma l m e ch a n i  s m s . I n  H .  diminuta , glucose was taken up 
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by a sodium-dependant active transport mechanism and the process showed 

a saturation effect,  and with glucose accumulating against an apparent 

concentration gradient (Phife r ,  1960 a and b) . In addition Pappas and 

Freeman ( 19 7 5 )  showed that the absorption of glucose in H .  microstoma 

was carrier mediated , saturable and inhibited by several monosaccharides 

and phlorizin . They held the view that glucose transport in H .  

microstoma did not differ from that o f  H .  dirninuta , T .  crassiceps and 

C .  vertici llatum .  While it appears that cestode species do not differ 

markedly in their ability to actively transport glucose , there are no 

data on the relative importance of the three mechanisms for glucose , 

uptake . 
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(b) S o d i um a n d  m i s c e l l a n e o u s  s ub s t a n c e s . The first report 

of the in vi tro sodium sensi ti vi ty of glucose uptake in cestodes 

( adult T .  taeniaeformi � was that of von Brand et a l . ( 1964)  who , using 

sodium-free media , demonstrated glucose absorption 92 per cent inhibited 

under anaerobic conditions and completely inhibi ted or even reversed 

b;t: glucose leakage , in the presence of oxyge n .  This work was confirmed 

and extended by von Brand and Gibbs ( 1966) who found that glucose 

uptake of larvae as well as adults was inhibited by lack of sodium 

and that other ions , namely ca++
, Mg

++ , K
+ 

and PO� , did not s ignificantly 

e ffect glucose uptake in adult worms . 

S imilar sodium�ependence has been reported in T .  crassiceps larvae 

(Pappas e t  al . 1 9 7 3 )  H .  diminuta (Dike and Read , 1971 ; Read et al . 1974) 

H .  microstoma ( Pappas and Freeman , 1975) and C vertici lla tum (Fisher 

and Read , 1971 ; Pappas and Read , 1972) . The mediated glucose uptake 

in the last-named three species was almost complete ly inhibited when 

sodium in the external medium was replaced by potassium , choline or 

tris buffer . The e ffect of sodium removal was reversible , in that 

replacement of the sodium restored normal glucose uptake in H .  diminuta 

and H .  microstoma (Read et al . 1974 ; Pappas and Freeman , 1975 ) . I n  

both species glucose transport was sodium-dependant and sodium-coupled . 

Moreove r ,  the influx of sodium in H .  diminuta and C .  vertici llatum 

was stimulated significantly by the presence of glucose in the external 

medium ( Read et al . 1974 ; Pappas and Readv 1972) . 

The absence of calcium , magnesium , potassium or phosphate in a medium 

with a normal sodium level , did not alter s igni ficantly the glucose 

uptake by either larvae or adult T. taeniaeformi s ,  moreover ,  a 

tenfold increases in calcium or magnesium, a thirteenfold increase 

in potassium, and a thirty-three fold increase in phosphate did not 

s igni ficantly affect glucose consumption by the worm (Von Brand and 

1966 1 . Glucose uptake by T .  crassiceps larvae did not occur in sodium­

free medium in the presence of potassium , choline and tris buffer 

(Pappas et al . 19 7 3 )  

(c) P h l o r i z i n  inhibition of glucose uptake has been 

demonstrated by : Laurie ( 19 75 , 196 1 )  Phifer ( 1960a , c) Von Brand et al . 

( 1964) Fisher and Read (1972)  Pappas and Read ( 19 7 2 )  Pappas et al . ( 1973) 

McCracken and Lumsden ( 1975)  Pappas and Freeman ( 1975) . Phifer ( 1960a) 
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showed that t he, uptake o f  glucose by H .  dimi nuta was inhibited by 

phlorizin in only one minute . ' He considered that the site of action 

of the glycoside is at the worm surface . The data from a Lineweaver­

Burk analysis however , could be interpreted as sugges ting that 

phlori zin was neither competitive nor a noncompetitive inhibitor . 

This is in contras t  to the situation in vertebrate where the glucoside 

is considered to be competitive . 
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Phloreti n ,  the aglycone o f  phlorizin , inhibited uptake by H .  microstoma 

( Pappas and Freeman , 1975)  but not uptake by H .  diminuta (McCracken 

and Lumsden , 1975)  or C .  verticilla tum (Fisher and Read , 1971) . 

McCracken and Lumsden ( 19 7 5 )  sugges ted that two glycos ides were not 

competing for the common carrier site . In H .  micros toma phlorizin 

inhibition was characterized as partly competitive and it was suggested 

that the drug did not interact directly with the glucose transport 

system, but rather e f fected transport by binding at an another site . 

Moreove r ,  the kinetics of phlorizin inhibition suggested a combination 

of competitive and noncompetitive inhibition ( Pappas and Freeman , 

1975) . In H .  diminuta , however ,  phlorizin inhibition was considered 

to be fully competitive and Pappas and Freeman ( 19 7 5 )  were of the view 

that the concentration of phlorizin ( O . 2lxlO- 3M and 0 . 6 3xlO- 3M) used 

by Phifer ( 1960a) was too high to allow distinction between competitive 

and noncompetitive inhibition . 

(d) I o d o a c e t a t e . Relatively few s tudies have been reported 

on the influence of iodoacetate since Phifer ( 1960b) first demonstrated 

a signi ficant inhibition of glucose uptake in H .  diminuta . Concentrations 

of ,3x10-�M and 10- 3M iodoace tate were employed and in order to demonstrate 

e ffects during a short term incubation ( 6 0  s econds) preincubation for 

15 minute s was required - suggesting iodoacetate does not act on a 

surface mechanism but probably affects the general metabolic activity 

of the worm (Phifer , 1960b) . 

Using C .  verticil latum ,  however , Fisher and Read ( 1971)  produced a 

30 per cent inhibition and glucose transport with 0 . 5  mM sodium 

iodoacetate during a two-minute incubation and they considered the 

inhibition resulted from iodoacetate combining with the carrier 

system . 
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(e) Di n i  t r oph e n o l  ( DNP) is a classic uncoupler of vertebrate 

o�idate phosphorylation and is assumed to inhibit parasite ATP formation 

so as to influence glucose absorption . At concentrations from 10-S M 

to 5xlO-3 M ,  glucose absorption by H .  diminuta is reduced during a 30 

minute period (Phife r ,  1960a) but DNP ' fails to inhibit the uptake during 

a one minute incubation , even after preincubation with the inhibitor 

for 15 minutes (Phife r ,  1960b) . These findings suggest that endogenous 

s tores of ATP are sufficient to maintain glucose transport over a 

limited period and , are considered to lend support to the view that the 

phenol acts primarily by interfering with energy metabolism (Phife r ,  

1960b) • 

Using the same tapeworm ,  Scheibel et al e ( 1968) DNP markedly inhibited ' 

the incorporation of 3 2p into ATP ,  by inhibiting an electron transport 

linked mitochondrial 3 2p_ATP exchange reaction . S imilar findings have 

been made with Ascaris mitochondria ( 5 . 3 . 1 ) 

(f) Ph e n o l i c  a n t h e l m i n t i c s a n d  b u n a m i d i n e . The 

fasciolocides , nitroxynil and hexachlorophene and the taeniacide s , 

dichlorophen and niclosamide are all uncouplers of oxidative phosphor­

ylation and inhibit the anaerobic incorporation of 3 2p into ATP in 

H .  diminu ta (Schiebel et al e 1968) . The first four-named are phenols 

and in addition, niclosamide is a salicylanilide . Bunamidine is 

c losely related chemically to N , N-Diheptyl-4-pentyloxynapthamidine , 

an amidine , known to act in the same way as the above-named phenols 

, (Scheibel et aI . 1968) . Nitroxyni l  and hexachlorophene uncouple 

oxidative phosphorylation in rat-liver mitochondria (Van M!ert and 

6�oeneve1� , 1969 , Corbett and 600se , 19'1) and in a66ition nit�MYft�l 
hal a Itimulatory effect on balal matabolilm in the nheap (Anon , 1974) . 
Pritchard ( 19 7 3 )  found that closely related chemical disophenol 

inhibited oxidative phosphorylation in H .  contortus . 

S trufe ( 1963)  reported that incubation with sublethal doses of 

nic10samide led to inhibition of glucose uptake and Euzeby ( 1967) 

reported that the drug paralysed M .  expansa , in vi tro . S trufe and 

Gonnert ( 1967) found that low doses of nic10samide and dichlorophen 

stimulate oxygen consumption of H .  diminuta and higher doses inhibit 

glucose uptake . 
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The detailed studies of Scheibel et al . ( 1968) have shown that both drugs 

reduce the anaerobic turnover of 3 2p labelled inorganic phosphate 

into ATP and it appears that these compounds act by inhibiting the 

incorporation of phosphate into ATP . Niclosamide , s timulated 

M. benedeni , in vi tro (Khalilov, 1971)  and had a scolic idal e f fect on 

protoscolices of E .  granulosus ( Sakamoto and Gemmel , 1975) . 

Biochemical studies with amidine , N ,  N-Diheptyl-4-pentyloxynaphthamidine 

reveal a mode o f  action identical to that of the phenol s  ( Scheibel 

et al . 1968) . The c losely related amidine , bunamidine , in vertebrates 

causes irreversable neuromuscu�rblockage and inhibition of 

c holines terase .  A concentration o f  1 . 0 7  x 10�5Md bunamidine causes 

rapid damage to the tegument of T . • hyda tigena . Double the concentration 

causes the dramatic s tripping: of the tegument and this damage was 

considered a poss ible mode of action of the taeniacide ( Laws and 

Featherston , 1970) . 

5 . 3 . 3  T r ema t o d e  g l u c o s e  t r a n s p o r t  

Both f lukes and schis tosomes possess an alimentary canal and thus 

two potential abso.r ptive s urfaces . The trematode tegument is cellular 

and apparently modi fied for absorptive purposes ( 5 . 3 ) . 

In s triking contrast to cestodes and nematodes uptake by F .  hepatica 

i s  insensitive to sodium depletion and phlorizin and there is evidence 

for the presence of two dis tinct monosacchoride uptake systems 

( I sseroff and Read ,  1974) . On the other hand , with respect to 

F .  gigantica , Al-Bawari and Abdel-Fattah ( 1974) reported phlorizin 

( 4xlO- 3M) and iodoacetate ( lO- 2M) almost completely inhibited glucose 

uptake . 

Hexachlorophene i s  a phenolic uncoupler o f  oxidative phosphorylation 

(Scheibel ,  1968) and s timulated ATPase activity of F. hepa tica 

( Thorsell , 1967) . Oxyclozanide , DDBA ( 2 , 6-dihydroxy-3 , 5-dichlorobenz-

4 -ch loranilide ) and a series of commercially available halogenated 

phenolic salicylanilides all interfered with succinic dehydrogenase 

of F .  hepatica leading to a marked decrease in glucose consumpti�n . 

The fluke enzyme was more s ensitive than the similar enzyme of the 

rat l iver (Metzger and DUwell ,  1973) . 
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I n  contrast to Fasci ol a glucose uptake in S .  mansoni 

is sodium dependant ( Is seroff et al e 197 2 ;  Uglem and �ead , 1975 )  but 

insens itive to ouabain and phorizin ( I sseroff et al . 19 7 2 )  over a 

2 -minute incubation period . However , 15 minute pre incubations with 

ouabain do produce s ignificant inhibition of glucose transport and 

it was considered that the mechanism i s  sodium-coupled and simi lar to 

that in ces todes (Uglem and Read , 197 5 ) . Glucose uptake was also 

i nhibited by phloretin ( Bueding , 196 2 ) . 

5 .  4 MAT E R I A LS A N D  M E T H OD S  

5 . 4 . 1  H e l m i n th S o u r c e s ,  A .  suum ,  T .  ovi s ,  T .  hydati gena were 

obtained from abattoir material and laboratory infected animals as 

reported previous ly ( 4 . 3 . 1 ) . 
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5 . 4 . 2  D r u g s  S o u r c e s . Drugs and chemicals employed were obtained from 

the following sources : Phlori zin ( BDH England ) ; lignocaine ( Xylocaine 

2% of Astra) dichlorvos J and vincofos ( courtesy of Shell Biological 

Science Research Centre , California ,  U . S . A . ) ; hexachlorophene (BDH ) : 

nitroxynil (Trodax of May & Baker Ltd . ) ; dini trophenol ( Kuhn il Drug 

Co . I nc . Seoul . Korea) ; dichlorophen (May & Baker) quinine hydrochloride 

( Sigma , Chemical Co . S t .  Loui s , U . S . A . ) ;  niclosamide ( Baye r ,  Germany ) , 

Mebendazole ( courtesy of Janssen Pharmaceutical , Belgium) bunamidine 

hydrochloride ( Cooper , McDougall & Robertson ( N . Z . )  Ltd ) ; and sodium 

iodoacetate ( B . D . H . ) . 

5 . 4 . 3  P r e p a r a t i o n  o f  Re a g e n t s . 

Zinc sulphate solution, S per cent (w/v) ; 50 gm Zn SO� . 7H20 was dis solved 

in water and di luted to 1 litre . Barium hydroxide solution , approximately 

0 . 3N ;  50 gm of Ba (OH } 2 . 8H 2 0  was dissolved in water and diluted to 1 litre . 

After s tanding for 2 days in a covered containe r ,  the solution was 

decanted . This solution was balanced against the zinc sulphate solution 

AI ,allow • •  lO I O  �l ot lina lulphat. w.�. 411ute4 with 25 ml ot w.te� , 
phenolphthalein indicater was added and the mixture titrated s lowly with 

the barium hydroxide solution , using vigorous mixing , to a definite 

permanent pink colour . The s tronger of the two reagents was diluted , 

i f  necessary , such that 10 . 0  ml of zinc sulphate solution requires 

10 . 0  ± 0 . 1  ml of barium hydroxide solution for the end point . 

Dianisidine solution , 1 per cent (w/v) 5 0  mg dianisidine were dissolved 

in 5 ml wate r .  Peroxidase solution : fifteen mgs peroxidase was dissolved 

in 15 ml glycerol buffe r .  
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Glycerel buf fer solutien , pH 7 . 0  f 3 . 48 gm .of anhydreus Na2HP04 and 

2 . 12 gm of KH2P04 were disselved in 600 ml .of wate r ,  400 ml .of glycerel 

added and mixed thereughly . Sulphuric acid , 6N i 200 ml .of cencentrated 

sulphuric acid were added te 1000 ml .of disti lled water with mixing . 

Steck s tandard glucese selutien , 1 per cent (w/v) 1 gm dry 

reagent grade glucese was disselved in 0 . 2% benzoic acid solution , 

made up te 100 ml and stered i n  a tightly s teppered bettIe in the 

refrigerater . Werking s tandard glucese selutien ; 10 ml .of 1% glucose 

s teck selutien were di luted te 100 ml with 0 . 2  ml benzeic acid selution . 

Glucese .oxidase reagent selutien was '  prepared by adding 0 . 2  ml .of 

dianisidine selutien , 0 . 8  ml .of Fermeczyme solutien ( Hughes and Hughes) , 

1 . 0  ml .of Perexidase selutien and 18 . 0  ml .of glycerel buffe r .  Tpey 

were mixed and warmed te reem temperature . 

5 . 4 . 4  E x p e r i m e n t a l  p re c e du r e s  

Ascaris werms were bletted dry with paper tewels , and randem sample s  

.o f  twe werms were taken and weighed.  They were transferred te l5Q ml 

c.onical flasks centaining 100 mi�lilitres .of glucese-salt mixture .of 

Van den Bessche ( 19 7 2 )  and c.ompri sing the fel lewing : 0 . 12M Nacl 

O . OO IM CaC1 2 , O . OO lM MgC12 , 0 . 005M KCL ,  0 . 045M NaHC0 3 , 0 . 005M potassium 

phesphate buffer (pH 7 . 4 ) . Freshly prepared g lucese was added te give 

a final cDcentrati.on .of 0 . O l6M . Antibi.otics were added t.o beth centrols 

and experimental flasks in .order te retard bacteria grewth during the 

incubatien perieds . These c.omprised streptemycin sulphate 0 . 1  mg per ml 

( Di strep-Vet ,  A/S Resce-Denmark ) and sedium penicillin G 2 , 000 units per 

ml , ( Crystapen ,  crystalline benzylpenicillin , sedium salt , Glaxe 

Laberateries , N . Z . ) . On seme eccasiens the precaine rather than the 

sedium salt .of the penicillin was empleyed . Pre caine hydrechleride was 

used in the ferm .of injectable lecal anaes thetic prepared by McGraw 

Ethi cals Ltd . New Zealand , and a pure sample .of cambendazele ( Lot . 

l49A028)  was .obtained threugh the ceurtesy .of Bayer Pharmaceuticals 

Leverkusen , Germany . Thi s  drug is inseluble i n  water and fer the purpose 

.of experiments was dis solved in dimethyl·sulphexide ( DMSO) se as t.o give 

a final cencentratien .of 0 . 1% DMSO in the incubating medium. Centrol worms 

were incubated i n  drug-free g luc.ose medium centaining the same quantity 

.of DMSO . 

