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GLUCOSE METABOLISM IN S. MANSONI TUFKCTIOI* 

A B S T R A C T

There have been con flictin g  re p o rts  on the e f f e c t  o f S. mansoni 

in fection  on mammalian h ost glucose metabolism. Some workers have 

reported  an e leva tion  o f h ost serum glucose concentration , while 

o th ers  have rep orted  normal fa stin g  serum glucose concentra tion  and 

oth ers  have found a lower than normal serum glucose concentration  in 

S. mansoni in fection .

The presen t study was conducted to  estab lish  the following:

(a) The e f f e c t  o f  S. mansoni in fection  in mice on serum glucose 

concentration .

(b) The e f f e c t  o f  the in fection  on the production  and action  o f

insulin.

(c) The ba sis  o f  such an e f f e c t  in terms o f  the a c t iv it ie s  o f

enzymes responsib le fo r  g lu cose metabolism and the end 

products o f  g ly co lysis .

Mice in fected  with S. mansoni showed a s ta t is t ic a l ly  sign ificant 

higher mean serum glucose concentration  as compared to  normal co n tro ls  

(8.24 mmol/L and 6.31 mmol/L in in fected  and con tro l mice resp ectiv e ly ). 

S. mansoni in fection , th ere fo re , appears to  cause a mild hyperglycaemia 

in mice.

To in vestiga te  whether the observed mild hyperglycaemia was due

to  pancreatic malfunction, serum pancreatic lipase concentration  was

determined. No sign ificant d ifferen ce  was found in serum pancreatic

lipase concentra tion  in in fected  and con tro l mice. This showed that%

there was no g ross  pancreatic malfunction, which could have led to  the
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mild hyperglycaemia observed. There was a s ign ifican tly  greater  change 

in serum glu cose  concentration  following an exogenous dose o f  insulin 

in in fected  mice as compared to  normal con tro l animals. From th ese  

re su lts , it  was suggested  that there may be se cre tio n  o f  b io log ica lly  

inactive insulin in S. mansoni in fected  mice such that the insulin 

sen sitive  t is s u e s  synthesize more insulin re ce p to rs . This may lead to  

the observed  g rea ter  response to  a dose o f  exogenous insulin, and may 

have con tributed  to  the mild hyperglycaemia found in S. mansoni in fection  

in mice. Serum zinc concentration  and the s p e c ific  a c t iv it ie s  o f the zinc 

metalloenzymes; hepatic alcohol dehydrogenase and red blood ce ll 

ca ta la se  were determine to  t e s t  i f  there  was zinc deficiency in S. 

mansoni in fection , leading to  poor storag e  o f  pro-insu lin  in th is 

in fection . There was no sign ificant change in serum zinc concentration  

or the a c t iv it ie s  o f  hepatic alcohol dehydrogenase and red blood ce ll 

ca ta la se  in in fected  and con tro l mice. This suggested  that zinc 

deficiency  leading to  poor storage o f  p ro-in su lin  did not contribute to  

the mild hyperglycaem ia observed in th is in fection . The serum 

concentration  o f  chromium, which is  a con stitu en t o f  the “g lu cose 

to leran ce  fa c to r "  was compared in in fected  and co n tro l mice. No 

sign ificant change was observed in serum chromium concentration  due to  

S. mansoni in fection . This suggested that the "glucose to lera jice  fa c to r "  

which enhances insulin action  in v itro  is  not impaired due to  chromium 

deficiency  in S. mansoni in fection . In order to  investigate  a

possib le  cause o f  the observed mild hyperglycaemia, the sp e c ific  

a c t iv it ie s  o f  hexokinase, phosphofructokinase, pyruvate kinase,

pyruvate dehydrogenase, a lpha-ketoglu tarate  dehydrogenase and%
succinate dehydrogenase, which are all key enzymes in g lucose
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metabolism, were determined in the brain, heart, liver , lungs, spleen, 

kidneys, t e s t is  and skeleta l muscle o f  in fected  and con tro l mice. The 

sp e c ific  a c t iv it ie s  o f  pyruvate kinase and hexokinase were found to  be 

sign ificantly  e levated  in liv er  o f  in fected  mice. This was considered to  

be due to  the presence o f  the worms and and th eir  eggs, since the adult 

worms are known to  p o sse ss  a high a c t iv ity  o f  the key regulatory  

enzymes o f  the g ly co ly tic  pathway. The a c t iv ity  o f  phosphofructokinase 

was not s ign ificantly  a ffe c te d  by the in fection  in the liv e r , suggesting 

a depression  o f  the h ost a c t iv ity  o f  th is  enzyme in the  liver, as the 

adult worms are known to  p o s s e s s  a high activ ity  o f  

phosphofructokinase. These r e su lts  suggested  that g ly co ly s is  may be 

impaired in the liver  o f  S. mansoni in fe cted  mice. The sp e c ific  a c t iv ity  

o f  hexokinase was also sign ifican tly  e leva ted  in the h e a rt  of in fected  

mice, but th is was not a ssoc ia ted  with any sign ificant changes in other 

key g ly co ly tic  enzymes in th is  organ. The sp e c ific  a c t iv it ie s  o f  the 

Kreb's cycle  enzymes; pyruvate dehydrogenase, a lpha-ketoglu tarate 

dehydrogenase and succinate dehydrogenase were not sign ificantly 

a ffe c te d  by S. mansoni in fection  in any o f  the organs studied, showing 

that S. mansoni in fection  does not a f fe c t  these Kreb's cy c le  enzymes.

The serum concentrations o f  pyruvate and la cta te  and the sp e c ific  

a c t iv ity  o f  la cta te  dehydrogenase in variou s t is su e s  was determined to  

estab lish  whether the observed mild hyperglycaemia was due to parasite  

induced anaerobic resp ira tion  in h ost  t is s u e s . Serum concentrations 

o f  la cta te  and pyruvate were not s ign ifican tly  a f fe c te d  by S. mansoni 

in fection , and la cta te  dehydrogenase a c t iv ity  was reduced in lungs o f 

in fected  mice, but remained unaltered  in oth er t is su e s . It was concluded 

that the observed  hyperglycaemia was not due to  p a ra site  induced
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Further work was ca rried  out to  in vestigate  whether the 

observed  hyperglycaemia in S.mansoni in fection  in mice was due to  

in creased  synthesis o f  g lucose from non-carbohydrate so u rce s . This 

was assesed  by dertemining the sp e c ific  a ct iv ity  o f  pyru vate  

carboxylase in in fected  and co n tro l mice. The re su lts  sliowed a 

s ign ifican tly  increased pyruvate carboxylase a c t iv ity  in l iv e r  o f  

in fected  mice. This increase in pyruvate carboxylase a c t iv it  y in the 

liv e r  o f  in fected  mice was considered  to  be due to  h ost enzyme a c t iv ity  

since the adult p a ra sites  are known to  have lower pyruvate carboxy lase  

a c t iv ity  than mammalian liver. These re su lts  su ggested  that 

gluconeogenesis may be enhanced in liv e r  o f  S. mansoni in fe c te d  mice. 

However, the a c t iv ity  o f  phosphoenolpyruvate carboxykinase, the key 

regu la tory  enzyme o f  gluconeogenesis, was not studied.

In conclusion, the observed  mild hyperglycaemia in this stu dy  may 

be due to  depressed g ly co ly tic  flux, production  o f  b io log ica lly  in a ctiv e  

insulin and probably increased gluconeogenesis.
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C H A P T E R  1

INTRODUCTION AND REVIEW OF LITERATURE

ULO.

Schistosom iasis is  a p a ra sitic  in fection  caused by 

trem atode worms o f  the genus schistosom a. There are severa l 

sp ecies  o f  the genus schistosom a  which in fe ct  man. The most 

important are; S. mansoni, S. haematobium, S. japonicum  and S. 

intercalatum  (Jordan and Webbe, 1992). Other schistosom a sp ecies  

which a lso  in fe c t  man are S. m atheei, S. mekongi and S. bovis.

S. mansoni and S. haematobium are  found mainly in the African 

continent and the d isea ses  due to  these two are sometimes 

r e ffe r e d  to  as A frican sch istosom iasis. S. japonicum  is  found 

mainly in the Asian continent (Jordan and Webbe, 1982).