T.o achieve anaerebic cenditi.ons , the media and flasks were flushed f.or 

several minutes with the mixture .of 95% N2 and 5 %  CO2 , The incubati.on was 
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. 
carried out in a metabolic waterbath shaker at the temperature of 3 7  C 

and the glucose media changed and the flasks regased at 24-hour intervals . 

Experiments were run for three days i n  relation to the procaine 

experime nts , and two days when the cambendazole e ffect was examined . 

I n  the laboratory T .  ovis and T .  hyda ti gena worms were washed several 
. 

times in saline at 37 C .  Each worm was removed and divided into two 

portions . The s ite of section was at that part of the worm where the 

segmental length began to exceed its width . The portion anterior to 

the cut was designated immature ( non�sexual ) and was considered to 

contain no genital primodia or at most only a very rudimentary apparatus . 

That portion behind the s ection was designated mature ( sexua l )  and could 

be expected to contain various combinations of reproductive organs -

depending on the s tage of maturity . Obvious ly gravid segments were 

removed from the mature portion . Both the mature and immature section 

were subdivided into smaller portions each about seven centimeters in 

length and weighing an average , 800 mgs .  Two weighed portions were taken 

and placed in each 25 ml War burg flasks containing 10 ml of glucose 

salt-medium of Von Brand and Gibbs ( 1966) . Glucose was added to give 

a final concentration of 200 mg % .  Antibiotics were added as outlined 

previously for A .  suum . For the experiments a shaking Warburg waterbath 

was employed and its use enabled up to twentyeight flasks to be i ncubated 

s imultaneously . The flasks were flushed with 95% N2 and 5 %  C02 as in the 

Ascaris experiments . The experiments were conducted for two consecutive 

two hour-periods ( totalling four hours ) .  Media samples were taken at the 

end of the first and second two-hour period and the flasks were 

reflushed after the first s ampling . 

5 . 4 . 5  A s s a y m e t h o d s  

Glucose uptake was measured from depletions o f  levels i n  the incubating 

media .  For this purpose the glucose oxidase method o f  Washko and Rice 

( 1961 )  was used with s light modi fications . The method i s  specific for 

the determination of glucose and relies on the catalytic oxidation 

of glucose by molecular oxygen to gluconic acid and hydrogen peroxide . 

The last named substance i s  formed in the presence of peroxidase and 

reacts with o-dianisidine to -form a coloured material which is 

s toichiometrically related to the original amount of glucose . Colour 

intensity was measured using a Unicam Spectrophotometer (model 5 P 500 
Series 2 ) . 
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The procedure is  as follows : A 0 . 1  ml sample from the worm incubation 

medium was taken and mixed with 1 . 5  ml of water and 0 . 2  ml of 

barium hydroxide solution . After mixing and standing at least 30 
seconds , 0 . 2  ml of z inc sulphate solution was added , mixed thoroughly 

and allowed to stand for 2 minutes .  The mixed solution was 

centrifuged at 3000 r . p . m .  for 2 minutes to yield a 1 : 20 protein­

free supernatant . Samples ( 0 . 2  ml ) of supernatant were pipetted 

into test tubes and 1 ml of glucose oxidase reagent solution was 

added to each tube one at a time , in a timed sequence . Each tube 
• 

was mixed immediately and placed in a 37  C water bath . After 

exactly 30 minutes ,  the tubes were removed one at a time and mixed 

with 5 . 0  ml of 6N sulphuric acid . In this manner , the incubation 

time for all tubes was kept constant . After 5 minutes ,  but within 

an hour , the absorbance of each tube was monitored at 540 nm in 

the spectrophotometer . The blank solutions were prepared in an 

identical manner ,  using 0 . 2  ml of water . The blank and test samples 

were assayed in duplicate . Glucose content was determined by 

reference to a standard glucose calibration curve (Fig . 5 . 1)  
and depletion rates from the medium expressed as mg . glucose consumed/ 

gram wet weight of tissue/24 hours , for A .  suum and �g/lOO mg wet 

weight of worm/hour for T. ovis and T .  hydati gena . 

During the course of most experiments the worms usually retained 

their original colouration and appeared viable and active . However ,  

some drugs , at higher concentrations , had an obviously detrimental 

effect . As examples , when DNP ( 10-4M) was used , the worms stained 

yellowish green and became contracted ; with bunamidine ( 10-3M) they 

became flaccid and appeared l i feles s ;  with hexachlorophene ( 10- 3M) 
they became rounded and bunched . With niclosamide and dichlorophen 

the worms appeared somewhat inactive and their viability was checked 

by removing them from the drug-containing medium and incubating them 

in a Warburg apparatus in 0 . 9% saline for hal f-an-hour . All the 

worm material examined consumed oxygen , indicating that the previous 

exposure to the drugs had not been lethal . All worms tested were 

active unless shown to be otherwise by footnote on the tables and 

results . 



. 
s 
s:: 

0 
.::::r-
l..f'\ 
I-
c:t: 
W 
L.) 
:z: 
c::r.: 
co 0:::: 
0 
(.I) 
� 
c::t: 

5 . 1  

0 . 1  

0 . 1  

0 . 05 

GLUCOSE (ug )  

FI G ; ' 5 ":1 COMPOS I TE STANDARD CURVE (MEAN OF F I VE 

CONSEC UT I VE ASSAYS ) FOR G LUCOSE  ASSAY . 

2 0 3  



5 . 5 

5 . 5 R E S U L T S  

5 . 5 . 1 G e n e r a l . com m e n t s  

The bulk o f  the present s tudies were carried out with T .  hyda ti gena 

and T .  ovi s .  However , there was a small amount o f  preliminary work 

with A .  suum ,  largely in order to establish the experimental technique 

and to examine the e ffect of cambendazole , a b�imidazole structurally 

analogous to mebendazo1e and which i s  postulated to act on glucose 

uptake in the same manner as the last named drug . In the initial 

experiments , the pro'caine salt of penicillin was employed for 

bacteris tatic purposes . I n  the presence of this salt , great difficulty 

was experienced in demons trating glucose uptake in the control flask s .  

S Ubsequently the sodium salt of penicillin G was substituted and i t  

became immediately apparent that procaine may interfere with glucose 

uptake in A .  suum . Further experiments were conducted with procaine 

penicillin and with procaine hydrochloride . 

However , the bulk of the work has been with T .  hyda tigena and T .  ovis 

neither of which have been examined previously . Much preliminary work 

was done to establish parameters in relation to s uch as comparing 

uptake between mature and immature portions of the tapeworms , between 

the first and second two-hour i ncubation periods and between T. ovis 

and T .  hyda ti gena . Systematic studies were made of the e ffect of 

sodium deprivation , phlorizin , iodoacetate , dinitrophenol ; several 

phenolic anthelmintics ;  organophosphorous compounds , quinidine and 

benzimidazoles .  

5 . 5 . 2 A s ca r i s t r a n s p o r t  

The effects of procaine hydrochloride and procaine penici llin on 

glucose uptake as compared to drug-free controls , is reported in 

'fable 8 .  4.. uPta'u� by centre la , ever �h. ;:hree daya , averajjed abou� 
15 mg per gram wet weight of worm for each 2 4-hour period . The uptake 

was almost identical for each of the three periods - indicating little 

deterioration of the helminth during the progre s s  of the experiments . 

The results agree closely wi th the rate of glucose uptake reported 

for Ascari s in Belgium (Van den Bossche , 1972) . At the drug­

concentrations employe d ,  the motility of Ascari s was not impaired and 

at quite low concentrations ( 6 . 8  x 10-�M )  the two procaine salts 

produced a s imi] ar and almost complete inhibition of glucose uptake , 
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TABLE 5 . 4 

THE E F FECT OF P ROCA I NE HYDROCHLOR I DE AND PROCA I NE P EN I C I LL I N  ON THE EXOGENOUS G LUCOSE  UPTAKE 

BY ASCAR I S  SUUM 

I NCUBAT I ON 

MED I A  

GLUCOSE UPTAKE 
* 

MG/G WORM/24 HOURS  

F I RST 
24-HOUR 

CONTROL 15 . 17 + 1 . 1 1 ( 8 )  

PROCA I N E 1 . 1 7 � 0 . 10 (4) 
HYDROCHLOR I DE + 

PROCA I NE 0 . 3 6 + 0 . 24 (4) 
PEN I C I LL I N  + 

% 
I NH I B I T I ON 

9 2  

9 8  

SECOND 
24-HOUR  

15 . 09 + l . 0 1 ( 8 )  

0 . 05 -:: 0 . 05 ( 4) 

0 . 00 + 0 . 0 0 ( 4) 

* Units are mg glucose consumed per g wet wei gh t  o f  worm per 24 hours . 
Values are mean � S . E .  with number of determinations in pa�e�theres . 

+ The final concentration of procaine as free base was 6 . 8xlO M .  

% 
I NH I B I T I ON 

9 9  

100  

TH I RD 
24-HOUR  

14 . 79 -:: l . 36 ( 8 )  

2 . 8 6 + 0 . 60 ( 4) 

2 . 80 � 0 . 2 5 ( 4) 

% 
I NH I B I T I ON 

8 1  

8 1  

U1 

r-J 
o 
LTl 
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particularly during the first two 24-hour periods . The almost identical 

effects of the equimolar concentrations , sugges t  that the two salts 

dissociate to the same extent and thus liberate for metabolism ,  

s imi lar amounts of the active moiety . The degree of inhibition 

fell s l ightly to 81 per cent during the third 24-hour test period , 

possibly as a result of the organism reinforcing its uptake mechanisms 

in the face of glucose deprivation . 

The e ffect of cambendazole i s  reported in Table 5 . 5  and again ,  the 

concentrations employed did not e ffect the moti lity of the worms . 

The normal glucose uptake of control worms agreed closely with that 

reported in the previous experiments and there was only a s light 

di ff erence in rate between the two 2 4-hour period . Inhibition of 

uptake by cambendazole , was dose related and almost complete 

inhibition occurred at the extremely low concentration of 1 . 6  x 10-7M 
cambendazole . Moreover , in . Table 5 . 5  the drug concentration has 

been shown in micrograms cambendazole per millilitre , in addition 

to the molar expression . 

This has been done to enable the direct comparison between the e ffects 

of cambendazole in the present work and that of mebendazole reported 

by Van den Bos sche ( 19 7 2 ) . Mebendazole appears to be less potent 

and to have a s lower onset of action than cambendazole . For examp le , 

at the concentration of 0 . 0500 �g/ml ( 1 . 6  x 10- 7M) mebendazole causes 

only a 48 per cent inhibition during the first 24-hours , whereas 

cambendazole causes a 97 per. cent inhibition . During the second and 

and third 2 4-hour periods the inhibition by mebendazole rose to 

70 percentage and overall , the data sugges t  that a considerably 

higher concentration of mebendazole would be required to produce the 

same e ffect as cambendazole at 1 . 6  x 10-7M•  

2 0 6  



TABLE 5 . 5  

THE E F FECT OF CAMBENDAZOLE ON  THE EXOGENOUS G LUCOSE  U PTAKE BY ASCAR IS SUUM 

DRUG CONCE NTRAT I ON 

UG/ML (M)  

0 . 0  

0 . 0125  

0 . 0500 

0 . 2500  

1 . 6xl0- 7 

8 . 2xl0- 7 

GLUCOSE 

F I RST 
24-HOUR 

14 . 82 + 1 . 22 ( 8)  

9 . 14 "'" 0 . 43 (4) 

0 . 44 + 0 . 44 (4) 

0 . 35 :- 0 . 28 (4) 

U PTAKE * MG/G 

% 
I NH I B I T I ON 

38  

9 7 

9 8  

WORM/24 HOUR 

SECOND 
24-HOUR 

1 3 . 8 1 + 3 . 20 (8 )  

4 . 30 + 0 . 49 (4)  

1 . 2 7 :- 0 . 43 (4)  

0 . 9 7 � 0 . 41 (4)  

* Units are mg glucose consumed per g wet weight o f  worm per 24 hours . 
Values are mean � S . E .  with number of determinations in parentheses . 

% 
I NH I B I T I ON 

69  

91  

93  

U'I . 
U'I 
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5 . 5 . 3  C e s t o d e  T r a n s p o r t  

( a )  Worm p o r t i o n s , s p e c i e s , pe r i o d s  o f  i n c u b a t i on a n d  DMSO 
The rates of glucose uptake by mature and immature portions of T .  ovis 

and T .  hydatigena have been compared over a 4-hour period (Table 5 . 6 ) . 

I t  can be seen that there is no s ignificant differences in glucose 

uptake between the two portions of the worms in both T. ovi s and 

T .  hydatigena . I n  addition , glucose uptake between the two species 

during the two 2 -hour periods are compared in Table 5 . 7 .  T. hyda ti gena 

exhibited a s lightly higher rate of glucose uptake during the first 

2-hour period (P < 0 . 01 ) . During the second 2 -hour period there was 

no s ignificant difference between the two species , but over the total 

4-hour period T .  hydati gena exhibited a s lightly higher rate of 

glucose uptake , although the di fference was barely s ignificant 

(P < 0 . 02 ) . In addition , the rates of uptake have been compared 

between the periods of both mature and immature portions of T .  ovi s  

and T .  hyda ti gena (Table 5 . 8 ) . I n  the case of the first-named worm 

the uptake was the same for both portions during both periods , whereas 

T. hyda ti gena appeared to have a markedly higher rate during the first 

2 -hour period , (mature , P < 0 . 02 and immature P < 0 . 001) , followed by 
a reduction in rate s imilar to that of T .  ovi s during the second 

period . The overall f indings indicate that there are only small 

di fferences in glucose uptake between the two species , the two 

portions of the worms and the two incubation periods . 

Dimethylsulphoxide was employed as a solvent for drugs which are 

insoluble in water . The concentration u.e4 was such as to give . 
final level of 0 . 1% i n  the incubation media . Previous experiments 

have shown that this concentration has no e ffect on glucose uptake 

by Ascaris (Van den Boss che , 197 2 )  and for the present purposes , an 

experiment was conducted with T .  hydati gena . The results are 

pres ented in Table 5 . 9  from which it can be seen that 0 . 1% DMSO has 

no influence on the rate of glucose uptake . A tenfold increase 

concentration , however ,  did result i n  a moderate interference with 

the rate of uptake � Considering thes e  res ults i t  can be assumed that 

the solvent is no practical s ignlficance as far as our inhibition 

experiments are concerne d .  



TABLE 5 .6 
EXOGENOUS G LUCOSE U PTAKE  OVER A 4-HOUR PER I OD BETWEEN THE MATURE AND 

I MMATURE PORT I ON OF TAEN I A  OV I S AND TAENIA HYDATI GENA 

S PEC I ES 
GLUCOSE U PTAKE* VG/I0 0MG WORM/HOUR 

MATURE 1 I MMATURE 2 

TAE N I A  OV I S  3 4 4  ( 1 8  ) 3 6 9  ( 1 8 )  

TAE N I A  HYDAT I G ENA 3 9 2  ( 4 2 ) 4 1 2  ( 4 2 ) 

* Units are ug glucose consumed per 100 mg wet weight of worm pe r  hour . 

P 

n . s  

n . s  

Values are means followed by the numbers of determinations in parentheses . 
1 .  Posterior portion contains genital primordia .  
2 .  Anterior portion contains no genital primordia .  

Ul 

0'1 

N 
o 
1.0 



TABLE 5 . 7  

EXOGENOUS GLUCOSE U PTAKE BY MATURE AND I MMATURE PORT I ON S  BETWE EN  

TAEN I A  OV I S  AND TAENI A  HYDAT I GENA 

PER I OD 
GLUCOSE UPTAKE* �/ 10 0 MG WO RM/HOUR 

TAEN I A  OV I S  TAEN I A  HYDAT I GENA 
P 

F I RST 2 -HOUR 3 6 9 ( 1 8  ) 4 2 8 ( 42 )  <9 . 0 1 

SECON D 2 -HOUR 3 4 4  ( 1 8 )  3 7 5  ( 42 ) 
-

TOTAL 4 HOURS 3 5 7 ( 3 6 )  4 0 2  ( 8 4 )  

* Units are ug glucose consumed per 100 mg wet wei ght of worm per hour . 

n . s  

<2 . 0 2 

Value s  are means followe d by the numbers of de terminations in parenthe ses . 



TABLE 5 . 8  

EXOG E NOUS GLUCOSE  U PTAKE BY 2 PORT I ON S  O F  TAPEWO RMS DUR I NG TWO 2 -HOUR  

I N CUBAT I ON PER I ODS  

SPEC I ES WORM GLUCOSE UPTAKE * AlG/ I 0 0MG WO RM/HOUR  P 
PORT I ON F I RST 2 -HOUR P ER I OD SECOND 2 -HOUR P ER I OD 

mature 1 3 4 6  ( 9 ) 3 4 1  ( 9 ) n . s  
TAE N I A  2 
OV I S  immature 3 9 1  ( 9  ) 3 4 7  ( 9  ) n . s  

mature 4 1 4  ( 2 1 )  36 9 ( 2 1 ) <9 . 0 2 
TAE N I A  <9 . 0 0 1  HYDAT I G ENA immature 4 4 3  ( 2 1 ) 3 8 1  ( 2 1  ) 

* Uni ts are ug glucose consume d per 100 mg wet weight o f  worm per hour . 
Values are means followed by the numbers o f  de terminations in parenthe ses . 

1 .  Pos terior portion contains genital primordia .  
2 .  Anterior portion contains no genital primordia .  

ex) 



TABLE 5 . 9  

THE EFFECT OF  D I -METHYL-SULPHOX I DE (DMSO)  ON EXOG ENO US G LUCO SE  

UPTAKE BY  TAEN I A  HYDATI GENA** 

DRUG GLUCOSE UPTAKE* �/10 0MG WO RM/HOUR 
CONCENTRAT I ON F I RST 2 -HOUR PER I OD SECOND 2 -HOUR PER I OD 

0 4 0 1  + 1 3  ( 4 )  3 89 + 1 8  ( 4 )  - -

0 . 1% 40 8 + 1 3  ( 4 )  3 8 9  + 1 4  ( 4 )  - -

1 . 0 % 319  + 2 4  ( 4 )  3 3 7  + 2 2  ( 4 )  - -

, 

* *  Both immature and mature portions of the worm segments . ( See text ) 
* units are ug glucose cons umed per 100 mg we t wei ght of worm per hour . 

Values are means ± S . E .  with number of determinations in parentheses . 

U'I . 

-
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5 . 5 . 3  

( b )  S o d i u m  d ep r i v a t i on , ph l o ri z i n ,  i o d o a c e t a t e  a n d  DNP 

The above named substances have all been extensively employed in 

s tudies of fundi ,mental mechanisms related to carbohydrate transport 

and in the present work their e ffects were examined using T. ovis 

and T. hydatigena . There appear to be no previous reports of s imilar 

s tudies with these tapeworms . 

The detailed results of the experiments are recorded in Tables 

5 . 11 ,  5 . 12 ,  5 . 13 ,  5 . 14 and 5 . 15 ,  each of which records the way in 

which the actual . experiment was undertaken . Thus the controls and 

tes t  for each worm material procedure were derived from a pooled 

aliquot of helminths and in turn these data have been expressed in 

terms of percentage inhibition and summarised in Table 5 . 10 .  The 

detai led res ults of sodium deprivation are given in Tables 5 . 11 ( T .  ovi s )  

and 5 . 12 ( T .  hyda ti gena ) and it can be seen that in the absence o f  thi s  

ion , the uptake i n  both tapeworms is more than 9 0  per cent inhibited ,  

during both incubation periods . The influence o f  phlorizin i s  

recorded in detai l in Tables 5 . 1 1 and 5 . 12 ,  and it can b e  s een ( Table 

5 . 10 )  that the glycoside ( 4  x lO-4M) almost completely inhibits 

glucose uptake in both species of tapeworms , during both incubation 

periods . 

Iodoacetate , Table 5 . 13 was examined only with T .  hyda ti gena where 

it proved ineffective at 10- SM but almost completely effective at 

10_4M ,  again during both incubation periods . 

Detailed re sults with DNP are reported in Table s ' 5 . 14 and 5 . 15 .  I n  

the pre sent o f  a lO- SM solution the glucose uptake decreased about 

75 per cent in T .  ovis and 85 - 90 per cent in T .  hyda tigena and 

was almost comple tely inhibited by 10-4M ,  DNP in both species . I n  

the media containing 10-4M DNP , the worm segments became s tained 

a yellowish green , were contracted and ' bunched ' and appeared to be 

dead . I n  these circumstances the inhibitory e ffect on glucose 

uptake might be considered to have resulted from a lethal or 

noxious e ffect on the worm, rather than a specific e ffect on the 

glucose uptake mechanism . 

2 1 3  



TABLE 5 . 10 

SHOW I NG E FFECTS OF  SOD I UM DE P LET I ON ,  P HLOR I Z I N ,  I ODOAC ETATE AND DN P ON GLUCO S E  UPTA KE BY 

TAENIA OYIS AND TAENIA HYDATIGENA 

SUBSTANCE SUMMAR I SED PE RCENTAGE  I NH I B I T I ON OF  GLUCO SE U PTAKE 

OR  MED I UM F ROM TAEN I A  OV I S  TAEN I A  H YDAT I GENA 

TABLES F I RS T  SECOND TOTAL F I RST SECOND TOTAL 
2 HOURS  2 HOURS 4 HOURS 2 HOURS 2 HOURS 4 HOURS  

SOD I UM- FREE  
5 . 11 & 5 . 1 2 9 3  9 5  9 4  9 2  9 0  9 1  

MED I UM 

PHLOR I Z I N  

4x10- 4 
M 

5 . 11 & 5 . 12 9 5 9 0  . 9 2  9 5  9 5  9 5  

I ODOACETATE 

10- 5 
M - - - 0 a 0 

10- 4 M 
5 . 1 3  

- - - 9 3  9 6  9 4  

D I N I TROPHENOL 

10 5 
M 7 4 76  7 5 8 7  9 1  89  

10-4 
M 

5 . 14 & 5 . 15 
9 8  100  99  94  9 5  9 4  

VI . 



TABLE 5 . 1 1 

THE E FFECT OF  SOD I UM- FREE  MED I A  AND PH LO R I Z I N  ON THE EXOGENOUS  

G LUCOSE  UPTAKE BY TAEN IA OVI S** 

I N CUBAT I ON G LUCOSE  UPTAKE* nG/10 0 MG WO RM/HOUR 
MED I A  F I RST  2 -HOUR P E R I OD SECOND 2 -HOUR PER I OD 

CONTROL 4 36  + 2 8 . 3 . ( 4 )  3 9 5 + 3 8 . 7  - -

+ + 
SOD I UM FREE  3 1  - 9 . 3  ( 8 )  2 0  - 7 . 7  

PHLOR I Z I N  t 2 5 + 5 . 4 ( 8 ) 4 3  
+ 7 . 3  - -

* *  Both immature a'1d mature portions of the worm segments . ( see text) ,  
*Un i ts are ug gluc�se consumed per 100 mg we t wei ght o f  worm pe r  hour . 

valueS_Ire means - S .  E .  with number of dete rminations in parentheses . 
t 4 x 10 M in incubation media . 

( 4 )  

( 8 ) 

( 8 )  

U1 . 

, 

, 



TABLE 5 . 1 2 

THE  E FFECT OF SOD I UM- F RE E  MED I A  AND PHLOR I Z I N  ON THE EXOG ENOUS 

G LUCOSE U PTAKE BY TAENIA HYDATI GENA** 

I NC UBAT I ON GLUCOSE UPTAKE * �/1 0 0 MG WO RM/HOUR 
MED I A  

F I RST  2 -HOUR PE R I OD SECOND 2 -HOUR P ER I OD 

CONTROL 4 4 5  + 44 . 8  ( 4 ) 3 6 0  + 2 4 . 0  ( 4 )  - -

SOD I UM 35 + 4 . 7  ( 8 ) 3 3  + 5 . 2  ( 8  ) FREE  - -

PHLOR I Z I Nt 2 0  + 5 . 2  ( 8 ) 1 8  + 3 . 5 ( 8  ) - -

* *  Both immature and mature portions of the worm segments . ( see text) 
* uni ts are ug glucose consumed per 100 mg we t weight of worm per hour . Val ue s  

are mean � S . E .  with number of determinations in parentheses . 
t 4 x 1�4M in incubation media . 



TABLE 5 .13 

THE  E FFECT O F  BUNAM I D I NE HYDROCHLOR I DE , SOD I UM- I ODOACETATE AND 

PROCA I NE HYDROCHLOR I DE ON THE EXOG ENOUS G LUCOS E  UPTAKE BY 

TAEN I A  HYDATI GENA** 

DR UG 
CONCENTRAT I ON GLUCOS E .U PTAKE * �/1 0 0MG WORM/HOUR 

(M)  F I RST 2 -HOUR PER I OD SECOND 2 -HOUR P E R I OD 

0 3 9 2  + 3 2 . 9  ( 4  ) 3 56 + 2 5 . 5 ( 4 )  - - -

BUNAM I D I NE 10- 5 3 8 3  + 3 3 . 0  ( 4  ) 2 9 4 + 3 2 . 7 . ( 4 )  - -
HYDROCH LOR I DE 

10- 3 0 t ( 4 )  0 t ( 4 )  

SOD I UM 10-5 3 9 8  + 6 . 7  ( 4 )  3 6 9  + 2 2 . 2  ( 4 )  - -
I ODOACETATE 

10- 4 + + 2 8  - 9 . 9  ( 4  ) 17 - 1 . 2  ( 4 )  

PROCA I NE 10- 5 3 9 4 + 36 . 8  ( 4 )  3 5 6 + 26 . 6  ( 4 )  - -
HYDROCH LOR I DE 

10- 3 + + · 4 2 0  - 3 4 . 4 ( 4 ) 3 7 6  - 3 7 . 2  ( 4 )  

* *  Both immature and mature portions of the worm segments . ( see text) 
* Units are ug g lucose consumed pe r 100 mg we t weight of worm per hour . 

Values are means � S . E .  with number of de terminations in parenthese s .  
t Media became white and turbid and worm segments were flaccid and appeared lifele s s . 

\J1 



TABLE 5 . 1 4 

THE E F FECT  OF  D I N I TROPHENOL AND CAMBE NDAZO LE ON EXOGENOUS 

GLUCOSE  U PTAKE BY TAEN I A  OV I S ** 

CONCENTRAT I ON GLUCOSE UPTAKE * �/ 1 0 0 MG WORM/HOUR DRUG (M)  F I RST  2 -HOUR P ER I OD SECOND 2 -HOUR P ER I OD 

CONTROL 0 2 1 0  + 7 ( 4 )  2 4 7 + 2 3  ( 4 )  - -

10 5 5 5  + 1 7  ( 4 )  6 1  + 1 8  ( 4 )  D I N I TRO- - -

PHENOL 10-4 5 ( 4 ) t  2 ( 4 ) t  

1 0-5 8 5 + 6 ( 4  ) 9 4  + 1 7  ( 4 )  CAMBE NDA- - -
ZOLE 10- 3 6 5 + 8 ( 4 )  7 1  + 1 2  ( 4 )  - -

* *  Both immature and mature portions o f  the worm segments . ( see' text) 
* units are ug glucose consumed per 10 0 mg wet weight o f  worm per hour . 

Value s are means � S . E .  wi th number o f  determinations in parenthese s .  
t Worm segments appeared s tained with ye llowi sh green and we)r€. contracted . 

U1 



TABLE 5 . 1 5 

THE EF FECT O F  L I GNOCA I NE ,QU I N I NE HYDROCH LOR I DE AND D I N I TROPHENOL 

ON THE EXOG E NOUS GLUCOSE UPTAKE BY TAEN I A  HYDATIGENA** 

CONCENTRAT I ON G L UCOSE UPTAKE* � / 1 0 0  MG WO RM/HOUR 
DRUG (�1 )  

F I RST  2 -HOUR PER I OD S ECOND 2 -HOUR P E R I OD 

- 0 4 16 :t 3 1 . 3 ( 4 )  3 5 7 :t 10 . 7  ( 4 )  

1 0- 4 4 1 5 + 9 . 5 ( 4 )  3 5 1  + 40 . 2  ( 4 )  - -
LI GNOCA I NE 1 0- 3 4 0 6  + 3 56 + 1 8 . 3  ( 4 )  - 2 6 . 8  ( 4 )  -

10-5 4 2 4 + 13 . 4  ( 4 )  3 2 1  + 2 0 . 9  ( 4 )  QU I N I NE - -
HYDROCHLOR I DE 1 0- 3 3 3 6  + 39 . 2  ( 4 )  2 6 9  + 35 . 5  ( 4 )  - -

10-5 5 8 + 12 . 0  ( 4 )  3 5  + 7 . 0  ( 4 )  - -
D I N I TROPHENOL 

1 0-4 + ( 4 ) t  19 + 7 . 0  ( 4 )  t 2 6  - 7 . 0  -

** Both immature and mature portions of the worm segments . ( See text) 
* Units are ug glucose consumed per 100 mg we t weight of \iOrm per hour . 

Values are means ± S . E .  with number of de te rminations i n  parentheses . 
t Worm segments appeared stained with ye l lowish green and were contracted . 

U1 
I-' 
U1 
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(c) Pro c a i n e  a n d  L i g n o ca i n e  

To enable a comparison with the studies previous ly reported with 

A .  suum ( 5 . 5 . 2 ) experiments were conducted with the local 

anaes the tics procaine and lignocaine . De tailed results are presented 

in Tables 5 . 16 ,  5 . 13 ,  5 . 17 ,  and 5 . 15 and summarised in Table 5 . 18 .  

I t  can be c learly seen that even at the higher concentration tes ted , 

under the condition of the present experiments , the local 

anaesthetics had no influence on glucose uptake . Thi s  is in direct 

contrast to the findings with Ascari s . 

(d) N i t ro x y n i l ,  di c h l o r oph e n , h e x a c h l o roph en e , 

n i c l o s a mi d e  a n d  b u n a mi d i n e  

As reported and di s cussed previous ly (Section 5 . 3 . 2f)  these substances 

are all believed to exert an uncoupling effect on oxidative 

phosphorylation and i n  this way interfere with energy production 

mechanisms . The detailed results with nitroxyni l are reported in 

Tables 5 . 19 and 5 . 20 .  The drug was tes ted at concentrations o f  10- SM 

and la- 3M and the extent of percentage inhibi tion summarised in Table 

5 . 2 1 .  At the lower concentration ( lO- SM) glucose uptake was not 

s ignificantly inhibited during the first 2 -hour period in both 

species of tapeworm . However during the second 2-hour period ( that 

is during the third and fourth hours of exposure ) the rate of 

uptake was s igni f icantly retarded (P < o .  001) . However , when the 

coneentration o f  nitroxyni l  was increased to 10- 3M the inhibition 

was increased to between 80 to 95 per cent and the onset of 

4ftn�b1 �ioft eM�en4e4 ov.� bO �n a .no�� p.r!od. . �. aBove � •• �1�. 
suggest that the e f fe cts of nitroxyni l  are re lated both to dose and 

to the length of exposure . 

The detailed resul ts wi th dichlorophen are presented in Table 5 . 22 .  