S. mansoni and S. japonicum  live in m esenteric veins, whereas 

S. heamatobium and S. intercalatum  live in veins o f  the urinary 

bladder.

Schistosom es, like oth er trem atode worms, have a complex

life  cy cle  and develop by a su ccess ion  o f s ta g es , (Fig 1.), which%
involve a lternating p a ra s itic  and fr e e  living forms.

1.2.0 . LIFE CYCLE QF S. MANSONI



ADULT WORMS (1cm long)
Live in mesenteric veins and produce 
300 eggs per day.Some of these embolise 
in liver and cause fibro-obstructlve 
granulomatous lesions.
Others (rv 50%) exit body by faeces.

SCHISTOSOMULA 
Migrate via lymphatics and  
blood vessels through heart and  
lungs to nepotic portal system.

EGG (140 x 60 Mm) 
Hatches in w a le * to 
kberote nmraadium larva.

, # v

CERCARIAE (350 urn long) 
Penetrate human skin ond 
transform into schistosomata.

MIRACIDIUM  
Penetrates suit o d e  snai 
and proliferates asexually 
to form cercona larvoe.

Figure 1. L ife cycle of schistosomes and migration in the host
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In the mammalian h ost, the adult worms produce a large 

number o f  eggs. A single female S. mansoni produces 100-300 eggs 

per day (WHO, 1985) These eggs are passed out in th e  fa eces  or 

become trapped in the h ost 's  t is su e s . The eggs whieh are passed 

out through human fea ces  may hatch in fresh  w ater to re lea se  

fre e  swimming forms; the miracidia which invade aquatic snails o f 

the genus Biomphalaria (Jordan and Webbe, 1982).

In the snail, miracidia transform  into sp o ro cy sts  which 

undergo asexual m ultiplication, and are re leased  as cercariae  

into the w ater in large numbers. This stage in fe c ts  nnan a fte r  skin 

penetration . It rapidly transform s to  a schistosoirmlum, which 

migrates via lymphatics and blood v e s s e ls  through ithe heart and 

lungs to  the hepatic p orta l system. The rou te  o f  migration o f  S. 

mansoni schistosom ula from the lungs to  liver* is en tire ly  

in travascu larw ith  probably severa lp assages  roundTthepulmonary 

and system ic c ircu la tion s, b e fore  chance entry in to  a r te r ie s  

leading to  the hepatic porta l system  (Miller and \Wilson, 1980). 

Maturation to  adulthood and mating take place in the liver, and the 

mated S. mansoni pairs remain in the liver  o r  migrate to  the 

m essenteric veins. The mature worms remain p a ired  at a ll times 

throughout th e ir  li fe , except during ov ip osition  when the female 

detaches i t s e l f  from the gynaecophoric canal o f  the male and 

migrates into the small blood v e sse ls  where she d ep osits  eggs, 

one at a time.

The eggs reta in  their  p osition  a fte r  the body o f  the parent 

worm has been withdrawn. The embryo, p ro tected  by *che egg shell,
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develops into a c ilia te d  organism within six days and begins to  

se cre te  p ro te o ly t ic  enzymes which are re lea sed  through 

u ltram icroscopic pores in the egg shell. The p ro te o ly t ic  enzymes 

d igest the surrounding h ost t is su e s , and enable the egg to  pass 

out o f  the venules, and into the in testin es . S. mansoni eggs are 

characterized  by a la te ra l spine and escape with fa e ce s  (Cowper, 

1971).

Although adult sch istosom e worms may live f o r  30 years  or 

more, the average li fe  span is  estim ated to  be about fiv e  years  

(Baron, 1939; Fairley, 1931; Harris e t  aly 1984; Market e t al 1978).

L3.0. GEOGRAPHICAL DISTRIBUTION OF SCHISTOSOMIASIS

An estim ated 200 million people in 76 cou n tries  have 

sch istosom iasis in c lo se  a ssoc ia tion  with w ater re sou rces  

development, and the periurban areas o f  A frica  (World Health 

S ta tis t ics  Annual, 1991). The geographical d istribu tion  o f  the 

p arasites  is  dependent on the d istribu tion  o f  the snail, which is 

the interm ediate h ost (Kinoti, 1971a,b). In areas where both Bulinus 

and Biomphalaria sp ecies  o f  the snails c o -e x is t ,  also both  S. 

haematobium and S. mansoni in fection s occur. Table 1. shows the 

geographical d istribu tion  o f  sch istosom iasis by sp ecies .

S. mansoni is  endemic in most African cou n tr ies , parts  o f  

Arabia, in Northern and Eastern parts o f  South America and in 

some Carribean Islands (WHO, 1985).

S. japonicum  occu rs in the Phillipines, Japan, China and some 

parts o f  Thailand and Indonesia (WHO, 1985).



'able 1 Geographical d is trib u tio n  of schistosomiasis by species, by 
JHO region. ■ _____

Country or area S- mansonl S. haematobium S. Intercalatum

African Region
Algeria +
Angola + +
Benin +
Botswana + +
Burkina Faso + +
Burundi +
Cameroon + + +
Central African Republic ♦ + +
Chad + + +
Congo + + ♦
Ethiopia +
Gabon + + +
Gambia + +
Ghana + +
Guinea-Bissau + +
Guinea + +
Ivory Coast + +
Kenya + +
Liberia + +
Madagascar + +
Malawi + +
Mall + +
Mauritania +
Mauritius +
Mozambique + +
Namibia + +
Niger + +
Nigeria + +
Rwanda +
Sao Tome and Principe +
Senegal + +
Sierra Leone + +
South Africa + +
Swaziland +
Togo + +
Uganda + +
United Republic of Tanzania + +
Zaire + + +
Zambia ♦ +
Zimbabwe + +

Region of the Americas
Antigua +
Brazil
Dominican Republic +
Guadeloupe +
Martinique +
Montserrat +
Puerto Rico +
Saint Lucia +
Suriname +
Venezuela

Eastern Mediterranean Region
Democratic Yemen + +
Egypt + +
Iran, Islamic Republic of +•
Iraq
Lebanon V

+
Libyan Arab Jamahiriya + +
Oman
Saudi Arabia +
Somalia +
Sudan +
Syrian Arab Republic +
Tunisia +
Yemen + ♦

European Region
Morocco +
Turkey +

South-East Asia Region 
Indonesia 
Thailand 
India

S. Japonlcum
++

C-S. haematobium?)

Western Pacific Region 
China
Democratic Kampuchea 
Lao People's Democratic 

Republic 
Japan 
Malaysia 
Philippines

S. Japonlcum 
+

(S. makongl)

(S. makongl) 
++
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S. intercalation  occu rs in the fo r e s t  areas o f West and 

Central A frica  and the Islands o f  Sao Tome (WHO, 1990).

In Kenya S. haematobium is found in the c o a s ta l d is tr ic ts  o f  

K ilifi, Kwale and the lower reaches o f  River Tana in Taveta. It is  

a lso  found in Machakos and Kitui d is tr ic t . There are a lso  

s ca tte re d  fo c i  in Murang'a, Kiambu and Western Kenya. S. mansoni 

is  mainly found in Machakos and Kitui d is t r ic ts .  It is  a lso  found 

in Murang'a, Kiambu, Kirinyaga and along the shores o f  lake 

V ictoria  (Highton, 1974).

1.4.0 SCHISTOSOME METABOLISM

The study o f  metabolic pathways in the worms is  essential 

in the understanding o f  the pathophysiology o f  the infection. It 

may lead to  the application o f  more e f fe c t iv e  chem otherapeutic 

agents a fte r  targeting o f  novel pathways by nov^el drugs. Control 

measures so fa r  have aimed at erad ica tion  o f  th*e snail vector by 

m olluscides or manipulation o f  th e irw ater  environm ent, treatment 

o f  ca se s , and health education (WHO, 1985).. These control 

measures have so fa r  not been very  e ffectives- Hence further 

studies in schistosom e metabolism may be ueaeful in teraB o f  

providing a rationale fo r  design o f  e f f e c t iv e  aruga fo r  

chemotherapy or prophylaxis.