The drug was tested at the concentrations ranging from la- 8M to 

10- 4M •  There was no s ignificant e f fect on glucose uptake at 

concentrations of 10-6M or lower in both the first and second 2-hour 

incubation periods . At 10- SM there was a 2 2  per cent inhibition 

during the first 2 -hour period and thi s  difference was s tatis tically' 

s ignificant (p < 0 . 00 1 ) . During the second 2-hour period the 

percentage inhibi tion increased to 68 and thi s  i ncrease was significant 

2 2 0  



TABLE 5 . 1 6 

THE  E F FECT OF  BUNAM I D I NE HYDROCHLO R I DE ,  V I NCO FOS AND P ROCA I NE 

HYDROCHLOR I DE ON  THE E XOGENOUS G LUCOS E U PTAKE BY TAENI A  OV I S**  

CONCE NTRAT I ON GL UCOSE  U PTAKE * �/1 0 0MG . WORM/HOUR 
DR UG (M ) F I RST  2 -HOUR  PER I OD SECOND 2 -HOUR P E R I OD 

- 0 36 0 :t 2 8 . 7  ( 4 )  3 0 7  :t 7 . 6  ( 4 )  

1 0- 5 4 3 3  + 5 5 . 9  ( 4 )  3 5 4  + 2 4 . 9  ( 4 ) - -
BUNAM I D I NE 

1 0- 3 0 ( 4 )  t 0 ( 4 )  t 

1 0-5 4 1 8  + 12 . 0  ( 4 )  3 4 3 + 14 . 2  ( 4 ) - -
V I NCOFOS 

1 0- 3 + + 3 7 3  - 2 7 . 0  ( 4 )  3 6 0  - 1 8 . 4  ( 4 ) 

PROCA I NE 1 0-5 42 2  + 1 2 . 4  ( 4 )  3 5 6 + 3 2 . 5 ( 4 ) - -

HYDROCH LOR I DE 10- 3 42 3  + 1 7 . 2  ( 4  ) 35 5  + 2 9 . 2  ( 4 ) - -

* *  Both immature and mature portions of the worm se gments . (See text) 
* units are ug glucose consumed per 100 mg we t weight of worm per hour . 

Values are mean t S . E .  with numbe r of de te rminations in parentheses . 
t Media became whi te and turbi� and worm segments we re flaccid and appeared li feles s . ,. 

U1 



TABLE 5 . 17 

THE E F FECT OF L I GNOCA I NE , D I CHLO RVOS AND MEBE NDAZO LE ON THE 

EXOGENOUS GLUCOSE U PTAKE BY TAENIA OVIS** 

CONCE NTRAT I ON GLUCOSE  U PTAKE- )J.G/1 0 0 MG WO RM/HOUR 
DR UG ( M) F I RST  2 -HOUR  P E R IOD SE COND 2 -HOUR PER I OD 

- 0 3 1 4 :t 3 4 . 4  ( 4 )  3 3 6  :t 3 6 . 4  ( 4 )  

1 0-4 2 9 5  + 3 4 . 3 ( 4 )  3 1 2  + 3 2 . 7  ( 4 )  - -

L I GNOCA I NE 1 0- 3 + + ( 4 )  2 9 2  - 2 8 . 1 ( 4 )  3 4 5  - 8 . 8  

1 04 3 15 + 3 1 . 0  ( 4 )  3 46 + 2 6 . 6  ( 4 )  - -
D I CH LORVOS 

1 0- 3 + + 3 4 5  - 2 7 . 9  ( 4 )  3 5 2 - 3 2 . 4  ( 4  ) 

1 0-5 3 0 0  + 2 8 . 6 ( 4 )  3 6 6  + 3 7 . 4 ( 4 )  - -

MEBE NDAZOLE 
1 0- 4 + + 3 4 1  - 3 8 . 7  ( 4 )  3 5 7 - 2 5 . 8  ( 4 )  

* *  Both immature and mature portions of the worm segments . ( see text) 
* uni ts are ug glucose consumed per 100 mg we t weight of worm per hour . 

Values are means � S . E .  with numbe r of determinations in parentheses . 

VI . 



TABLE 5 . 1 8 

SHOW I NG E F FECTS OF  PROCA I NE AND L I GNOCA I NE ON G LUCOSE UPTAKE BY TAENIA OVI S  AND 

TAENIA HYDATI GENA 

SUMMAR I SED PERC E NTAGE I NH I B I T I ON O F  . G LUCOSE  UPTA KE 

SUBSTA N C E  FROM TAE N I A  OV I S  TAE N I A  HYDAT I G ENA 

TABLES F I RST SECOND TOTAL F I RST SECOND TOTAL 
2 HO URS 2 HOURS 4 HOURS 2 HOURS 2 HOURS  4 HOURS  

PROCA I NE 
10 5 M 0 . 0 0 0 0 0 

10- 3 M 
5 . 16 & 5 . 13 

0 0 0 0 0 0 

L I GNOCA I NE 
, 

10- 5 M 7 8 7 0 ,- 2 1 

10- 3 M 
5 . 17  & 5 . 15 

8 . 0 4 3 1 2 

U1 . 
...... 
co 
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TABLE 5 . 19 

THE E F FECT OF  N I TROXYN I L  AND H EXACH LO ROPH ENE ON EXOGE NOUS  

GLUCOSE UPTAKE BY TAE N I A  OY I S * *  

CONCENTRAT I ON GLUCOSE UPTAKE* �/10 0MG WORM/HOUR 
DRUG (M )  F I RST 2 -HOUR PER I OD SE COND 2 -HOUR P ER I OD 

0 2 5 6 + 2 1  ( 2 ) 2 3 9 + 2 - - -

10- 5 2 0 3  + 7 7  ( 2  ) 1 6 0 + 5 - - - -
N I TROXyN i L.  

10
- 3 + + 2 3  - 1 2  ( 2  ) 3 0  - 1 0  

1 05 42 + 17 ( 2  ) 5 5  + 5 - -
HEXACHLORO-

10- 3 + + 
PHENE 35  - 1 0  ( 2 ) t  3 5  - 10  

**  Both immature and mature portions o f  the worm segments . ( see text) 
* units are ug glucose consumed per 100 mg wet weight o f  worm per hour . 

Values are means � S . E .  with number of determinations in parentheses . 
t Worm segments appeared rounde d .  

( 2  ) 

( 2 ) 

( 2 ) 

( 2  ) 

( 2 ) t  



TABLE 5 . 2 0 

THE E F FECT O F  N I TROX� I L AND HEXACHLOROPHENE  ON  EXOG ENOUS GLUCOSE  

UPTAKE BY TAEN I A  HYDAJI GENA** 

GLUCOSE  U PTAKE * �/10 0MG WORM/HO U R  
DRUG CONCENTRAT I ON 

(M) F I R ST 2 -HO UR  PER I OD SECOND 2 -HOUR P E� I OD 

0 4 7 4  + 2 2  ( 4 )  4 3 7  + - - -

10-5 3 9 9  + 15 ( 4 )  1 5 5  + - -
N I TROXYN I L  

10-3 + + 9 9  - 32  ( 4 ) 2 3  -

10�5 2 49 + 6 4  ( 4 )  1 1 6  + - -
HEXACHLORO-

10-3 + + 116  - 3 8  ( 4 ) t 1 1 6  -
PHENE  

* *  Both immature and mat� portions o f  the worm segmen ts . ( see text) 
* Units are ug glucose camsurned per 100 mg we t we i ght of worm per hour . 

Values are means ± S . E .  with number o f  determinations in parentheses . 
t Worm segments appeared rounded .  

4 6  ( 4 )  

1 8  ( 4 )  

6 ( 4 ) 

4 7  ( 4 )  

2 4  ( 4 )  t 

U1 



TABLE 5 . 2 1 

SHOW I NG E F FECTS O F  N I TROXYN I L ,D I CHLOROPHEN , HE XACHLOROPHENE , N I CLOSAM I DE AND BUNAM I D I NE ON 

GLUCOSE UPTAKE BY TAENIA OYIS AND TAENIA HYDATIGENA 

SUMMAR I SED PE RCENTAGE I NH I B I T I ON O F  G LUCOSE UPTAKE 

SUBSTANCE F ROM TAEN I A  OV I S  TAEN I A  HYDAT I GENA 

TABLES F I RST SE COND TOTAL F I RST SECOND TOTAL 
2 HOURS 2 HOURS 4 HOURS 2 HOURS  2 HOURS 4 HOURS 

N I TROXYN I L  

10
-5 M 21  34  27  16  65  4 0  

10
-3 M 

5 . 19 & 5 . 2 0  
9 2  8 8  9 0  8 0  9 5  87  

D I CHLOROPHEN 

10
- 8 M - - - 4 1 0  7 

107 M - - - 3 1 3  8 

10
-6 M 5 . 2 2 - - - 3 2 3  1 3  

105 M - - - 2 2  6 8  4 5  

10
-4 M - - - 8 3  9 6  8 9  

U1 . 



HEXACHLORO 
-PHENE  U1 

. 

10-5 M 8 4  77 8 0  4 8  7 4  6 1  l\J 
f-' 

5 . 19 & 5 . 2 0  
10-4 M 87  8 6  8 6  7 6  7 4  7 5  

N I CLOSAM I DE 

10- 8  M 14 20 17  13  1 7 

10- 7  M 34  44 3 9  4 5  6 9  57  

10-6 M 
5 . 2 3  & 5 . 2 4 

9 7  99 9 8  8 1  9 5  8 8  

10-5 M 9 8  100  99  9 2  9 6  9 4  

10-4  M 9 9  100  9 9  9 5  9 8  9 6  

BUNAM I D I NE 

10-5 M 0 0 0 3 1 8  10  

10-3 M 
5 . 16 & 5 . 13  

1 0 0  100 1 0 0  100  1 0 0  1 0 0  



TABLE 5.22 

THE E F FECT  O F  D I CH LOROPHEN ON EXOG ENOUS GLUCOSE U PTAKE BY 

TAENIA HYDATI GENA** 

DRUG CONCE NTRAT I ON GLUCOSE UPTAKE * �/100MG WO RM/HO UR 

(M) F I RST 2 -HOUR PER I OD S ECOND 2 -HOUR P E R I OD 

0 4 36 + 1 8 . 7 ( 4 )  3 7 1  + 2 7 . 8  ( 4 )  - -

10-8 4 2 1  + 2 7 . 0 ( 4  ) 3 3 7  + 2 7 . 3  ( 4 )  - -

10-7 4 2 6  + 2 6 . 4 ( 4 )  3 2 5  + 3 2 . 2  ( 4 )  - -

10-6 4 2 3  + 9 . 2  ( 4  ) 2 8 6 + 2 8 . 5  ( 4 )  - -

10-5 3 4 3 + 17 . 3  ( 4 )  1 2 1  + 2 2 . 1  ( 4 )  - -

10-4 7 8  + 10 . 0  ( 4 )  1 8  + 2 . 3  ( 4 )  - -

* *  Both immature and mature portions of the worm segments . (See text ) 
* Uni ts are ug glucose consumed per 100 mg we t weight of worm per hour . 

Values are means � S . E .  with number of de terminations in parenthe ses . 



5 . 5 . 3  (f) 

( P  < 0 . 001) . Consequently it appears that at this concentration 

the degree of inhibition is related to the length of exposure to the 

anthelmintic . A tenfold increase in concentration to 10-4M 

dichlorophen , produced clear-cut inhibitory effects ranging from 83 

to 96 per cent during the two 2-hour periods (Table 5 . 21 ) . 

Hexachlorophene , was te sted on both tapeworms at concentrations of 

10- 5M and 10-4M ( tables 5 . 19 and 5 . 20) . At the lower concentration 

uptake was significantly inhibi ted during the first 2-hour period 

( 48 pe r cent P < 0 . 001) . In all the other instances the inhibition 

ranged from 74 to 87 per cent . Niclosamide was tested in concentrations 

ranging from 10-8M to 10-4M and detailed results are presented in 

Tables 5 . 23 and 5 . 24 .  The drugs had no significant effect at la-8M 

but at 10- 7M the rate of uptake was reduced to about half (P < 0 . 001)  • 

At 10-6M and higher the degree of inhibition increased markedly to 

between 81 and 100 per cent . 

Bunamidine was tested at the concentrations of 10- 5M and 10- 3M •  

(Tables 5 . 13 and 5 . 16 ) . The lower concentration had no significant 

effect on uptake but the higher concentrations completely inhibited 

uptake ( Table 4 . 21 ) . Nonethe less , it should be recognised that at 

higher concentrations bunamidine had a non-specific lethal effect on 

the worms as they became immobilised and appeared lifeless . 

(e) O r g a n o p h o sph o r u s  comp o u n ds a n d  q u i n i n e  

2 2 9  

The detailed results are presented in Tables 5 . 15 ,  5 . 16 ,  5 . 17 ,  5 . 2 5 , · 

5 . 26 and 5 . 2 7  and summarised in Table5 . 28 .  Even in high concentrations 

( up to la- 3M) dichlorvos and vincofos were no influence on glucose 

uptake in both T .  ovi s and T .  hyda ti gena . In the case of quinine 

however , the concentration of la- 3M produced an apparent reduction of 

about 20 per cent in T .  hydati gena , but examined statistically this 

difference was found not to be significant . The drug has an even smaller 

effect on glucose uptake of T. ovi s .  

(D B en z i mi d a z o l e s  

The effect o f  the benzimidazoles are shown i n  Tables 5 . 14 ,  5 . 17 ,  and 5 . 25 

and the material from these tables are summarised in Table 5 . 29 .  The 

glucose uptake of T .  ovis was not significantly inhibited by concentrations 



TABLE 5 . 2 3 

THE E F FECT OF  N I CLOSAM I D� ON EXOGENOUS G LUCOSE U PTAKE BY TAEN I A  OVI S** 

DRUG CONCENTRAT I ON GLUCOSE  UPTAKE * �/1 0 0MG WORM/HO UR 
( M) F I RST 2-HOUR PER I OD SECOND 2 -HOUR 

0 42 1 + 2 1 . 5 ( 4 )  3 9 0  + 30 . 6  - -

1 0- 8 36 0 + 2 0 . 6  ( 3 ) 3 1 2  + 10 . 5  - -

1 0- 7  2 7 8  + 32 . 3  ( 4 )  2 2 1  + 9 . 1  - -

1 0-6 16  + 8 . 9  ( 5  ) 5 + 3 . 3  - -

10-5 9 + 7 . 4 ( 5 )  0 -

1 0-4 7 + 5 . 5 ( 4  ) 0 -

** Both immature and mature portions of the worm segme nts . ( see text) . 
* Units are ug glucose consumed per 100 mg we t wei ght of worm pe r hour . 

Values are me ans + S . E .  with numbe r of determinations in parentheses . 
t Niclosamide�piper�zine salt . 

P E R I OD 

( 4 )  

( 3 ) 

( 4 )  

( 5 )  

( 5 )  

( 4 )  

lJ1 

[\J 
· w  
o 



TABLE 5 . 2 4 

THE E FFECT  O F  N I C LOSAM I DEt ON EXOGENOUS GLUCOSE  UPTAKE BY 

TAENIA HYDATIGENA** 

DRUG CONCENTRAli I ON GLUCOSE U PTAKE* �/10 0MG WO RM/HOUR  

(M) F I RST 2 -HOUR  PER I OD SECOND 2 -HOUR 

0 42 6  + 1 8 . 3 ( 12 ) 3 8 4  + 15 . 8  - -

1 0- 8 3 7 2  + 2 6 . 3  ( 4 )  3 8 3  + 2 9 . 3  - -

10-7 2 3 8  + 2 9 . 8  ( 4 )  1 2 1  + 12 . 1  - "'" 

10-6 8 1 + 1 . 3 ( 4 )  2 3  + 4 . 2  - -

10-5 3 7  + 5 . 8  ( 4 )  1 8 + 
4 . 4  - -

10-4 35 + 7 . 7  ( 4 )  8 + 1 . 4 - -

* *  Both inunature and mature portions o f  the worm segments . ( see text) · 
* units are ug �ucose consumed pe r 100 mg wet weight of worm per hour . 

Values a re mean ! .S . E .  with number of determinations in parentheses .  
t Niclosamide-�erdzine salt . 

PER I OD 

( 1 2 )  

( 4  ) 

( 4 ) 

( 4 ) 

( 4 ) 

( 4 )  



TABLE 5 . 2 5 

THE E F F ECT O F  D I CHLORVOS , MEBENDAZOLE AND CAMBENDAZOLE ON THE 

EXOGENOUS GLUCOSE  UPTAK E  BY TAENIA HYDATIGENA** 

�ONCENTRAT I ON GLUCOSE U PTAKE * �/100MG WORM/HOUR 
DR 1:JG (M) FIRST 2-HOUR PER I OD SECOND 2 -HOUR P E R I OD 

- 0 414 � 11 . 6  ( 1 2 )  3 6 9  � 11 . 9  ( 1 2 )  

10-4 41 7  + 36 . 6  ( 4 )  3 6 5 + 2 1 . 3 ( 4 )  - -

D I CH LO RVOS 
. 1 0- 3 + + 40 5 - 35 . 5  ( 4 )  3 48 - 1 8 . 5  ( 4  ) 

10- 5 2 84 + 2 7 . 6  ( 8 ) 2 4 3  + 2 4 . 9  ( 8 ) - -
MEB ENDAZOLE 

10- 4 + + 2 9 3  - 3 1 .  3 ( 7 )  2 30 - 16 . 3  ( 7 )  

10- 5 310  + 2 4 . 5  ( 8  ) 2 6 3  + 2 5 . 9  ( 8 )  - -

CAMBE NDAZOLE 
10- 4 + + 1 8 5 - 1 5 . 3  ( 7 ) 16 1 - 1 8 . 9  ( 7 ) 

. 

* *  Both immature and mature porticos of the worm segments . (See text) 
* Units are ug glucose consume d  per 100 mg wet weight of worm per hour . 

Val ue s  are mean � S . E .  with nUPber of determinations in parentheses . 

. 
N 
VI 



TABLE 5 . 2 6 

THE E F F ECT OF  V I NCOFOS ON EXOG ENOUS G LUCOSE  UPTAKE BY 

TAE N I A  HYDATI GENA** 

DRUG G LUCOSE  UPTAKE* �/ 1 0 0MG WORM/HOUR 
CONCENTRAT I ON F I RST  2 -HOUR  PE R I OD SECOND 2-HOUR  PER I OD CM )  

0 4 8 2 + 2 1 . 3 ( 4 ) 4 0 2  + 1 1 . 9 - -

1 0- 5 5 14 + 3 3 . 5 ( 4 ) 4 30 + 3 8 . 7  - -

1 0
- 3 4 8 3  + 4 4 . 7  ( 4 ) 4 4 4 · :t 3 8 . 9  -

* * B oth immature and mature portions of the worm segments .  (See text )  
* units are ug g lucose consumed per 100 mg wet weight of worm per hour . 

Values are means � S . E .  with number of determinations in parenthe ses . 

( 4 ) 

( 4 ) 

( 4 ) 

tv 
W 
W 



TABLE 5 . 2 7 

THE EFFECT O F  QU I N I NE HYDROCHLO R I DE ON THE EXOGE NOUS GLUCOSE 

UPTAKE BY TAEN I A  OV I S **  

DRUG GLUCOSE  UPTAKE* �G/1 0 0MG WO RM/HOUR CONCENTRAT I ON 

(M) F I RST 2 -HOUR P E R I OD SECOND 2 -HOUR P ER I OD 

0 2 6 6  + 2 6 . 1  ( 4 ) 2 6 0  + 1 7 . 0  ( 4 ) - -
-

10-5 3 2 2  + 30 . 5  ( 2 ) 2 71 + 16 . 5  ( 2 ) - -

10- 3 2 3 1 + 3 9 . 5  ( 2 ) 2 4 5 + 5 8 . 0  ( 2  ) - -

** Both immature and mature portions of the worm segments . (See text) 
* units are ug glucose consumed per 100 mg we t weight of worm per hour . 

Values are means : S . E .  with number of de terminations in parentheses . 



TABLE 5 . 2 8 

SHOW I NG  E F FECTS O F  ORGANOAHO SPHORUS  COMPOUNDS AND QU I N I N E ON GLUCOSE U PTAKE BY TAENIA OVI S  

AND TAEN IA HYDATI GENA 

SUMMA R I  SEll) PERCE NTAG E I NH I B I T I ON O F  GLUCOSE  U PTAKE 

SUBSTANCE  FROM TAEN I A  OV I S TAEN I A  HYDAT I G ENA 

TABLES F I RST SECOND TOTAL F I RST SECOND TOTAL 
2 HOURS  2 HOURS  4 HOURS  2 HOURS  2 HOURS  4 HO URS  

D I CHLO RVOS 

1 0-4 M 0 0 0 0 2 1 

10- 3 M 
5 . 17 & S . lS 

0 0 0 3 6 4 

V I NCO FOS 
10-5 M 0 0 0 0 0 0 

10 3 M 
5 . 16 & s . a; 

0 0 0 0 0 0 

Q U I N I NE 
10-5 M 0 0 0 0 11  5 

10- 3 M 
5 . 2 5 & 5 . 15 

14  3 8 20  2 5  22  

V1 . 
IV 
co 



TABLE 5 . 2 9 

SHOW I NG E F F ECTS OF  BENZ I M I DAZOLES ON GLUCOSE UPTAKE  BY TAENIA OV I S  AND TAENIA HYDATI GENA 

SUMMAR I S ED PERCENTAGE  I NH I B I T I ON O F  GLUCOSE  UPTAKE 

SUBSTANCE FROM TAEN I A  OV I S  TAE N I A  HYDAT I GENA 

TABLES F I RST SECOND TOTAL F I RST S ECOND TOTAL 
2 HOURS 2 HOURS  4 HOURS 2 HOURS 2 HOURS  4 HOU RS 

MEBENDAZOLE 
10- 5 M 5 0 2 3 2  3 3 3 3  

1 0-4 M 
5 . 17 & 5 . 2 5 

0 0 0 3 0  3 8  3 4  

CAMBENDAZOLE 
1 0-5 6 0  6 2  6 1  2 6  2 9  2 7  

1 0 4 5 . 14 & 5 . 2 5 
7 0  7 2  7 1  5 6 5 7 5 6  

U1 . 

tv 
W 
(jI 



5 . 5 . 3  

of lO - 5M and lO-4M mebendazol e .  Howeve r ,  uptake of T. h ydat i gena  

was s ignificantly inhibited by these two concentrations of the 

drug . Cambendazole proved a more powerful i nhibitor and in contrast 

to the situation with mebendazole T. ovi s  appeared to the more 

sensitive worm , which was inhibited at the 60 to 70 per cent level 

wi th both lO- 5M and lO-4M cambendazole . On the other hand , T .  hydati gena 

was lass effe ctive and i nhibition was more closely dose related -

2 3 7  

being about 2 7  per cent for the lO- 5M concentration and around 56 per cent 

for the lO-4M concentration . Both sets of results exhibi t  stati stically 

s ignificant e ffects and the length of incubation appears to have no 

influe nce on the degree of inhibition . 



5 . 6 

5 . 6 D I S C U S S I ON 

With respect to Ascari s the chance discovery that procaine i s  a potent 

inhibitor of glucose transfer is of considerable interest . We have been 

unable to locate any references to work referring to thi s action of the 

local anaes thetic - either in vertebrates or in parasitic helminths . 

The observation may prove to be of considerable significance in relation 

to mode of local anaes thetic action and in this respect further studies 

are fully j us ti fied . One suggestion related to mode of action , indicates 

that procaine functions as a membrane stabilizer and in turn interferes 

wi th permeabi lity of both potassium and sodium ions , and thus disrupts 

the transient permeability to sodium associated with the passage of 

the nerve action potential (NAP) ( Ritchie and Greengard , 1966 ) . An 

alternative suggestion i s  that of Ekenstram ( 1966) who postulated that 

the protein layer of the n'2rve cell membrane possesses receptor site s  

which bind with the local anaes thetic. resulting in occ lusion o f  the 

pores . Procaine appears to act on the internal surface of the nerve 

membranes including that of the giant squid axons (Narahashi , et ai , 

1970 ; Narahashi and. Frazier , 197 5 ) . I n  addition , procaine i s  recognised 

to inhibit cholinesterases derived from many di f ferent sources - as an 

example lobster nerve homogenates ( S impkins et ai , 19 7 2 )  and house fly. 

head (Soeda 'et ai , 197 5 ) . In view of the results reported later with 

organophosphorus compounds it would seem unlikely that the glucose 

transport is related to an acetyl choline-choline sterases system . I t  i s , 

however , known that active glucose uptake i s  sodium linked and it seems 

probable that the inhb'i tion of uptake is related to the local 

anaes thetics potential to inhibit sodium pump mechanisms . Further 

s tudies in thi s  area could well prove fruitful in both eluGidating 

g lIJeofl9 trans ie;J; meshanisms ail wel l  ail the fW\4�n�.1 mode o't .CI�S.Ofi 

of the local anaes thetic procaine . 

Cambendazole and mebendazole are distinguished from other benzimidazoles 

in that both possess a carbamate function in the 5 position . Inhibition 

of g lucose uptake was postulated as the primary mode of action of 

mebendazole and as cambendazole also possesses the carbamate moiety , 

Van den Bossche ( 19 7 2 )  predicted that the last named benzimidazole 

would also i nterfere with glucose uptake . This suggestion has been 

2 3 8  



5 . 6  

conf irmed by the pre sent s tudy . Examination of the chemical s tructure 

of procaine indicates features reminiscent of the carbamate side-chain 

of the 2-benzimidazoles and it is pos s ible that all these substances 

act as competitive inhibitors by combining with the glucose carrie r .  

Clari fication of these aspects must wait further i nve s tigation . 

With tape�rms , the initial studies indicate that in general , 
and 

anatomical regions o f  the worms �ab solute rate of glucose uptake are 

not related, consequently , the results obtained from various portions 

may val idly be combined for comparative purpose s .  The uptake i s  

c learly sodium dependant in both T .  hyda ti gena and T .  ovi s ,  s o  that 

these worms conform to the. general pattern outlined for other cestodes 

in the introductory section ( a  small amount of trans fer occurs in 

sodium- free media and this could pos s ible be the re flection of a 

passive diffusion mechanism) • 

As in the s i tuation with mos t other ces tode previously examined 

( Section 5 . 3 . 2  c )  phlori zin proved a potent inhibitor of glucose 

transfer in both species of tapeworm and in addition a higher 

concentration ( lO-4M) of iod�ce tate was clearly shown to i nterfere with 

the uptake mechanism of T. hyda t�gena . 

The actions of dinitrophenol are fully in agreement with i ts known 

action as an uncouple of oxidative phosphorylation and in low 

concentrations it appears to be a potent inhibitor of glucose transport 

in both T. hyda tigena and T .  ovi s .  I t  can be assumed from the above 

observation that glucose uptake through the tegument of T .  hyda ti gena 

and T .  ovis conforms to the establ ished pattern among other cestodes . 

The findings with procaine clash with those relatedf;intestinal absorp-

tion by Ascari s because under the conditions of the tapeworm 

2 3 9  

e xperiments no procaine inhibition would be demons trated . These results 

are however ,  equivocal to the extent that the total period over whi ch 

tapeworm experiments . were conducted was four hours and it i s  pos s ible a 

more proloftged !fte�.eion period ( aueh a8 ehe 2 4-nour period u�ual tor 

Ascari s experiments ) may reveal an inhibitory effect . Nonetheless , the 

failure of even high concentrations of both procaine and lignocaine ( lO- 3M) 

to show evidence of inhibition , suggest strongly that these substances 
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do not interfere with the uptake mechanism in the tapeworm . Further 

work should be carried out to confirm the findings , because a close 

comparative s tudy between the effect of local anaesthetic on cestodes 

and nematode s may reveal valuable fundamental information on trans fer 

mechanism operating between members of these two great phyla . 

The re sults obtained from the actions o f  the various phenolic 

anthelmintics and bunamidine might have been predicted on the basi s  

of their known properties a s  uncouplers of oxidative phosphorylation 

both in vertebrates and Hymenol epis . However ,  the present s tudies are 

the first indicating that activity of the anthelmintics extends to 

T .  hyda ti gena and T .  ovi s . The presence of true cholinesterase 

( acetylcholinesterase )  in the teguments of many species of tapeworm 

has raised the intriguing question� as to i ts role ( Chapter 4 ) . As 

acetylcholine is of paramount signi ficance in receptor permeability 

i t  is easy to postulate that cholinesterase in worm teguments may be 

involved wi th absorptive mechanism and to assign such a role to the 

enzyme . Nonetheless i t  should be remembered that the presence of the 

biologically active substance does not presuppose and an e ssential 

physiological role . For i t  i s  recognized that throughout evolution 

redundant mechanisms may be incorporated in the more advanced or 

younger forms of the animal . 

Dichlorvos and vincofos are known to inhibit helminth cholinesterase 

and can be shown histochemi�lly to inactivate the acetyl enzyme in 

cestode teguments ( Chapter 6 ) . Nonetheless these substance s had no 

e ffect whatsoever on glucose uptake and it appears that there fore 

the enzyme has no role i n  carbohydrate transport .  

Qu i n i'oe i s  also recognised to possess anticholinesterase properties 

ana l�kewise �ih� be POi'��.C.4 co haYi no aotLon on ,1uoe •• upeAke . 
Its effect in a high concentration , howeve� might possible be related 

, 
to i ts wel l  known abi l i ty to uncouple phosphorylated oxidation . 

2 4 0  
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CHAPTER 6 HELMINTH CHOLINESTERASE : HISTOCHEMICAL STUDIES 

AND THE INFLUENCE OF INHIBITORS 
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CHAPTER 6 HELMINTH CHOLINESTERASE :  HISTOCHEMICAL STUDIES 

AND THE INFLUENCE OF INHIBITORS 

6 . 0  I N TRODUC T O RY REMARKS 

It is a generally accepted pharmacological principle that drugs seldom , 

if eve r ,  confer new biological properties on ce lls , but rather bring 

about their effect by modi fying ( enhancing or inhibiting) normal 

physiological mechanisms . Consequently , the detection of the presence 

of bioactive substances , such as enzymes and neurohormone s  and their 

localisation in relation to anatomical s tructure s ,  such as nerve muscle 

or tegument forms an important basis for interpretation of drug action . 

VaTious techniques may be employed - such as outlined in Chapte r 4 ,  

where information was obtained on the sub-cel lular localisation of 

cholinesterase . How�er ,  the anatomical s tructure of worms is such 

242 

that the isolation for analysis of discre te organs such as nerves or 

ganglia is not pos s ible . This is in contrast to the vertebrate where 

dissection of tissues such as portions of brain to enable assay of bioactive 

substances is feasible and an important technique in neurophysiology . 

To some extent this problem with he lminths is overcome by the use of 

histochemical techniques .  In general , these methods re ly on a chemical 

reaction , which may be related to the presence of an enzyme or a 

bioactive substance , and which results in the production of staining 

or fluorescence . The methods related to choline sterases and their 

inhibition have been used in the present work and these reveal 

cholinesterases and their localisation in species not previously 

s tudied and the effects of dichlorvos and vincofos as inhibitors . 

6 . 1  H E LM I N T H  C H O L I N E S TE RA S E  H I S TO C H EM I S TRY 

Biochemical s tudies of helminth cholinesterase have been reported 

previou81y (Ohapu.� 4 ' , 

Pepler , ( 1958)  making use in part of histochemical methods , demonstrated 

cholinesterase in the miracidia of S .  mansoni . In the same year , 

Fenne ll and Pastor ( 1958 ) reported cholinesterase in Tetrahymena 

pyriformi s . Lee ( 1962)  i nvestigated cholinesterase and other 
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esterases in pig Ascari s  us ing three methods of histochemical 

staining ; 5-bromoindoxylacetate method , the naphthol AS acetate -fast 

TR salt method of Pears ( 1960) and the acetylthiocholine method of 

Gomori ( 195 7 ) . Later ,  Lee e t  al . ( 19 6 3 )  outlined the s ites of 

cholinesterase acti vi ty in H. taeniaeformi s (T.  taeniaeformi s) and H .  

diminuta and Lee and Tatchell demonstrated the sites o f  cholinesterase 

in horse tapeworm of Anoplocephala perfoli a ta ,  using Gomori ' s  method . 

Forbe s ( 1965)  outlined the cholinesterase sites of T .  taeni aeformi s ,  

E .  granulosus and M .  expansa by the Gerebtzoff ( 1959)  method . In 

ce rcariae of s .  mansoni , cholinesterase activity was shown by Lewet and 

Hopkins ( 1965)  by the Gomori ( 19 5 7 )  technique . wi lson ( 1965)  demonstrated 

the distribution of ace tylcholineste rase in the s colex of Hymenolepi s spp 

and Bogitsh ( 1967) , used histochemis try to visualise the ne rvous system 

of Hymenolepi s .  In addi tion the histochemical localization of 

acetylcholinesterase- of H. diminuta was reported by Graff and Read ( 1967) . 