1-4JL SHCISTOSOME CARBOHYDRATE METABOL ISM

Schistosom es have a high ra te  o f  anabolisixn, with the fsnale 

converting the equivalent o f  nearly it s  own btady dry w -t to
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eggs each day (Becker, 1977). Adult paired worms are estimated to  

u tilize  g lucose at the rate  o f  20% o f their dry weight/hour (Musa 

e t  al, 1969).

The g lucose required fo r  energy production  is taken up 

primarily through the tegument (Rogers and Bueding, 1975) by both 

Na+-dependent mediated tran sp ort (Is s e ro ff  e t  al, 1972; Podesta 

and Dean 1982a,b),and d iffu sion  (Uglem and Read,1975). Insulin has 

no e f f e c t  on the uptake o f  g lucose into the worms in v itro  

(Clements and Bosch, 1989; T ielens e t  al, 1989b).

Schistosom es were in itia lly  considered to  be homolactic 

ferm enters (Bueding, 1950), however, there is  now evidence that 

they are capable o f  aerobic metabolism. F oster  e t  al (1989) and 

Tielens e t  al (1989a) have dem onstrated the libera tion  o f labelled 

CO2 following culturing o f  adult worms in a medium containing 

labelled glucose (14C -  g lucose), suggesting oxidation o f  e ither 

pyruvate or Kreb's cycle  interm ediates. Smith and Brown (1977) 

dem onstrated the a c t iv it ie s  o f  the tr ica rb ox y lic  acid cycle  

enzymes; c it ra te  synthase, IsojDitrate dehydrogenase, malate 

dehydrogenase and succinate dehydrogenase in S. mansoni and S. 

Japonicum adult worms. The sp e c ific  a c t iv it ie s  o f  these enzymes 

ranged between 6-30% o f the a c t iv it ie s  o f  the same enzymes in 

cerca r ia e , suggesting that anaerobic g ly co ly s is  is  the main 

source o f  energy in adult sch istosom es. There are no rep orts  on 

the a c t iv it ie s  o f  the r e s t  o f  the Kreb's cy cle  enzymes.

In general, the schistosom e enzymes involved in glucose%
metabolism do not d iffe r  from the h ost enzymes. Pyruvate kinase
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o f S. mansoni not only has a m olecular weight sim ilar to that o f  

rabbit muscle (270,000 da lton s)bu t a lso  resem bles it  in response 

to  purine and pyrimidine m ucleotide diphosphates (ADP, dADP, UDP, 

CDP) and divalent cation s Mg-*"*", Co^^CBrazier and J a ffe r ,

1973). Malate dehydrogenase a lso  has a m olecular weight similar 

to  the mammalian enzyme (Bout e t  a l, 1978). T ielens e t a l, (1991) 

dem onstrated the presence o f  a ll fou r  gluconeogenic enzymes; 

(G lu c o s e  -  6 - P h o s p h a t a s e , F r u c t o s e - 1 ,  6 - b i p h o s p h a t a s e , 

phosphoenol-pyruvate carboxykinase and pyruvate carboxylase) 

in adult S. mansoni. However they were unable t o  demonstrate 

actual gluconeogenesis using 14C labelled su b stra tes  ([14C]- 

NaHC03, D -(l-14C ]-g lucose and D-[U-14C ]-g lucose). They 

dem onstrated su b stra te  cycling between fru ctose -6 -p h osp h a te  

and fru ctose -1 ,6 -b ip h osp h ate .

Female adult worms u tilize  more g lucose than males, (Conf ord 

and Oldendorf, 1979), but iso la te d  females have a lower uptake 

than males. This and the large amounts o f  glycogen found in single 

fem ales, compared to  females paired with males, may be explained 

by the tra n s fe r  o f  glucose from the male to  the female worms 

(Conford and Hout, 1981). C ercariae are known to  r e ly  on glycogen 

re se rv e s , about half o f  which are s to re d  in the t a i l  (Lawson and 

Wilson, 1980). The ta il u ses re la t iv e ly  more oxygen than the r e s t  

o f  the body (Lawson and Wilson, 1980). Loss o f  the t a i l  appears to  

cause the switch from aerobic metabolism to  production  o f  mainly 

la c t ic  acid in the schistosomulum (Von Kruger e t  al> 1978; Van- 

Oordt e t  al, 1989). The mechanism o f the change from aerob ic
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metabolism in the cerca r ia e  to  anaerobic metabolism in the 

schistosomulum has not y e t  been established.

1.4.3. SCHISTOSOME LIEIH METABOLISM

Phospholipids o f  adult S. mansoni worms are mainly 

glycerophospholipids (phosphatidylserine, phosphatidylinositol, 

phosphatidyl choline, phosphatidylethanolamine and cardiolipin), 

and s te r o ls  (ch o lestero l) (Smith e t  al, 1970; Fried e t  a l 1980; Meyer 

e t  al, 1970; Furlong and Caulifield, 1988). Both the

tr ia cy lg ly ce ro ls  and phospholipids contain fa t ty  acids with chain 

length o f  12 to  24 carbons, (Smith e t  al, 1969). These lipids are 

absorbed from the mammalian h ost by the worms. The complex ones 

(tr ia cy lg ly ce ro ls , phospholipids andCardiolipins)beinghydrolyzed 

to  fr e e  fa t ty  acids, mixed a cy lg lycero ls  and g ly ce ro l p r ior  to  

in corporation  (Smith e t  al 1969).

1.4.4. SCHISTOSOME AMINO ACID METABOLISM AND PROTEIN

SYNT^KSIS v

In v itro , fr e e  amino acids en ter through th e  tegument by 

both d iffu sion  and mediated tran sp ort. Five tra n sp ort system s 

are probably involved (Chappell, 1974; Asch and Read, 1975a, b; 

I s s e r o f f  e t  al, 1976).

Glycine uptake and incorporation  has been studied in a

complex medium and resem bles that in mammalian c e l ls  (Walker and

Chappel, 1982). Alanine, arginine, aspartate , glutamate, leucine,*
methionine, phenylalanine and valine are taken up by sch istosom es
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via  mediated ca rr ie r  system s (I s s e ro ff  e t  a lf 1976). Proline 

en ters  the schistosom e by d iffu sion  (Asch and Head, 1975a).

In general sch istosom es depend on preform ed amino acids 

from the host. Only 7 out o f  the 16 amino acids, alajnine, arginine, 

proline, glutamate, a sp arta te , glycine and serine which have been 

in vestiga ted  are converted  to  other amino acids and are 

in corporated  into protein , and only two o f  th ese ; glutamate and 

arginine appear to  be o f  much importance (Chappel and Walker, 

1982). Carbon dioxide is re leased  from fou r o f  th e se  amino acids 

(arginine, alanine, asp arta te  and glutamate (Bruce et a l, 1972), 

suggesting they are degraded by the worms a fte r  transamination 

v ia  the Kreb's cycle .

S. mansoni and S. japonicum  have sex , strain, and 

developmental stage sp e c ific  proteins. In the Japanese, Phillipine 

and Formosan stra ins o f  S. japonicumy the number of proteins 

presen t in the females are d iffe re n t from those in  males. In the 

Japanese and Phillipine stra in s, some proteins a re  only present 

in males while o th ers are only in fem ales. With males extracts , 29, 

28 and 29 d istin ct bands were reso lved  fo r  th e  Japanese, 

Phillipine and Formosan stra in s resp ectiv e ly . Female e x tra cts  

gave 31, 26 and 25 d istin ct  bands fo r  Japanese, Phillipine and 

Formosan stra ins re sp e ctiv e ly  (Ruff e t  al> 1973).

In S. mansoni a prote in  o f  molecular weight 160,000 daltons 

is  present only in cerca r ia e , o th ers with m olecular weights 

58,000, 23,000 and 11,000 daltons are present on ly  in the adult 

worms, while one with a molecular weight o f 29,000 daltons is  found
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only in fem ales (Ruppel and Cioli, 1977).