Douglas ( 1966 ) used the thiocholine technique for H .  diminuta and 

S .  mansoni . Fripp ( 19 6 7 )  reveal�d site s  of cholineste rase activity in 

adult s chistosomas, namely S .  haema tobi um; S .  mansoni and S .  rodhai ni , 

us ing Gomori ' s  method and acetylthiocholine iodide for true cholinesterase 

and butyrylthiocholine iodide for pseudocholineste rase . He observed 

that the inhibitor , 62 C47 , which is a specific inhibitor for mammalian 

acetylcholinesterase is only partially inhibitory to the acetylcholin­

esterase of paras ites and that , cercariae and miracidia possess only 

true cholinesteras activity . In F .  hepatica cholineste rase was located 

in the prostate ( Boust et al . 1966) and intestines (Halton , 1969 ) . 

Kral j  ( 1967 ) , using the staining method of Koe l le and Friedenwald ( 1949) 

demons trated the site of cholinesterase localization in M. expansa , 

T .  hydati gena and D .  cani num . Eserine sulphate was used for the 

selective dete rmination of acetylcholineste rase and butyrylcholin­

e ste rase . Znidari c and Lui ( 1967)  demonstrated the choline sterase 

localization in Strongyl us edentatus ; S .  vulgari s ;  Metastrongyl us 

elonga tus and Choerostrongyl us pudendotectus . An investigation of 

localization of cholineste rase activity in A .  suum, Parascari s equorum, 

Neoascaris vi t ulorum and Oxyuri s equi was undertaken by Znidaric . ( 1967 )  

and Krvavica et al . ( 1967 )  and Krvavica et al e ( 1971)  demonstrated 
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the locali zation of acetylcholine sterase and non-specifi c  cholineste rase 

site s  in F .  hepa ti ca · Panitz and Knapp ( 1967 ) studied the enzyme in 

the miracidia and Panitz and Knapp ( 1970)  showed that in F. hepa ti ca 

acetyl cholinesterase is inhibited to a greater extent by paraoxon than 

i s  pseudocholineste rase . They concluded also that Fasciol a has at least 

two cholinesterases � 

Eranko et al e ( 1968) , demonstrated both the biochemical and histochemical 

locali zation of choline s te rase in T .  taeniaeformis . I so-OMPA and BW62C47 , 

whi ch are inhibi tors of butyrylcholine sterase and ace tylcholinesterase 

respective ly ,  in mammalian tissue and blood , did not inhibit the worm 

cholinesterase . 

Hist;ochemical identi fication of choline sterases of H .  taeni aeformi s ,  

D. caninum and E .  granul6sus were made by Shield ( 1969 ) , using the method 

of Karnovsky and Roots ( 1964 ) with di fferent inhibitors . He concluded 

that E .  granulosus has no butyrylcholinesterase . Re znik ( 1970 ) showed the 

localization of nonspecific e sterase and cholineste rase in A .  gal l i . 

Ramis z  and Szankow rka ( 19 7 1 )  studied the cholinesterases in migrating 

larvae and encys ted Tri chinell a  spi rali s  using various cholineste rase 

inhibitors . He concluded that both enzymes were present in muscle 

fibres and in 60 be 70 per sent ef �. spi ral i s  capsules .  Rethwe ll et al . 

( 19 7 3 )  demonstrated that the fourth stage larvae o f  Tri chostrongylus species 
had the highest level of cholinesterase activity . DiConza and Basch 

( 1975 ) demons trated cholineste rase in sporocysts of S .  mansoni and tested 

e serine ( 10-5M) and other inhibitors . Wright and Awan ( 19 76 )  developed 

improved histochemical methods to reve al the sites of cholineste rase 

in the region of the nematode nerve ring by using ultrasonic pretreatment 

and staining by Karnovsky and Roots ( 1964) . They also used eserine , 

�so-OMPA and BW2 84C5 l as inh ibitors and found that iso-OMPA , a potent 

butytylcholinesterase inhibitor of mammalian tissue s , had no apparent 

e ffect on the nematode esterase when both acetylthiocholine iodide and 

butyrylthiocholine iodide were substrate s . 

6 . 2  M AT E R I A L S  A N D  M E T H O D S  

6 . 2 . 1  H e l mi n t h s o u r c e s  
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T .  ovis and T .  hydati gena were obtained from experimentally infected dogs 

and Moniezia from a local freezing works ( Chapter 4 . 3 . 1 ) 

6 . 2 . 2  D r u g s  a n d  Re a ge n t s  

The inhibitors and the ir final concentrations were eserine ( lO-SM) 

(physostigmine salicylate ) (Mac farlan smi th Ltd . Edinburgh ) ; vincofos 

( 10- 3M) ( formula No .  so 13803 9-7-7 -6 TKH) ; and dichlorvos ( 10- 3M) 

( formula No SO 1 7S0 7 -16-0- 1 3  TKH ) . The last two chemicals were made 

available by courtesy of Shel l  Development Company Biological Science s  

Research Centre , Modesto , Cali fornia ,  U . S . A .  Acetylthiocholine iodide 

( Sigma Chemi cal Company , S t .  Loui s , U . S . A . )  and butyrylthiocholine 

iodide (B . D . H .  Chemical Ltd . . POQle , E:ngland) were used as substrate s .  

6 . 2 . 3  H i s t o c h e m i c a l  Te c h n i q u e s 

Fol lowing collection the worms were immediately washed three or four 

times with O . lSM NaCl solution at 3 7oC ,  blotted on paper towe l s  and 

fixed in cold ( SoC) . 10 per cent phosphate formalin buffe r ( 4 %  

formaldehyde ) p H  7 . 0  for a period varying from 1 day t o  four weeks . There 

was no evidence that the enzyme activi ty became reduced over this period 

( Shield , 1969 ) . 

These worm segments intended for whole mounts were flattened and fixed 

between two glass-slide s  fastened by rubber rings at both ends . The 

flattened worm segments were taken from the fixative and washed briefly 

in die �illed water be tore incubation .  The untlattened worm segments ,  

used for sections , were washed briefly in distilled wate r .  They were put 

on a chuck supported in Ames D . C . T .  compound and frozen on the free zing 

stage of an international mode l CTD cryostat . Frozen worm segments were 

cut at 30 to 40 � at a temperature of -20oC to -2SoC .  The sections were 

placed in a tray of dis ti l led water and the free -floating ones lifted 

out on albuminized glass s lides and air dried . 

The indoxylacetate and Karnovsky and Roots ( 1964 ) methods were used as 

described by Pearse ( 1960 , 1972 ) . For the last named method incubation 

was carried out at 3 70C for 16 to 18 hours for whole mounts , and 1 to 
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3 hours for sections . The Gerebtzoff ( 1959)  method was employed as 

de s cribed by the author . Whole mounts were incubated for 16 to 22 hours 

and sections 2 - 3� hours . 

In the i nhibitor experiments the worm material was pre incubated with 

the inhibitor for 1 hour (whole mounts ) and 30 minutes ( sections ) prior 

to incubation with substrate . Controls which were lacking inhibitors 

in both incubation phases were always included in each s taining run . 

No colour developed i n  the preincubation stage . Following i ncubation 

the tissue s  were washed with disti lled wate r ,  dehydrated i n  50 , 75 , 95 

per cent and absolute alcohols ,  c le ared i n  xylol and mounted i n  OPX , 

allowing one hour for the alcohol s teps for whole mounts and a few 

seconds for sections . 

K e y  t o  Le t t e r i n g F o r  F i'gu r e s' ,6 . 1  t o  6 . 1 4 

A . N apical nerve H = hook 

Af . N  afferent nerve HM = hook muscle 

Ax = axon IG interproglottid = glands 

C = ci rrus LNT lateral = nerve trunk 

CC = ci rcular commissure NN = nerve network 

Co calcareous corpuscles PC = primordial cell 

CG = cervical ganglion 

CS = cirrus sac R rostellum 

0 = dendri tes RC = receptor cell 

ED = excretory duct RH = rostellat: hook 

GP = geni tal poce S = sucker 

GPr genital primordia SO = spermatic duct 

GC = ganglion cell ST sub-tegument 

T = tegument 

TN = transverse nerve 

UL = uterine l ining 
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6 . 3  R E S U L TS 

The results are reported in two groups . The first concerned with 
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normal cholinesterase s taining without inhibitors ( 6 . 3 . 1 ) and the second 

where inhibitors were employed ( 6 . 3 . 2 ) . 

6 . 3 . 1  

(a) 

No rma l S t a i n i n g Re a c t i o n s  

T e ch n i q u e s  

The Gerebtzoff , Karnovsky and Roots and the indoxyl-acetate methods , 

were all investigated .  The last named gave persistently poor results 

and was soon abandoned .  The Karnovsky and Roots method has not been 

previous ly employed for parasitic helminth work and in the present study 

was used for staining whole mounts of Moni ezia (Fig 6 . 2  A , B , C) whole 

mounts of T .  ovis (Fig 6 . 4 , A , B , C , D  and Fig 6 . 6 )  and frozen sections 

of T .  ovis (Fig 6 . 5  A , B ) . I n  our experience the method gave far less 

satis factory results than the Gerebtzoff method previously employed . 

Unpublished work (Forbes 196 5 )  had shown ( Fig 6 . 1 ) that the cuticle of 

T .  taenia eformi s consistently gave a pos itive reaction to acetylthio­

choline ( demonstrating the presence of acetylcholine-esterase (Fig 6 . lB )  

and this is in agreement with the findings of Lee et al e ( 196 3 ) . with 

the· Karnovsky and Roots method and acetylthiocholine however ,  although 

apparent s taining of the tegument could be demonstrated on some 

occasion� as with T .  ovis ( Fig 6 . 4A , C  and Fig 6 . 5A , B , on other occasions 

the s tructure failed to s tain , as for example , with Moni ezia (Fig 6 . 2A) . 

On one occasion , the influence of eserine was te sted on the hydrolysis 

of butytylthiocholine and inhibi tion demonstrated by the Karnovsky and 

Roots method (Fig 6 . 4E ) . I t  should be noted however , that Lee and 

Tatchell ( 1964 ) were unable to demonstrate cholinesterase in the 

cuticle of Anoplocephala perfoli a ta and Kralj ( 1967 )  - us ing the method 

of Koe lle and Friedenwald ( 1969 ) - was unable to demonstrate 

acetylcholinesterase activity in the tegument of T .  hyda ti gena , 

Moni ezia expansa and Dip}udi um caninum . Our ove rall impression is that 

s taining reactions for illustrating s ites of cholinesterase action can 

be capricious and vary between techniques and pos s ibly also between 

laboratories and individual workers . The main contention arises from 

the apparent presence of acetylcholinesterase and the absence of 

pseudocholineste�ase in the tegument of some species and the complete 

absence or only weak activity of both enzymes in other species . The 



248 

6 . 3 . 1  

Gerebtzoff method was employed for most of the work , both for demonstrating 

normal patterns of choline sterase distribution and the action of the 

various inhibitors . Both acetylthiocholine and butyrylthiocholine were 

employed as substrates . Acetylcholinesterase and pseudocholinesterase 

hydrolyse acetylthiocholine , but butyryl thiocholine is hydrolysed only 

by the nonspecific enzyme . The presence of a reaction when 

butyrylthiocholine is used as substrate can be taken as presumptive 

evidence of the presence of pseudochol inesterase . 

6 . 3 . 1  

�) R e a c t i o n s  

Scoleces were studied i n  the form of whole mounts (Fig 6 . IA ;  6 . 4A , B ;  

6 . 10A ; 6 . 13A) and frozen sections (Fig 6 . 7A , B , C , D) . With whole mounts 

the Karnovsky and Roots method (Fig 6 . 4A , B )  proved unsatisfactory for 

de fining the deep structures of the scolex region . With acetylthio­

choline as substrate , the tegument sometimes stained a dark brown , but 

this reaction was far from cons istent (Fig 6 . 4A)  and with butytylthiocholine 

as substrate there was little or no staining reaction (Fig 6 . 4B ) . By 

contrast , whole mounts of T .  taeniaeformi s treated by the Ge rebtzoff 

method and using butyrylthiocholine as substrate , clearly outlined the 

nerves and ganglia of the scolex region ( Fig 6 . IA) . In this cleared 

specimen , a strong choline sterase response can be seen in the cerebral 

ganglion and circular commissure connecting the ganglia at the base of 

the roste llum .  From the commissures arise the apical nerves which supply 

the rostellum and hooks and also the nerves j oining circular nerve 

trunks which travel around the periphery of the suckers . Longitudinal 

nerves , which traverse the length of the strobi la arise from the region 

of the cerebral ganglia and the circular commissures . In the pre sent 

study wi th T. hyda tigena the Gerebtzoff method failed to show cuticular 

staining of whole mounts when acetylthiocholine was used as a substrate 

(Fig 6 . 10A) . Heweve � , the oi�eul.� a��.",emefte ef �h. ft.�Y8 e�unk. eo 
the sucker can be clearly seen and a rich display of activity occurs in 

the vicinity of the hooks . Pretreatment with eserine lO-SM (Fig 6 . 100) 

enables finer detai ls of the network to be visualised . The nerves 

running around the circumference of the sucker can be clearly seen , as 

wel l  as · the tiny nerve endings , undoubtly supplying sucker muscles . 
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Fig 6 . 13A illustrates the use of the Gerebtzoff method with 

butyrylthiocholine as ·substrate . Unlike the whole mounts shown in 
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Fig 6 . 10 the scolex of T. hydati gena was not cleared , and it can be seen 

in this instance that there is  very li ttle visualization of the deeper 

structures of the scolex region , although there is clear cut evidence 

of pseudocholinesterase activity from the muscles of the hooks and in 

the nerves supplying the suckers . There is no evidence of activity 

in the tegumental region . 

Frozen sections of scoleces of T .  hydati gena were stained using the 

Gerebtzoff method ( Fig 6 . 7 ) . It  can be seen ( Fig 6 .  7A) that where 

acetylthiocholine is used as a substrate , there is an intense staining 

of the tegumental region . This section , also illustrates intense 

activity in the region of the ros tellar hooks and the section has 

traversed the area of the cerebral ganglion and shows nerve trunks 

travel ling from this region to the tegumental structures . The section 

also traverses the longitudinal nerve trunk and the neural connection 

be tween them . Transverse nerves can be seen in the region of the neck . 

By contrast ,  Fig 6 . 7B illustrates a simi lar region stained us ing 

buty :r;yl.thiocholine as substrate . The most striking difference appears 

in ·the somewhat faint reaction in the tegumental region . Reaction has 

occurred in all the nerves and commissures of the scolex and in the 

longitudinal nerve trunk . Clear connections can be seen between the 

cerebral ganglion and the hooks . These features are i llustrated in 

more detail in Fig 6 . 7C ,  where connections between the cerebral ganglia 

and the hooks are clearly illustrated , as wel l  as a fine network of 

nerves ramifying in the periphery and reaching into the tegument .  The 

region of the base of the hook cons istantly shows a high degree of 

staining and this is  exemplified in Fig 6 . 70 .  

Whole mounts o f  the body region i l lustrate important anatomical and 

his tochemical features of S ignificance in predicting ' function . For 

comparison bQtwa n .p Gias , a wh��. �G�nl �f • 35 a_V-Old I .  �.hwl Oj�' 
has been included . The segment has been stained by the Gerebtzoff 

method using buty xylthiocholine (Fig 6 . lC) and the photograph has been 

enlarged to i llustrate the sites of pseudocholinesterase activity in 
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the region of the cirrus sac . It can be seen that there are discrete 

plaques of intense staining covering the surface of the sac . These 

might be considered to represent de fined areas of pseudocholinesterase 

activity associated with structures analagous to motor-end plates 

of vertebrate muscle . The cirrus opening itself , appears surrounded 

by an area of an intense activity and the lateral nerve cord stains 

strongly and numerous transverse nerves can be seen arising from i t .  