Protein  syn th esis  by S. mansoni has been in vestiga ted  in 

in fected  snails. Three days prior  to  emergence, cerca r ia e  

a ctive ly  synthesize actin  and m yosin-like m olecules, which are 

con tra ctile  prote in s  and may be u sefu l fo r  the locom otion o f  the 

cercr ia e . Four hours b e fo re  emergence, polypeptides are 

synthesized, some o f  which might be enzymes used  in the escape 

from the snail (Atkinson and Atkinson, 1981). Six hours a fte r  skin 

penetration  by the ce rca r ia e , schistosom ula prote in  synthesis 

in creases (Nagai e t  ai, 1977).

1 .5 .0 . PATHOLOGY OF S. MANSONI INFECTION 

1-5-1. PATHOPHYSIOLOGY.

The eggs which are reta ined  in the l iv e r  cause an 

immunological response leading to  granuloma development around 

them (Warren and Dewitt, 1958; DeWitt and Warren, 1959; Warren, 

1966). Gradual arrangement o f  granulomas into strands 

surrounding the p orta l branches, follow ed  by the addition o f  more 

granuloma at the periphery leads to  the redu ction  o f  porta l 

canals or at times c losu re . This leads to  an increase in porta l 

blood flow in the liver , causing congestive  enlargement o f  the 

spleen. Reduced and/or blocked flow from the p o r ta l vein into the 

liv er  is overcome by the opening o f  veins from the venous plexus 

around the stomach, spleen liv er  and the se ro sa l su rface  o f  the 

oesophagus. These jo in  the system ic circu lation , e ith er via the 

in fer ior  vena cava or  the pulmonary veins. S. mansoni in fection ,



th ere fore , r e su lts  in the development o f  hepatomegally, 

spleenomegally, and oesophageal va rices  due to  p orta l-v en ou s  

congestion  (Warren and DeWitt, 1958; DeWitt and Warren, 1959; 

Warren, 1966).

J
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L5.2.

L5.2JL

BIOCHEMICAL PATHOLOGY

EFFECTS OF S. MAN SON I INFECTION ON HOST PROTEIN.

S. Mansoni in fection  has been shown to  be a ssoc ia ted  with 

increased to ta l serum protein . This has been e le ctrop h ore tica lly  

shown to  be due to  increased proportion  in b e ta  and gamma 

globulins, and decreased  serum albumin, resu lting in an in crease 

in the to ta l serum prote ins (DeWitt and Warren, 1957; Bruce e t  al 

1963; Evans and Stirew alt, 1957; Ramirez e t  al, 1961; Sadum and 

Walton, 1958; Warren e t a l , 1965). Serum globulins a re  synthesized 

in the lym phoreticular system  and their in crease  may be in 

response to  the in fection , whereas serum albumin is  synthesized 

in the liver, an organ whose function  is  compromised in S. mansoni 

in fection .

Serum am inotransferases, alkaline phosphatase and la cta te

dehyrogenase are increased in serum o f patients and experimental

animals in fected  with S. mansoni. This r e f le c ts  liv e r  ce ll damage

due to  this in fection  (Awadallah e t  al, 1975; Shakir et al, 1964;

Khattab e t  al, 1970a,b,c; Higazi e t  al, 1960; Garson and Williams,

1957; Ghanem e t  al, 1967). Serum pseudocholinesterase and%
ch olin esterase  are decreased  in S. mansoni in fe cted  animals and
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people (Awadallah e t  al, 1975; Shakir e t  a l, 1964; Khattab e t  al, 

1967; Ghanem e t  al 1970a,b; Abdel-Rahim e t  al 1990).

In pa tien ts  with schistosom al hepatic f ib ro s is , serum 

albumin is  decreased , albumin synthesis is  increased, although 

albumin catabolism  is normal. From th is and the d ecrease  in serum 

ch olin esterase  and pseudocholinesterase, it  has been proposed 

that an increase in plasma volume may occur- during this 

infection(El-Saadan e t  al, 1968; Fayez e t  al, 19900- Indeed El- 

Saadan e t  al, (1968), demonstrated increased  plasma volume in S. 

mansoni in fected  patients by in jecting in traven ou sly  R adio-active 

labelled human serum albumin (RIHSA), and calcu lating plasma volume 

from the rad ioactive  counts in the plasma from subsequent blood 

samples. The increase in to ta l serum prote in s may be the reason 

fo r  the in crease in to ta l plasma volume due t o  the osmotic 

pressure exerted  by the extra  proteins. There are no reports on 

the osm olality o f  plasma in S. mansoni in fection .

Dunn e t  al (1979), demonstrated increased  le v e ls  o f  plasma 

proline in S. mansoni in fection . Accumulation o f  ornithine or 

proline may be caused by decreased a c t iv ity  o f  some of the urea 

cycle  enzymes. Tanabe e t  al (1989) showed that the  to ta l and 

sp ecific  a c t iv it ie s  o f  carbam oyltransferase were significantly 

decreased in liv e rs  o f  S. mansoni in fected  mice. Arginase was not 

a ffe c te d  by in fection . The increased proline le v e ls  were used in 

the synthesis o f  collagen (Dunn e t  al, 1979). Collagen and collagen 

synthesis are increased in S. mansoni in fe c te d  people and 

experimental animals (Dunn e t  al, 1977; Dunn e t  al, 1979; Takahashi
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e t  a ly 1980). Collagen is the main con stitu en t o f 

granulom ata/fibrotic liver t issu e . The in creased  proline is 

synthesized from arginine but not glutamate (Dunn e t  al, 1978).

A ltera tion s in serum leve ls  o f  amino acids in S. mansoni 

in fection  could be due to  increased lev e ls  o f  serum ammonia. 

DeWitt and Warren (1959) dem onstrated a six fo ld  increase in 

ammonia lev e ls  in mice in fected  with S. mansoni. Other workers 

have a lso  dem onstrated an increase in serum ammonia and 

decreased  to leran ce  to  ora l ammonia sa lts  (Daugherty e t  al> 1954; 

Warren and Reboneas, 1964; Senft, 1967).

Ammonia could increase in plasma due to  p o r ta l bypass o f  the 

liver  parenchyma through porta l system ic c o l la te r a l  circu lation  

or due to  in creased  metabolism o f  amino acids by sch istosom es or 

th eir  eggs within the host (Tao and Haug, 1965; S en ft, 1966; 1963; 

Stjerholm and Warren 1974). Warren e t  a l, (1965), showed extensive 

porta l system ic co lla te ra l circu la tion  accompanied by only minimal 

liver  parenchyma damage in S. mansoni in fected  patien ts. This 

resu lted  from deposition  o f  S. mangoni eggs  in the p orta l areas o f 

the liver , leading to  extensive granuloma developm ent which led to  

intrahepatic blockage o f  blood flow and the development o f  porta l 

hypertension. This could a lso  be a ttribu ted  to  decreased  flux o f 

the urea cy cle  enzymes (Tanabe e t  a lt 1989).

High blood  ammonia stim ulates se cre t io n  o f  glucagon from 

the a lp h a -ce lls  o f  the pancreas which prom otes gbuconeogenesis

from amino acids, especia lly  in the kidneys and hence in creases*
the production  o f  ammonia. Thus high blood ammonia levels  tend to



be s e lf  propagating (James e t  a l, 1979). The in creased  synthesis 

o f  glucose stim ulates the se cre tio n  o f  insulin from the b e ta -c e l ls  

o f  the pancreas, at a time when the liv er 's  ca p a city  to  c lea r  the 

hormone from the c ircu la tion  is  impaired, so that there is  some 

degree o f  hyper-insulinaem ia (Ghanem e t  al, 1973). Increased 

insulin se cre t io n  in creases the uptake and hence the  catabolism  

o f  the branched chain amino acids (leucine, iso leu cin e , valine) by 

the muscles. This increased catabolism  o f  branched chain amino 

acids will increase fu rth er the burden o f  ammonia to  be 

metabolized (James e t  al, 1979).

J
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1.5.2.2 EFFECTS OF S. MANSONI INFECTION ON HOST LIPID

METABOLISM

Serum ch o le s te ro l is s ign ificantly  d ecreased  in S. mansoni 

in fection , tog eth er  with both high and low den sity  lipoproteins 

(El-Kharbotyly e t  al, 1965). They explained th ese  resu lts  as 

re fle c tin g  the liv e r 's  impaired ab ility  to  ca ta b o lize  oestrogen s 

in the c ircu lation . High plasma oestrogen  le v e ls  have been 

a ssoc ia ted  with low plasma ch o le s te ro l (Cantarow and Trumper, 

1962).

The lev e ls  o f  to ta l, fre e  and e s te r if ie d  ch o le s te ro l and the

d iffe re n t  ch o le s te ro l e s te r  c la s s e s  in the liv er  and plasma o f  S.

mansoni in fected  mice are sign ificantly  decreased  (De Oliviera and

Costa, 1977). De O liviera and Costa (1977), explained the d ecrease*
in to ta l and e s te r if ie d  ch o le s te ro l as being due to  the decreased



a ct iv ity  o f  le c ith in ich o lestero l a c y l-tr a n s fe ra s e  (LCAT), which 

ca ta ly zes  the e s te r if ic a t io n  o f  ch o le s te ro l in the blood v e s s e ls  

and liv e r  (G louset e t  al> 1962). LCAT a c t iv ity  was shown to  be 

reduced in chronic S. mansoni in fected  patien ts (Medeiros, 1975; as 

c ite d  by G illet and Carvalho, 1978).

However, adult S. mansoni do not synthesize ch o le s te ro l de 

novo from [14C] a ce ta te  or mevalonate (Smith e t  a l, 1970; Meyer e t  

aly 1970) but it  is  acquired by the adults from the h o s t  (Smith and 

Brooks, 1969). The explanation o f the low plasma ch o le s te ro l seen 

in S. mansoni in fection  may, th e re fo re , be due to  both  uptake by 

the worms and depressed  LCAT a c t iv ity  in th is in fection .

1.5.2.3. EFFECTS .OF S. MANSONI INFECTION ON HOST VITAMIN

NUTRITIONAL STATUS

Reduced lev e ls  in liv er  thiamin, niacin, pantothenic acid, 

have been dem onstrated by Saleh and Shehata (1978), in mice and 

hamsters in fected  with S. mansoni. They showed no e ffe c t  o f  the 

in fection  on h ost liv er  lev e ls  o f  r iboflav in  and pyridoxine. Samir- 

Amer e ta l  (1967) dem onstrated decreased  lev e ls  o f  liv e r  pyridoxal 

phosphate in mice in fected  with S. mansoni. Njagi (1990) showed 

d ecrease  in the lev e ls  o f  pyridoxal phosphate in liv ers , kidneys 

and spleen, and increased lev e ls  in sk e leta l muscles o f  mice 

in fected  with S. mansoni compared to  normal c o n tro ls . He concluded 

that, whereas th eres  is  no decrease  in to ta l  body pyridoxal

phosphate, there is  red istribu tion  in the variou s organs.
%

J
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1.5.2.4. EFFECTS OF S. MAN SON I INFECTION ON IHflgT nMimSB

METABOLISM

G lycosuria which disappeared a fte r  treatm ent of S. mansoni 

in fection  was dem onstrated by Erfan and Camb (1933) in human 

patien ts. It was proposed that th is  observation  could be due to  

e leva ted  blood g lucose in the h ost during th is  in fection . Saleh e t  

al (1976) showed elevated  fa stin g  b loodglu cose ir mice in fected  

with S. mansoni. Other workers la te r  rep orted  th a t  S. mansoni 

in fection  does not a f fe c t  the b lood  g lu cose in mice (Sadun and 

Williams, 1966). Saleh e t  al (1976) suggested  that the resu lts  o f  

Sadum and Williams (1966; in r e sp e ct  to  h ost b lood g lucose could be 

due to  the sh ort duration o f  the in fection , or  the lower parasite  

burden o f  in fection .

Other in v estig a tors , (Ghanem e t  al, 1971, 1973 Hassabala e t  

a l, 1964; Sukkar e t  al, 1974, El-Hawary e t  al, 1973) have also found
v

normal fa stin g  blood glucose lev e ls  in S. mansoni inf e cted  patients 

but abnormal ora l and intravenous g lu cose  to le ra n ce . The glucose 

disappearance ra te  is  decreased  in the in fe c te d  patients 

compared with normal con tro ls , suggesting th a t  S. mansoni 

in fe ction  cau ses impairment in the u tiliza tion  o f  g lucose by the 

host.

The high ra te  o f  g lucose u tiliza tion  (20% o f  their dry 

w eight/hour fo r  coupled worms) by the worms (Musa e ta l , 1969) does



not seem to  account fo r  in creased  or  normal le v e ls  o f fa stin g  

g lucose in man and experimental animals during th is  in fection . 

In fection  should indeed cause hypoglycaemia.

Saleh et al (1967), showed a very  low incidence (4.2.%) o f  

pancreatic involvmentin sch istosom iasis. This a f fe c t s  mostly the 

periducta l t is su e s  o f  the pancreas and only v e ry  rarely the 

parenchymal and Is le t  t issu e s . Ghanem e t  al (1973), demonstrated 

hyperinsulinaemia in sch istosom iasis patients a f t e r  intravenous 

g lucose administration. The low pancreatic involvement shows 

that pancreatic function is  unlikely to  be a f fe c te d  by S. mansoni 

in fection . The abnormal g lucose metabolism observed in this 

in fection  is  th ere fore  unlikely to  be due to  the under production 

o f  insulin or glucagon. Indeed hyperinsulinaemia was demonstrated 

by Radioimmunoassay in humans in fected  by S. mansoni by Ghanem e t  

al (1973), suggesting normal pancreatic response to  

hyperglycaemia. However, there are no rep orts  on the b ioactiv ity  

o f  insulin in S. mansoni in fection .

Ghanem e t  al (1971) showed th^t insulin administration caused 

a smaller decrease  o f blood g lucose in sch istosom iasis in fected  

patien ts with a sc ite s  compared with healthy su b je c ts . Stimulation 

o f  insulin secre tion  with sulphonylureas, glycodiazine and 

tolbutamide a lso  resu lted  in impaired lowering o f  blood glucose. 

Their observation s may suggest an impairment o f  the ce llu lar  

uptake o f  g lucose in response to  insulin.

Shaheen e t  al (1989) dem onstrated decreased  blood la cta te ,%
increased pyruvate, increased liv er  g lu cose-6 -p h osph atase  and

J
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glu cose-6 -p hosphate  dehydrogenase in mice in fected  with S. 

mansoni. These authors a ttribu ted  the increase in blood pyruvate 

to  decreased u tilisa tio n  o f  pyruvate and o th er  Kreb's cy cle  

interm ediates. This could be due to  decreased thiamin and niacin 

leve ls  in th is in fection . This was supported by Saleh and Shehata 

(1978) who dem onstrated reduced thiamin and niacin levels in mice 

and hamsters in fected  with S. mansoni. D ecreased pyruvate 

u tilisa tion  would in crease the NAD/NADH"*- ra tio  which would inhibit 

the conversion  o f  pyruvate to  la cta te  and increase the 

p y ru v a te /la cta te  ra tio . El-Hawary e t  al (1973) a lso  demonstrated 

increased blood pyruvate in patients in fected  with S. mansoni, 

while Ezz e t  al (1971) and Saleh e t  al (1976) showed increased 

la cta te  in this in fection .

In conclusion there appear to  be con flictin g  rep orts  on the 

e f fe c t s  o f  S. mansoni in fection  on blood sugar level . Some 

workers have found hyperglycaemia, (Erfan and Camb, 1933, Saleh 

e t  al, 1976), while oth ers  have found low blood g lu cose , (Sadum and 

Williams, 1966) and oth ers  have fqund normal fa stin g  blood g lucose 

leve ls  in in fected  patien ts (Ghanem e t  al> 1971, 1973, Hassabala e t  

al, 1964; Sukkar e t  al, 1974 and El-Hawary e t  a l, 1973). There 

appear to  be few, i f  any, re p o rts  on the e f f e c t s  o f  S. mansoni 

in fection  on the h ost 's  carbohydrate metabolic enzymes and th eir  

su b stra tes.