The result , us ing the Gerebtzoff method with mature segments o f  Moni ezia 

is shown in Fig 6 . 2 .  As mentioned previously , the Karnovsky and 

Roots method showed no intense staining of the tegument , 'but there i s  

an intense reaction around the genital pore as previous ly shown with 

Echinococcus .  with butytylth iocholine as substrate , the staining 

reaction in the tegumental region appears s lightly less intense , but 

again there is intense reaction in the vi cinity of the genital pore and 

the longitudinal nerve trunks . Moreove r ,  a nerve network within the 

segment i s  apparent , but there is no evidence of activity in the region 

of the interproglottid glands . The results obtained with the Gerebtzoff 

method and butyrylth iocholine are i l lustrated in Fig 6 . 2C .  Again there 

is staining in the vicinity of the genital pore , the lateral nerve trunks 

are showing a clear reaction and there is an intense response in the 

region of the geni tal primordia . The technique reveals a complex nerve 

network ari s ing from the longitudinal nerves and most interestingly , 

there is a clearcut discrete reaction association with the interprog­

lottid glands which in turn appear to be connected by fine fibri ls to the 

nerve network . The function of these glands has never been defined . 

Fig 6 . 3A , B  show higher magnifications of the nerve network of Moni ezia , 

stained by the Karnovsky and Roots method with acetylthiocholine as 

substrate . A neurone -like ce ll is apparent connected with the nerve 

network . 

i l luB�rat�Gns sf wh�le Moun�s of 8.tM�nts ef � ,  ov4 s ( Karnoysky and 

Roots ) with acetylthiocholine as substrate are shown in Fig 6 . 4C .  As 

mentioned previously , this mount shows intense activity in the 

tegumental region , in contrast to Fig 6 . 4D ,  showing the genital pore 

region of a mature segment ,  where i t  can be seen there i s no evidence of 

pseudocholinesterase activity in the tegument . The ci rrus organ does , 

however ,  stain quite clearly and there i s  some reaction associated 
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the spermatic duct and the longitudinal nerve cord . Fig 6 . 4E il lustrates 

the influence of eserine on a T .  ovis segment stained by the Karnovsky 

and Roots method using butyrylthiocholine as substrate . It can be 

seen that there is very de fini te inhibition of the pseudocholinesterase 

activity . Moreover ,  the resulting faint staining enables visualization 

of the cirrus sac and the spermatic duct . Highe r magnifi cations of 

whole mounts of proglottids of T .  ovis reveal finer detai ls of the nerve 

structure within the segment ( Fig 6 . 6 ) . In Fig 6 . 6 . A,  the Karnovsky 

and Roots method and acetylthiocholine were employed . Fine feature 

of the nerve network can be seen , and there appears to be discrete 

patches of the cholinesterase activity associated with the calcareous 

corpuscles . When butytylthiocholine was used as substrate , the 

reaction of the corpuscles was less marked , but the network is 

visuali zed and in the, present i l lustration , a nerve cell is rev.ealed 

which appears to have one axon and several dendrites . The ce ll is  

staining intensely for pseudocholinesterase . I ts general structure 

suggests it may be a stretch receptor . Whole mounts of T .  hydati gena 

shown in ( fig 6 . 1DA , B )  failed to demonstrate a strong acetylcholinest­

erase activity in the tegument . The reasons for this are not known . 

Nonetheless , the longitudinal nerves stained strongly and transve rse 

and lateral nerves can be seen proceeding across the body and to the 

periphery . The cirrus organ stained quite strongly ( Fig 6 . 1De) • 

Wi th the Gerebtzoff method and butytylthiocholine the cirrus organ again 

stained intensely and there was intense staining in the longitudinal 

nerve trunk . But again the tegument failed to show evidence of 

cholinesterase activity (Fi g .  6 . 13B) . 

Frozen section of the body portion , with the Karnovsky and Roots 

method and acetylthiocholine as substrate are i llustrated for T. ovis 

( Fig 6 . 5A , B ) . In the peripheral region , it can be seen that there is 

a clearly defined staining of the tegument (Fig 6 . 5A) . The lining of 

the excretory duct also shows a positive reaction and there is 

reaction in the lining of the uterus and in the deve loping ova . 

Fig 6 . 5B again i l lustrates stro�g staining reaction with acetylthiocholine 

in the tegument and there is a bilateral series of dark spots 

i llus trating the transection of the circular nerves . The uterine 
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lining gives a reaction and there is a response amongst the developing 

ova . The Gerebtzoff method has been employed on frozen body sections 

of T. hydati gena using acetylthiocholine as substrate . A gravid 

section is shown in Fig 6 . BA .  Strong reaction can clearly be seen in 

the transverse section of the longitudinal nerve trunk ; from it two 

major trunks transverse to j oin the opposite trunk . From the transverse 

trunk arise large numbers of fine nerves which can be traced into the 

parenchyma and into the tegument i tsel f .  The uterine lining shows a 

pos itive reaction , as do the primordial cells within the uterus itse l f .  

The tegument shows a positive reaction for acetylcholine sterase . 

Fig 6 . BB ,  i llustrates a similar reaction , but more clearly defines the 

re lationship of nerve s running from the central e lements to the periphery 

and here it can be clearly seen that many nerve s are afferent in 

character and arise from tiny receptor cells within the tegument itself . 

Again the cuticle has shown a positive reaction as has the nerve trunk 

and the uterine e lements . Fig 6 . BC , D illustrate the finer structure of 

the nerve arrangement in the tegumental region in somewhat higher 

magni fication . I t  can be seen the nerve network is associated with the 

rich source of receptor cells in the tegument and possibly subtegumental 

region as wel l . The complete conne ction between these receptors and the 

ce lls of the longitudinal nerve cord is well i llustrated in Fig 6 . BE .  

I n  Fig 6 . 9 ,  a close visualization o f  the structure o f  the longitudinal 

nerve trunk is presented . It can be seen that there is a powerful 

cholinesterase activity at the centre of the cord but the activity becomes 

less clearly defined in the transverse branches .  In Fig 6 . 9B ,  

butyrylthiocholine has been employed as substrate and this method has 

enabled another clear visualization of the tegumental receptors and their 

connection to the central elements of the nervous system . Similar findings 

can be made from Fig 6 . 9C taken from a s lightly different portion of the 

worm segment . Fig 6 . llA shows acetylcholinesterase activity in a 

longitudinal section of T .  hydati gena and it can be seen again that the 

tegument is showing a strong positive reaction . Calcareous granules can 

be seen within the parenchyma but the se are not showing strong reactions . 

Fragments o f  the longitudinal nerve s can also be de fine d .  This activity 

was completely inhibited by pretreatment with vincofos lO- 3M .  Other 

examples of transverse frozen sections of T. hydati gena are illustrated 

in Fig 6 . l2A , B  and C .  Al l were treated by the Gerebtzoff method using 
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acety lth iocholine as substrate . Fig 6 . l2A , traverses the genital pore 

and cirrus organ and a strong reaction can be seen in the organ itse l f  

and in the spermatic duct leading to i t s  base . In Fig 6 . l2B , sectioning 
) 

the region of the longitudinal nerve cord , a strong reaction can be seen 

in the nerve cord and a gr
'eat arboration of nerve trunks from the cord 

to the periphe ry . The excretory canal is showing a positive reaction . 

Fig 6 . l2C i llustrates a fairly strong reaction in the tegument and again 

the tiny tegumental receptors can be defined . The section also traverses 

the cirrus organ wh ich in turn is showing a strong reaction . Fig 6 . l4A 

shows a mature frozen section treated with butyrylthiocholine as 

suQstrate cut in a longitudinal plane . There is a weak choline sterase 

response in the cuti cle and in a few of the deeper nerve e lements 

arising from the circular nerve trunk . The section shown in Fig 6 . l4B 

traverses a gravid segment , and there is no evidence of pseudocholinest­

e rase in the cuticle itse l f , but there is a fairly large zone of staining 

probably representing subtegumental nerve endings . The lateral nerve 

trunk and transve rse nerve trunk show a weak reaction . 

6 . 3 . 2  I n f l u e n c e  o f  i n h i b i t o r s  

The influence o f  eserine on the reaction o f  T .  ovi s with butyrylthio­

choline , using the Karnovsky and Roots method has been i llustrated in 

Fig 6 . 4E .  It can be clearly seen that eserine ( lO-5M) has a marked 

inhibitory e ffe ct on the activity of the enzyme . Another i llustration 

of inhibition i s  see n i �. Fig 6 . llB where it can be seen that pre­

treatment wi th viricofos ( lO-3M) for 30 minutes prior to incubating the 
, 

section wi th acetylthiocholine for 2 hours , has produced an almost 

complete inhibi tion of ace tylcholinesterase activi ty . 

Fig 6 . l0A-H i llus trate s the influence of various inhibitors on 

�hb l � hQ a �  r... aQ��V��¥ tif &Qe�8� ana b6Sy �e���on. O� wh�l. �Ouh�� sf 
T. hyda ti gena treated by the Gerebtzoff method us ing acetylthiocholine 

as substrate . The figures A , B  and C i llustrate normal reactions of 

the scolex,  a body segment and the cirrus region , respective ly .  Eserine 

lO-5M has a clear-cut inhibitory e ffe ct on both the scolex and the 

cirrus region (Fig 6 . l0D , E) . The effect of dichlorvos ( l0-3M) on the 

scolex and a mature segment are shown in Fig.  6 . l0F , G .  It i s  clearly 
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seen that thi s organophosphorus compound i s  a powerful inhibitor of 

acetylcholinesterase . Fig 6 . 10H i llustrate s the action of vincofos 

on the cirrus regi on of the gravid segment and should be compared 
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with the untreated segment in Fig 6 . 10C . I t  can be seen that the normal 

acetylcholinesterase activi ty is appreciably inhibited by the vincofos . 

Fig 6 . 12 illustrates the e ffe ct o f  inhibitor on frozen section of 

T. hydati gena using the Gerebtzoff method with acetylthiocholine as 

substrate . Fig 6 . 12A , B , C  repre sent the control segments which have 

been dis cussed previously . Fig 6 . 12D shows the effect of preincubation 

with eserine at 10-5M fol lowed by an incubation for 4� hours with the 

substrate . I t  can be seen that this regime has brought about almost 

complete inactivation of cholinesterase activity . Simi lar findings 

occurred when segments were pre incubated with dichlorvos ( lO-3M) for 

30 minutes and then incubated for a further 3 hours in substrate . 

The same procedure wi th vincofos , has been i llustrated in Fig 6 . 12F 

and again it can be seen that there is appreciable - inhibition 

of cholinesterase when this section is compared with the controls . 

Butyrylthiocholine was employed as substrate with whole mounts of 

T .  hyda ti gena using the Gerebtzoff method ( Fig 6 . 13 ) . Normal reactions 

( Fig 6 . 13A , B ) have been dis cussed previously and represent a 16 hour 

incubation period in the butyrylthiocholine substrate . In the 

inhibition experiments ,  the segments were preincubated for 1 hour 

with inhibitor and for a further 16 hours with the inhibitor plus 

substrate . The e f fe cts are i llustrated for e serine , Fig 6 . 13C , for 

dichlorvos Fig 6 . 13D and for vincofos , Fig 6 . 13E . In all instances 

it can be seen that the inhibitors have brought about a clear cut 

reduction in pseudocholinesterase activity . 

The e ffect of inhibitors on pseudocholinesterase in frozen sections of 

T. hyda ti gena using the Gerebtzoff method and butytylthiocholine as 

substrate are illustrated in Fig 6 . 14 .  Fig A and B show respectively 

normal reaction to incubation of the longitudinal section 

and the transverse section ( ��  hours ) . These staining reactions have 

been commented on previously . In the se inhibitory experiments all 
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Fig 6 . 1  Showing sites of cholinesterase activity using the 
method of Gerebtzoff ( 19 5 9 ) . 

(A)  Whole mounts of scolex of T .  taen i aeformi s ( x  80 ) . 
Butyrylthiocholine substrate . 

2 5 5  

( B )  The section o f  a frozen mature segment o f  T .  taeniae­
formi s ( x  100) . Acetylthiocholine substrate . 

(C )  Whole mount of 35-day-old Echinococcus . ( x  600) . 
Butytylthiocholine substrate . 
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6 . 2  

Fig 6 . 2  

(A) 

(B )  

( c )  

Showing sites of cholineste1 ase activi ty in  whole mounts of  
Moniezia 
Mature segment (x 100 ) . Karnovsky and Roots ( 19 6 4 )  method . 
Acetylthiocholine substrate . 

2 5 7  

Mature segment of Moni ezia ( x  100) . Karnovsky and Roots method . 
Butyrylthiochol ine substrate . 
Mature segment ( x  6 5 ) . Gerebtzoff method . Butyrylthiocholine 
substrate . 
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6 . 3  A , B  

A 

B 
Fig 6 . 3  Showing sites of chol inesterase activi ty in whole mounts of 

M. expansa using the Karnovski and Roots method and 
acetyl thiocholine as substrate 

( A )  Mature segment ( x  2 6 0 )  

( B )  As for (A)  ( x  620)  • 

2 5 9  
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A 

B 

Fig 6 . 4  

(A) 

( B )  

( e )  

( D) 

( E )  

Showing choline s te rase acti vi ty in whole mounts of  T .  ovi s 
and the inhibi tory ac tion of  eserine . 
S colex ( x  6 5 )  using Karnovsky and Roots me thod . 
Ace tylthiocholine subs trate . 
Scole x ( x  100 ) usi ng Karnovsky and Roots method . 
Butyrylthiocholine substrate . 
Immature segment (x  100)  Karnovsky and Roots method . 
Ace tylthiocholine s ubs trate . 
Mature segment ( x  6 5 )  Gerebtzoff me thod . 
Butyrylthiochol ine s ubs trate . - 5  
Mature se gment ( x  100 ) incubated wi th eserine ( 10 M) . 
Karnovsky and Roots method . Butyrylthiocholine subs trate . 

2 6 0  
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6 . 5  A , B  

Fig 6 . 5  Showing cholineste rase activi ty in fre sh frozen se ctions 
o f  T. ovi s  using the Karnovsky and Roots method and 
ace tylthiocholine as substrate . 

( A )  Cut on the dorso-ve ntral plane , pe ripheral region (x 6 5 )  . 
( B )  As for ( A )  inte rsegmental region (x  6 5 )  . 
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6 . 6  A , B  

Fig 6 . 6 Showing chol i ne s te rase activi ty i n  whole mounts o f  T .  ovi s 
by Karnovsky and Roots me thod . 

(A)  Sections ( x  100 ) Acetylthiocholine substrate . 
( B )  Se ctions ( x  250)  Butyrylthiocholine substrate . 

26 3  
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F ig 6 . 7  

(A )  
( B )  
( C )  
(D )  
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Showing sites of cholinesterase activity in frozen sections 
of the scolex of T. hyda ti gena using the Gerebtzoff me thod . 
Sagital section of scolex ( x  100) . Acetylthiocholine substrate . 
As for (A)  (x  100 ) . Butyrylthioch?line substrate . 
As for ( B )  ( x  200) • 
As for ( C )  (x  620)  • 
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A 

B 

Fig 6 . 8 Showing choli nesterase activi ty i n  frozen transverse sections 
of T .  hydati gena using the Gerebtzoff me thod and acetylthio­
choline substrate . 

(A)  Gravid segment (x  6 5 )  . 
( B )  As for (A)  ( x  100) . 
( C) Mature segment , cuti cular region ( x  2 5 0 ) . 
( 0 )  As for ( C )  ( x  6 2 0 )  . 
(E)  As for ( 0 )  ( x  85 ) . 
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6 . 9  A , B , C  

A 

B c 

Fig 6 . 9  Showi ng choline s te rase activity in ne rve tissue in froze n 
transve rse se ction of mature T .  hyda ti gena . 

(A )  Longi tudi nal ne rve cord with transve rse branches ( x  2 5 0 )  . 

Ace tyl th iocholine substrate . 
( B )  Peripheral affe rent nerves from tegume ntal re ceptors 

going to longitudinal ne rve trunk (x 6 2 0 ) . 
Butyry lthiocholine substrate . 