%
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1.5.2.5. EFFECTS QF S. MAN SON I INFECTION ON HOST TRACE

METAL IONS (Zir*- and C r - - - )

Zinc is  a con stitu en t o f  over 20 metallo-enzymes; including 

both RNA and DNA polym erases, Alchohol dehydrogenase, ca ta la se , 

and alkaline phosphatase (Devlin, 1976). Zinc d e fic ien cy  in children 

leads to  derm atitis, poor growth, and impairment o f  sexual 

development. In both children and adults zinc deficiency  is  

a ssoc ia ted  with poor wound healing and d ecreased  ta s te  acu ity  

(Devlin, 1976).

Reduced serum zinc le v e ls  in S. mansoni in fe cte d  patients and 

experimental animals have been reported  by se v e ra l in v estig a tors  

(Prasad e t  a l, 1963; Mickhail e t  a l, 1982). However, Soliman (1975), 

reported  e levated  serum zinc lev e ls  in p a tien ts  with S.mansoni 

in fection  as compared to  normal con tro ls .

Zinc is  a lso known to  be required fo r  the storage o f  p ro 

insulin in the pancreas. It is  absorbed as a chela tion  product with 

picolin ic acid in the g a stro in testin a l t ra c t  (Bender, 1982). 

Picolinic acid is a product o f the main oxidative pathway o f  

tryptophan, a pathway whose m etabolic flux has been shown to  be 

reduced in S. mansoni in fection  (Njagi, 1990). Reduced p icolin ic acid 

in S. mansoni in fection  could be the explanation fo r  the reduced 

plasma zinc observed in the in fection . Reduced plasma zinc could  

lead to  poor storage o f  proinsulin  in S. mansoni in fection .

The reduced metabolic flux through the tryptophan oxidative%
pathway may lead to  the reduction  o f  n icotin ic acid, a component



o f the g lucose to leren ce  fa c to r , a chrom ium -nicotinic acid complex 

that enhances the action  o f  insulin in vitro. (Mertz, 1974; T oepfer 

e t  alt 1977). No lite ra tu re  ex is ts  on the serum le v e ls  o f the tra ce  

element chrominum in S. mansoni in fection  in man and experimental 

animals.

1.6.0 AIMS. ANH.QBJECIIVES-

B ro a d  o b j e c t i v e .

To estab lish  the e f f e c t  o f  S. mansoni in fection  on mouse 

blood g lucose lev e ls , and determine its  ba sis  in term s o f enzymes 

responsib le fo r  g lucose metabolism, or  an e f f e c t  on the 

production or action  o f  insulin.

Sp e c ific  ob .iectives

1) To determine the e f f e c t  o f  S. mansoni in fe c t io n  onhost blood 

g lucose leve ls .

2) To estab lish  the e f f e c t  o f  a dose o f  exogenous insulin on 

the serum glucose concentration  o f  S. mansoni in fected  mice.

3) To estab lish  the e f f e c t  o r  otherw ise o f  S. mansoni in fection  

on the pancreas by measuring serum con cen tra tion s o f 

pancreatic lipase in S. mansoni in fected  mice.

4) To estab lish  the serum concentration  o f  the metal ions Zn""*‘ 

and Cr+ and the sp e c ific  a c t iv it ie s  o f  enzymes whose 

a c t iv ity  is  dependent on these ions in S. mansoni in fected  

mice.

J
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5) To determine the sp e c ific  a c t iv it ie s  o f  the  regulatory



enzymes o f  the g ly co ly tic  pathway and the Kreb's cycle  in S. 

mansoni in fected  mice.

To esta b lish  i f  S. mansoni in fection  in fluences the h ost 's  end 

products o f  g ly co ly s is  by comparing serum concentrations 

o f  pyruvate and la cta te  and the sp e c ific  a c t iv ity  o f  la cta te  

dehydrogenase in S. mansoni in fected  mice.
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2JL0 ANIMALS

Male swiss albino mice were purchased f  rom the animal 

house, Department o f  Zoology, U niversity o f  N airobi, at the age o f 

4 weeks. The mice were divided randomly into two groups, i.e. a 

con tro l group, and those to  be in fected  with S. mansoni (for  method 

o f in fection  see  2.2.0). Both groups were kept in mouse cages in 

the animal house o f  the Department o f  B iochem istry, University o f 

Nairobi. They were fed  the animal house d iet o f  motuse pellets  and 

water, ad libitum. The com position o f  the p e lle ts  was as shown in 

table 2.

2.2.0. INFECTION OF MICE WITH S. MAN SON T

C ercariae o f  S. mansoni were provided by th e  Kenya Medical 

Research In stitu te  (KEMRI), Mbagathi, Nairobi. Tbe in fection  is 

maintained in th is In stitu te  in the snail, Biomphaldria p f e i f f e r i ,  

which were caught in water bodies in the E astern  province o f 

Kenya. The snails are in fected  with miracidium provided by the 

In stitu te  o f  Primate Research (IPR), Nairobi, and th ey  are hatched 

from eggs passed  in s to o ls  o f  baboons, (Papio. anubist). The original 

in fection  was obtained in Machakos, Eastern P rov ince of Kenya, in 

the form o f  S. mansoni eggs passed by a human pa tien t.

The snails were induce^ to  shed cerca r ia e  b y  placing them 

under bright light fo r  about one hour. To ensure getting
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T a b le  2 . N u t r i t io n a l  c o m p o s it io n  o f  m ou se  p e l l e t s ,  

(w t . /w t l *

P rotein s 18.0

Fats 4.0

Carbohydrates 67.0

Vitamins 3.0

Minerals 4.0

D ietary fib re s 4.0

Energy density(kJ/g) 15.73

Table 2 shows the ra tio (wt/wt) o f  the various

nu trien ts in the mouse p e lle ts  used in t,his study.

* Provided by Unga Feeds Ltd.



cerca r ia e  o f  both sexes, a t le a s t  10 snails were shed at the same 

time. (The snail phase o f  S. mansoni life  cy cle  is  asexual).

The cerca r ia e  were counted under the d issectin g  

m icroscope, where 10 ul o f  w ater containing ce rca r ia e  was placed 

on a p la s tic  p e tr i dish, and a drop o f  1% iodine added to immobilize 

them. The t o ta l  number o f  ce rca r ia e  in 10 ul was multiplied by the 

volume o f  w ater containing the shed cercaria e  (in^ul's)to give the 

to ta l number o f  cercaria e .

The mice were in fected  by the paddling method as described 

by Cowper (1971), within two hrs a f t e r  co lle c tio n  o f  cercariae . The 

mice were f i r s t  immersed in w ater reaching up to  th e ir  b e llie s  in 

a cage. They were le f t  in th is s ta te  fo r  about 30 minutes. This 

was to  induce m icturition and defaecation , because these 

substances are lethal to  ce rca r ia e . They were then tran sferred  

to  another cage with a similar amount o f  water, and the cercariae  

were then added into the water. Mice were then le ft  to  get 

in fected  fo r  30 minutes, a fte r  which they were removed to  their  

normal cages. The number o f  cer;cariae used was about 150 per 

animal.

2.3.0. CONFIRMATION OF INFECTION

The presence o f  eggs in the s to o l confirmed the in fection . 

The form alin -ether technique (Jordan and Webbe, 1982), was used

to  separate  the eggs. S tool was obtained individually from each%
mouse, 50 days p ost in fection , and homogenised in about 10 mis o f

2 5
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normal saline. The suspension was strained through two layers o f  

wet gauze into a centrifuge tube. A fter  cen trifu ga tion  the 

supernatant flu id  was pippetted o f f  and the resid u e  repeatedly 

resuspended in lOmls o f  normal saline until the supernatant was 

clear. The residue was then mixed with 10 mis o f  4% formaldehyde 

and allowed to  stand fo r  5 minutes. 3mls o f  ether was then added 

and the mixture capped and shaken v igorou sly . This was then 

cen trifu ged  at 4,000 r.p.m. fo r  5 minutes with an MSE bench 

cen trifu ge  (Fisons -  England). This cen trifu g a tion  resu lted  in 

fou r  la yers ; the topm ost c lea r  layer o f  ether with d issolved  fa ts , 

a plug o f  fea ca l debris, a c lea r  layer o f  formaldehyede and the 

sediment containing the eggs. The sediment was p laced on a g lass 

slide and examined fo r  S. mansoni eggs under the m icroscope.