( C )  As for ( B ) . 
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6 . 1 0 D , E 

Fig 6 . 10 

( A) 
(B )  
( C) 
( D )  
( E )  
( F )  
( G )  
( H )  

* 

D 

E 

Showing cholineste rase activi ty in  whole mounts of scoleces 
and segments of T. hyda ti gena tre ated by the Gerebtzoff me thod 
using ace tylthiocholine as substrate and inhibition by eserine , 
dichlorvos and vincofos . 
Scolex region (x  6 5 )  . 
Mature se gme nt ( x  100 )  . 
Ci rrus re gion ( x  100 )  . 
Scolex ( x  65 ) showing e ffects of eserine ( IO

-S M) . 
Cirrus region ( x  65 ) showing e ffe ct of ese rine ( IO

- SM) . 
Scolex re gion ( x  6 5 )  showing e f fect of dichlorvos ( lO

- 3M) . 
Mature segment of body region ( x  65 ) as for (F ) . 
Cirrus region , gravid segment ( x  6 5 )  showing e ffe ct of vinco fos 

( 10 - 3M) . 
Mate rial was preincubated for 1 hour with the inhibitor alone 

and for a further 16 hours with both inhibitor and substrate . 

2 7 0  
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6 . 1 1 A , B  

Fig 6 . 1 1 Showing normal ace tylcholine activity i n  a longitudinal 
section of T. hyda ti gena using the Ge rebtzoff method and 
the inhibition of the enzyme by vincofos . 

(A) Mature longitudinal frozen section ( x  65 ) . 
( B )  As for (A)  pretreated for 30 minute s with vincofos ( 10-3M) 

and incubated with acetylthiocholine for 2 hours . 

2 7 2  
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F 

Fig 6 . 1 2 Showing chol ine s te rase activity in frozen transve rse se ction s  
of  T .  hyda ti gena by the Ge rebtzof f  method using ace tylthio­
choline as substrate and the inhibi tion of enzyme activity by 
e se rine , dichlorvos and vincofos . 

( A )  Mature frozen section , cirrus region ( x  100)  2 hours incubation 
pe riod . 

(B )  Gravid frozen se ction ( x  100) . Incubation 4� hours . 
( e )  Mature frozen se ction , ci rrus re gion (x  6 5 )  3 hours incubation 

pe riod . 

E 

( D )  Gravid frozen section ( x  6 5 ) . Pre incubation 30 mi nute s wi th 
e serine ( lO

-SM) togethe r  wi th incubation wi th 4� hours with sub­
strate . 

(E )  Mature frozen section ( x  65)  . 
( la

- 3M) for 30 mi nutes prior 
subs trate . 

Pre incubation wi th dich lorvos 
to further 3 hours incubation wi th 

( F )  Gravid frozen se ction cirrus region (x 6 5 )  pre tre ate d for 30 
- 3  

minute s wi th vincofos ( 10 M) prior to further 3 hours incubation 

in the pre sence of the substrate . 
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rig 6 . 1 3 Showing cholines te rase activi ty in whole mounts of T .  hyda ti gena 
using the Gerebtzo f f  method with butyrylthiocholine as subs trate 
and the inhibitory e f fe cts of e se rine , dich1orvos and vinco fos . 

( A )  Scolex region ( x  6 5 )  . 
( B )  Ci rrus region ( x  6 5 )  . 
( C )  Cirrus re gion ( x  65 ) . I nhibitor e se rine ( IO

-S
M) . 

(D )  As for ( C ) . Inhibi tor dichlorvos ( IO
- 3

M) . 
( E )  As for ( D ) . Inhibitor vincofos ( 10

- 3M) . 
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6 . 14 A , B  

A B 

Fig 6 . 14 Showing s i te s  of cholines te rase activi ty in  frozen section of 
T .  h y da ti gena us ing the Gerebtzoff me thod wi th butyrylthio­
chol ine as substrate . 

(A )  

(B )  

(e )  

Longitudinal section of mature segment (x  65 ) . Incubation 
for 3� hours . 
Transve rse se ction of gravi d se gme nt ( x  6 5 ) . Incubation 
pe riod for 2 hours . 
Longitudinal section ( x  6 5 )  . 
for 3� hours . 

- 5  
I ncubation wi th eserine ( 10 M) 

2 7 7  

( D) 
(E )  
( F )  
( G )  

Transve rse se ction as for ( e ) . 
- 3 

Longi tudinal section ( x  65 ) . Incubated with dichlorvos ( 10 M) . 
Transve rse se ction as for ( E ) . 
Longitudinal section ( x  6 5 ) . Incubated wi th vincofos ( la - 3

M) 
and substrate for 3� hours . 

( H )  Transve rse se ction of gravid segment a s  for ( G ) . 
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the frozen sections were preincubated with inhibitors for 30 minutes 

prior to incubation together with the substrate for further 3� hours . 

The results for eserine are i llustrated in Fig 6 . 14C , D ;  Dichlorvos , 

Fig 6 . 14E , F ;  and vincofos Fig 6 . 14G ,H . It can be seen that with all 

the inhibitors there is  almos t complete inh ibition of cholineste rase 

activity as far as the transverse sections are concerned . However 

the longitudinal section still appears to have the degree of 

activity in the subtegumental region and this may represent non­

speci fic esterase activity . 

6 . 4 D I S C U S S I ON 

6 . 4 . 1  No rma l r e a c t i o n s  

Although tapeworms are generally regarded as primitive creatures , 

histochemical studies reveal a complex nervous system . 

The general layout of the nervous elements in the scoleces of 

T. taeniaeformi s , T .  ovis and T .  hyda ti gena appeared to conform the 

gene ral cyclophyllidiom pattern as described by Shield ( 1969 ) . There 

are comple x  rami fi cations of the system . Commi ssures conne ct the 

two apical ganglia and the longitudinal nerve cords . There are 

e f ferent nerves to the sucke rs , the roste l lum and the roste llar 

hooks and musole s and aHerent" lIuppHed from the t. qu�!'\ta1 .. e a_,u ••• 

proceeding to the central part of the nervous syste m .  From the 

central are a ,  longitudinal nerve trunks transverse the length of the 

strobilCl/ �. and in the body region the staining reveals re lations 

be tween the longitudinal trunks and the circular trunks which 

numbe r fifteen or more in each segment of T .  avi s . Peripheral ne rves 

supply the parenchymal organs and muscles . Afferent ne rve s arise 

from receptors in the tegument and subtegumental regions and 

trave l to the ne rvous system . Moreove r ,  there is a rich cholinest­

erase activity associated with the cirrus sac and the genital pore . 

Other sites of action include the uterine e lements , excretory ducts 

and in the case of acetylchol inesterase only the tegument . 

In view of the overall layout of the nervous system , it is appropriate 

to discuss the anatomi cal features in relation to function . It is 
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sometimes implied that the scolex (holdfast )  functions as an 

anchoring organ whereby the worm attache s itself to the intestinal 

wall with the aid of its hooks and suckers and pass ive ly drapes the 

strobila back along the intestine . Thi s  might be visualised to be the 

situation with small worms (Echinococcus) where the bulk of the body 

may not be too disproportionate in relation to the size of the scole x .  

Howeve r , i t  could h ardly b e  the situation with the large worms , 

particularly such as T .  sagina ta , which may reach 10 metres in length 

and where body wei ght is mass ively disproportionate to the s ize o f  

2 8 1  

the scolex , which in turn may only measure a few millimetres in 

diame ter . Yet it is known , that the functional inte grity of the 

scolex is of fundamental s igni ficance in maintaining the worm in si t u . 

As it would appear impossible for the scolex to anchor a passive mass 

of strobiL-d ,  in the face of peristaltic movement , it seems highly 

like ly that it acts rather as a co-ordinating centre , exerting its 

overall influence on the movement of the strobi�_a in the face of 

peristalsis . In the scolex and in the strobi t p the nervous elements 

required for re flex arcS .  are present . In vi tro as is well-known , the 

scolex will o ften maintain a searching and probing mi ssion until it 

buries itself in available inte stinal mucosa , at which time the move ­

ments will cease and the worm becomes quie scent . For this type of 

activity re flex arcs  
/ 

are obviously required . The animal must be able 

to respond to external stimuli and it would seem likely that the 

tegumental receptors function in response to touch and possibly pres sure . 

The conne ctions between receptors in the tegument of the scolex and 

the cerebral ganglia ,  are clearly de fine d , and between these structures 

and the suckers , roste llum and hooks and it is highly likely that the 

primitive search ing and burrowing re flexes and co-ordination of hooks , 

roste llum and sucker movements , which achieve implantation , is brought 

about through the agency of re flex mechanisms . As cholinesterase is 

present in the nerve elements , these structure s represent an obvious 

prime target for the influence of anthelmintic drugs , such as the 

anticholineste rases . 

In  addition to the concern of the cerebral structure s in the affairs of 

the scolex itse l f , the re are of course , abundant nerve connections 
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between the central structures and entire length of the strobila 

by virtue of the longitudinal nerve trunks . Nonethe le ss , muscular 

activi ty of individual proglottids is independent of central control 

and rhythmical movements , as evidenced by i solated segments , are quite 

independent of central connections . I t  must be emphasi sed that there is  

a rich nervous supply to the muscles and parenchyma within each segment 

as shown by the abundance of small nerves arising from the longitudinal 

and circular nerve trunks and the large numbers of circular nerves within 

each segment .  Moreover ,  as far as Moni ezia is concerned there is a 

complex nerve network . Observations on the spontaneous movements of 

i solated segments indicates the movements to be an alternation of 

longitudinal lengthening followed by transverse bunching which together 

can result in progression of the segment across a plane surface . Thi s  

activity undoubtedly results from the alte rnative functioning of the 

circular and longitudinal muscles to cause . respective ly lengthening 

and then a thickening of the proglottid . de l Castilla ( 1969 ) has given 

a dramatic description on the manne r in which Ascari s coordinates its 

movements in order to brace itself against peristalsis and so maintain 
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its pos ition in the intestine . We believe that anatomical evidence is 

avai lable to suggest that the tapeworm maintains its posi tion by presenting 

coordinated waves of contraction and relaxation , probably with the active 

participation of both circular and longitudinal muscles , in the face of 

wave s of peristals is . Moreove r ,  we suggest that the scolex acts as a 

central coordinating centre , which relays information concerning 

approaching peristaltic events . to the remaining portion of the worm , so 

that it may prepare itself to wi thstand expulsion . In addition we be lieve 

re flex activity takes place in the body region in response to pre ssure 

exerted by the inte stinal wall and we suggest that the ove rall response 

of the worm is to elongate , by constriction of circular muscle as the 
, 

perilta18i. waye pa.... ey.r a �eg!on an� .xpan� the o!�oumterenee ot 

the worm by contraction of the longitudinal muscle as the peristaltic 
waves proceed . In this manner the musculature of the worm would be 

uti lized to overcome propuls ive forces of the intestine . It i s  obvious 

that precise mus cular control would be required and we suggest that this 

is achieved through the integrated coordination of movement brought 
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about by the agency of abundant receptors , and the complex highly 

ramified nature of the nervous system . 

The high degree of cholineste rase activity association with the cirrus , 

undoubtedly re flects the precise corpulatory function of that organ 

which is obviously re flex in character and almost certainly independent 

of central control . 

The role of cholinesterase in the excretory duct and uterine e lements 

is not known and it may possibly be related to muscular activity in those 

two organs . The presence of acetylcholinesterase in the tegument appears 

to be fairly well established although the enzyme does not appear to be 

present in all species of worm , nor is it necessari ly demonstrated in 

all occasions when the worm is stained . I t  has also been suggested that 

the role of an enzyme in this position , may be related to permeability 

control . But experiments , especially those using anticholinesterases to 

inhibi t the enzyme , have been unable to confirm this observation . In 

the present study, ( Chapter 5) anticholinesterases did not influence 

glucose uptake . 

Photographs at higher magnifi cation , have demonstrated the presence of 

ganglion-like ce lls in the s trobil��a ,  possibly receptors resembling 

stretch receptors of high animals . The presence of these structures 

support the overall picture of a complicated nervous system capable of 

much precise re flex activity . 

From what has been said , it is  obvious that the ne rvous system is of 

paramount signi ficance to the we ll-being of the parasitic helminth and 

that the neural structures represent a prime target for drugs which 

may bring about disruption of movement and the consequent dis lodgement 

of the worm. 

6 . 4 . 2  Re s p o n s e  t o  i n h i b i t o r s  

Experiments with inhibitors have demonstrated that eserine is  a powerful 

inhibitor of both acetylcholinesterase and butyrylcholinesterase . 
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Inhibition occurs in both scolex region and in the strobila and 

cholinesterase activity in all organs and structures appears to be 

affected . The two organophosphorus compounds are much less powerful 

inhibitors giving a s imilar degree of inhibition at concentrations 

about a hundred times higher than that of eserine . The inhibitors are 

obvious ly more active for frozen sections rather than on whole mounts . 

This may be a re flection of the inability of the drugs to penetrate 

the tegument and other structures .  
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G E N E RAL D I S C U S S I O N 

1he findings of the pre sent studies have been discussed in some detai l 

at the end of each chapte r ,  and it i s  now necessary only to make some 

general comments . 

A cons iderable volume o f  evidence ( reviewed in Chapter 2)  exists to 

sugge st that almost all the modern anthelmintics ( and many of the older 

drugs ) ac t by interfer ing with motor activi ty of helminth parasites . 

Th is may be achieved through the drugs ' ac tion either to blockade or 

hype ractivate cholinergic receptor sites of the nicotinic type or by 

di sruption o f  energy metabo lism . 

In essence it may be concluded the present work supports the contention 

that the normal turnover of ace tylcholine is essential to helminth 

survival and that inhibi tion of the proce ss is an important part of 

anthelminti c action . This conc lus ion ari ses from the observations that : 

( a )  The histochemical studies o f  chol inesterase ( Chapter 6 )  reveal 

the presence of a well deve loped nervous system particularly we ll 

sui ted to maintain the helminth in si tu by means of re flex arcs . 

Antichol ine sterases would inhibit this enzyme and dis rupt ne rvous 

function . 

(b ) High leve ls of cholinesterase were found chemically in many worms 

especially Echinococcus scoleces and brood capsules but also in 

other tapeworms notably , T .  avi s .  Leve ls in nematodes were 

cons iderably lower 

( c )  Ce ntri fugal fractionation studies confirmed that the cholinesterase 

was distributed in several particulate as well as soluble forms 

which were simi lar in their response to Tri ton X- IOO and 

chol inesterase inhibitors . 

( d )  A conventional anticholinesterase (eserine ) and the anthe lmintics 

teste d ,  inhibited these cholinesterases in both chemical as says 

and histochemical studies .  

(e ) The pharmacodynamic studies in the dog and sheep indicate that 

me thyridine , diethylcarbamazine , pyrante l ,  morantel , te tramisole 

and levamisole all possess nicotine -like properties and that the 

e ffects of these drugs in the sheep was to depre s s  rather than 

stimulate respiration . This overall possess ion of nicotine-l ike 

properties has not been reported previously but it supports well 
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the findings tha t the drugs act as ganglion stimulants ( levamisole 

and pyran te l )  and neuromuscular blocking agents (methyridine ) and 

points to the importance of chol inergic mechanisms in he lminth 

neuromuscular activi ty . The work of Coles ( 1974 ) showing cross 

reactions between various drugs suggests a common receptor s i te . 

wi th re spec t to disruption of energy metabolism ,  the present work 

i s  restricted to glucose uptake . I t  appears that in both Ascari s  

and tapeworms the glucose uptake mechanism are fairly conventional , 

in that they are sodium-dependant and inhibi ted by phlori zin , 

iodoace tate and dini trophenol .  However ,  there appears to be one 

important distinction in that nematode glucose transport is readily 

inhibi ted by low concen trations of local anaesthe tics . In respect to 

the benzimidazoles the function to inhibi t glucose uptake appears to 

reside in the carbamate moiety . In turn the carbamate structure is 

often associated with cholinergic and anticholinesterase activities 

(neostigmine and the carbamate insecticide s ) . I t  might be postulated 

that acetyl::holinesterase is functionally associated with glucose 

uptake although the present work with organophosphates indicates that 

this is not the case , at least with regard to tapeworms . 

The development of new anthelmintics i s  progres sing rapidly , and it 

appears that there are good opportunities for chemical manipulation 

to incorporate multiple functions in the drug molecule and so enable 

it to affect more than one biological mechanism . Another approach may 

be to use mixtures or combinations of anthelmintics , each o f  which is 

aimed at a separate target system in the helminth . 
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