2.4.0. CHEMICALS AND ENZYMES.

The reagents in this study were o f a n a ly tica l grade. They 

were obtained from British Drug House, Poole England; Sigma 

Chemicals, St.Louis, M0, U.S.A; vand Boehringer Manheim GmBH, 

Germany. Lente insulin was obtained from Novo Industri A/S 

Copenhagen, Denmark.

2.5.0 PREPARATION OF TISSUES FOR ENZYME AND METABOLITE

ASSAYS

The mice w ere s a c r i f i c e d  by a n a e s th e s ia . T h is  was done by

soak in g  c o t t o n  w ool in d ie th y l e t h e r  p la ce d  in a la r g e  open mouth

g la s s  c o n ta in e r . The m ouse was th en  dipped in to  th e  b o t t l e  and
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removed when anaesthetized. The mice were then pinned on a 

d issection  board with the ven tra l side up. The abdomen was opened 

with a single median ven tra l in cision  and blood obtained from the 

in fer ior  vena cava by needle asp iration . The liv e r , heart, lungs, 

spleen, kidneys and t e s t e s  and the hind biceps skeleta l muscle 

were d issected  out. The brain was obtained by a craneotomy. The 

t is su e s  were immediately immersed in ice cold  0.25 M sucrose.

The t is su e s  were homogenized in the cold  room (+4°C) using 

a te flo n  p estle  operated  at low and constant speed in order to  

achieve a gentle homogenization o f  the tissu e . Homogenization 

conditions were the same fo r  a ll preparations.

Except where otherw ise indicated, all enzyme assays were 

carried  out at 25°C, using a Perkin Elmer 550S u v /v is  s p e c tr o 

photometer. The appearance or  disappearance o f  NADH, NAD'*' or  

NADP'*' was monitored at 340 run. In these assays, 1 cm light path 

cu v e tte s  were used and in all cas^s in itia l ra te s  o f  reaction  were 

determined. The molar extinction  c o e ff ic ie n t  at 340 nmwas taken 

as 6.22 x 103 L.mole-1 . cm-1. A unit o f  enzyme a c t iv ity  was defined 

as the amount o f  enzyme that cata lyzed  the conversion  o f  1 nmole 

o f  su bstra te  to  products per minute at 25°C under the sp ec ified  

conditions o f  the assay system , while the sp e c ific  a ctiv ity  o f  an 

enzyme is the activity /m g protein .
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2.6 .3 . (EC 1-11 1)

Alchohol dehydrogenase a c t iv ity  was assay ed  in 3 mis o f  50 

mM tris-H C l b u ffe r , pH 8.4, containing 5% ethanol and 0.8 mM NAD.

The principle o f  the assay  was based on th e  increase in 

absorbance at 340 nm due to  the reduction  o f  NAD according to  the 

following reaction :

Ethanol ♦ NAD* A0- — ►Acetaaldehyde . NADH* ♦ H*

The rea ction  was s ta rte d  by the addition o f  lOÔ al o f  the 

extract.

2.6.4. SUCCINATE DEHYDROGENASE ACTIVITY (K.C. L3.99J.)

The enzyme was assayed  essen tia lly  as described by 

Pennington (1961). The assay was based on the reduction  o f  2 -p -  

Iod oph en yl-3 -p -n itroph en yl-3-phenyl monotetrazolium chloride 

(INT). The assay  medium contained 50 mM pottasium  phosphate 

b u ffer , pH 7.4, 50 mM sodium su ccin ate , 25 mM su cro se , and 100-200
v

ug mitochondrial protein. The rea ction  was in itia ted  by addition

o f  lOOjul stock  phenazine m ethosulphate (10 mg/ml) followed by 200

ul o f  s tock  INT. The final volume o f  incubation medium was 1.0 ml.

A fter  an incubation period  o f  5 min at 25°C, 1.0 ml o f  10%

tr ich lo ro a ce tic  acid was added to  the medium to  terminate the

reaction . E thylacetate (4.0 mis) was then added to  each tube, the

contents shaken vigorou sly  fo r  30 seconds, and the tubes le f t  to%
stand until the e th y la ceta te  la yer  cleared . This layer was then



ca re fu lly  removed with a pasteu r p ip ette  and the absorption  

measured at^490 nm against e th y la ce ta te . C ontrol samples were 

tre a te d  in a similar manner except fo r  the om ission o f succinate 

from the medium. Molar extinction  c o e ff ic ie n t  fo r  the reduction  

o f  INT in eth y lacetate  was taken to  be 20.1 x 103 L.. mol_1Cm_1.

2.6.5 Alpha-KETOGLUTARATE DEHYDROGENASE (E.CJL2.4.2)

The enzyme was assayed according to  Gibson e t  aJ(1984) in 50 

mM MOPS adjusted to  pH 7.6 with trizma base, 0.5 mM MgCl2 , 0.1 mM 

CaCl2 , 50 mM' ethelenediamine t e t r a c e t ic  acid (EDTA), 0.5 mM 

d ith io th reoto l, 0.15 mM thiamin pyrophosphate, 0.5 mM 2 - 

oxoglutarate , 1 mM NAD-*- 0.12 mM CoA, 40uM roten on e , lmg/L.Triton 

X-100, and 25pl o f  the extract. The assay  is based on  the increase 

in absorbance at 340 nm due to  the form ation o f  NADH according to  

the following reaction:

CoASH Co9
V  ^  2 .

o<-ketoglutarate— > — ». Succinyl CoA _ .

NAD NADH ♦ Hv

The reaction  was s ta rte d  by the addition o f  N1AD.

2.6.6 PYRUVATE DEHYDROGENASE(PDH)

The enzyme was assayed as described  by Willimans and Hager

(1966); by the measurement o f  CO2 re lea sed  from pyruvate during

oxidative decarboxylation. Ferricyanide served  as the terminal
%

e le ctron  acceptor, so that the fla v op rote in  served  in  a ca ta ly t ic

J
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fashion.

Each Warburg cup contained 100 mM phosphate bu ffer, 10 mM 

o f MgCl2 , O.l. îM o f  thiamin pyrophosphate, 50 pM o f  pyruvate, 0.01M 

sodium lauryl sulphate, 0.5 mg ovalbumin, and 100 u l of the t issu e  

e x tra ct in the main compartment o f  the flask , plus 25mM o f 

ferricyan ide  in the side arm o f  the flask.

A fter  temperature equ ilibration  at 30°C the  ferricyanide 

was tipped into the main compartment o f  the Warburg flask and CO2 

evolu tion  was measured at 5 min in terva ls . One un it of enzymatic 

a c t iv ity  is defined as the evolu tion  o f 1 nmol o f  CO2 per 30 

minutes under above conditions. S pecific  a c t iv ity  is defined as 

units per milligram proteins.

2.6.7 HEXQKINASE (H.K.l (EC 2.7. 11.)

The enzyme was assayed according to  Bergmeyer (1974) in 50 

mM Triethanolamine b u ffe r , pH 7.5, containing 10 mM MgCl2 , 1 mM 

NADP'*', 4 mM ATP, 5 ug/ml g lu cose-6 -p h osph ate  dehydrogenase and 

1 mM D -glucose. The assay is  basqd on the increase in absorbance 

caused by the form ation o f  NADPH according to  the following 

reaction s : ___  _____ ____

Slu;0sc GIu c o m -  6 -  Phosphate

ATP A ^P  NADP NADPH

The reaction  was s ta rte d  by the addition o f 30 or 50 jolI the

31

e x t r a c t .



32

The enzyme was assayed in 50 mM Tris-HCl b u ffer , pH 8, 

containing 10 mM MgCL2 , 6 mM KC1, 0.1 mM NADH, 2 mM ATP, 1.5 mM 

cyste in e , 5pg/m l glycerophosphate dehydrogenase, 5^ag/ml tr io s e  

phosphate isom erase, 5 pg/ml a ldolase and 5 mM fr u c to s e -6 -  

phosphate. (S torey  & Bailey, 1978). The assay  was based on the 

decrease in absorbance at 340 nm as NADH is  oxid ised  according to  

the following rea ction s :

2.6 .8  PHOSPHOFRIJCTOKTNASK (P ff K 1 (EC 2 7 1 11)

Fructose - 6 - phosphate
ATP

ADP

PFK

t
Fructose, 1,6 diphosphate

o<- glycerolphosphate

The rea ction  was s ta rte d  by the addition  o f  50 the

e x t r a c t .
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The enzyme was assayed in a malate dehydrogenase coupled 

reaction  according to  Weeda e t  al (1980) in 75mM Tris-HCl b u ffe r  

(pH 7.4), 0.2mM NADH, lOmM KHCOs, lOmM MgCls, 0.15mM a cety l CoA, 

5ug/ml malate dehydrogenase (M.D.H.), 40mM ATP and 20 or  40jj1 o f  

the extract. The rea ction  was sta rted  by the addition o f  lOmM 

pyruvate. The rea ction  sequence was as follow s:

2 .6 .9  PYRUVATE CARBOXYLABErP.C.YE H.R.4.1 1 1

Pyruvate ♦  HCO^ ------
/  \  

ATP ADP

— ►  Oxaloacetate ♦  Pi ♦  H* 

NADH

MDH r
NAD4,

Malate

2 . 6 .10. CATALASE ACTTVrrY (EC 1 11 1 6)

The a c t iv ity  o f ca ta la se , in red blood c e lls , was assayed by

the method described  by Bergmeyer (1974), based on the principle

that in the u ltra v io le t  range, H2O2 shows a continual increase in

absorption  with decreasing wavelength. This allows the

decom position o f  H2O2 to  be follow ed d irectly  by the d ecrease  in

extinction  at 240 nm. Thus the d ifferen ce  in extinction  AE240 nm)

per unit time is  a measure o f  ca ta la se  a ct iv ity .

Blood was c o lle c te d  as described in 2.5.0 in heparinized

containers and centrifuged  at 13,000 r.p.m fo r  5 min on an MSE

microfuge (Fisons-England)and the plasma and leu cocy te  layers

removed with a p asteu r p ipette . The ery th rocy te  sediment was

then washed 3 times with iso ton ic  saline. A stock  haem olysate was%
prepared by addition o f  fou r  parts  by volume o f  d is t ille d  water.
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The haem olysate was diluted 1:500 with phosphate b u ffe r  (50 mM, pH

7.0) immediately b e fo re  the assay. The haemoglobin content o f  the

stock  haem olysate was determined in duplicate by the

cyanomethaemoglobin method described 2.6.10.1.

The assay  was carried  out in a Perkin Elmer S 550 u v /v is

spectrophotom eter, in a 3 mis quartz cu v e tte , light path 1 cm. The

t e s t  cu v e tte  contained 2.0 mis diluted haem olysate, and 10 mM

H2O2. This was read against the re feren ce  cu v e tte  which

contained 50 mM phosphate b u ffe r , pH 7.0, and 2.0 mis o f

haem olysate. The reaction  was s ta rte d  by addition o f  H2O2.

Readings were taken at 15 second in terva ls  fo r  1 minute.

C atalase a c t iv ity  was ca lcu lated  by the formula:

k/g.Hb = 2.3 x a x log Ei [s e c .-1]
15 b E2

where

Ei is  E240 at t  = 0 

E2 is  E240 at 15 sec.

a = Hb concentra tion  in erv th rocv te  sediment.(mg.Hb/ml)
Hb con cen tra tion  in cu v ette  (mg.Hb/ml)

b = Hb content o f  blood or e ry th rocy te  sediment (mg/ml)

k = ra te  constant o f  a f i r s t  order reaction .

2.6J.0JL HAEMOGLOBIN DETERMINATION

Haemoglobin was determined by the cyanomethaemoglobin 

method. The rea ction  mixture contained 20pl o f  the  sample and 

5mls o f  f  erricyanide reagent. The f  erricyanide reagent was made 

by d issolv ing  lg  NaHC03, 200mg pottasium ferricyanide,and 50mg 

pottasium  cyanide in 1L o f  water. This was allowed t o  stand fo r  10



m inutes and th e  a b so rb a n ce  was re a d  a t  540nm.

2.6JLL SERUM PANCREATIC LIPASE

Serum pancreatic lipase was assayed  essen tia lly  by the 

method o f  Cherry and Crandall (1976). Pancreatic lipase 

hydrolyses e s te r s  o f  fa t ty  acids to  y ield  mixed a cy lg lycero ls  and 

fre e  fa t ty  acids. The libera ted  fr e e  fa t ty  acids can be 

quantitated titrim etrica lly  with sodium hydroxide.

To two t e s t  tubes 0.75 mis o f  d is t illed  w ater and 0.25 mis o f  

serum were added. One o f  the above tubes was placed in a water 

bath at 100°C to  in activate  the lipase and then coo led . This tube 

acted  as the con tro l. To both tubes were added 0.125 mis o f  0.25 

M phosphate b u ffe r , pH 7; and 0.5 mis o f  50 per cent o live  o il 

emulsion (prepared by homogenising a mixture o f  equal p arts  o f 

o live  o il and a 5% solu tion  o f  gum acacia  in w ater containing 0.2 

per cent sodium benzoate as preservative ).

The t e s t  tubes were well shaken and incubated at 37°C fo r
v

twenty fou r  hours. Then, a fte r  adding 0.75 mis o f  95% ethanol and 

2 drops o f  phenolphthalein, each tube was t it r a te d  with 0.05 N 

sodium hydroxide to  a similar pink colour.

R esu lts were expressed in terms o f  the volume o f 

0.05 N sodium hydroxide required to  t it r a te  the fa tty  acids 

liberated. Units o f  lipase a c t iv ity  per ml. o f  serum = (mis t itra tio n  

o f  the unknown -  mis t itra tio n  o f  con tro l) x 4.
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2.7.0. PROTEIN DETERMINATION

Protein  was determined spectrophotom etrica lly  by the 

procedure o f  Lowry e t  al (1951), using bovine serum albumin as a 

standard. The standard curve was con stru cted  using serum 

albumin concentrations ranging from 10-200 jig  made to  a final 

volume o f  0.6 ml. To each protein  sample 3.0 mis o f  solution  A 

(prepared fresh ly  by mixing 0.5 mis, 1% CuS0*4, 0.5. mis 2% Na-K 

ta r ta ra te  with 49 mis 2% Na2C03 in 0.1 M NaOH) was added. The 

solu tion  was allowed to  stand fo r  10 minutes. 0.3 mis solu tion  B 

(fo lin  phenol reagent, diluted 1:4 with d is t ille d  water) was then 

added and thoroughly mixed. The so lu tion s were s to re d  in the dark 

fo r  30 minutes and the op tica l density  was then read  at 750 nm in 

a Perkin Elmer 550S u v /v is  spectroph otom eter. Blanks were 

prepared using 0.6 mis o f  d istilled  water, and ran through the same 

procedure.

Sample aliquots were run through the same procedure and 

the protein  concentrations read against the standard curve.

Serum glucose was assayed from blood obtained as described 

in 2.5.0. Red c e lls  were separated  by centrifuging a t  13,000 r.p.m. 

fo r  5 minutes in the cold  room(+4°C) using an MSE microfuge 

(Fisons-England) Glucose was determined immediately in 50yul o f

serum in a reaction  mixture containing 50 mM KC1, 10 mMMgS04, 0.2
%

mM EDTA, 1.0 mM NADP+, 5 mM ATP, 1.5 I.U. hexokinase, 4.0 I.U.

2 . 8.0

2.8JL GLUCQSE ASSAY



g lu cose -6 -p h osp h a te  dehydrogenase and 50mM Tris-HCl, pH 7.5. 

The assay  was based on the in crease in absorbance at 340 nm as 

NADP+ is reduced. This is  shown in the follow ing sequence o f  

reaction s :

J

37

Glucose --- --  
♦

ATP

Glucose -  6 -  
♦

ADP

Phosphate ^ 6 - pQ .^_ .6 -P hospho- 
/  \G luconolacto

NADP NADPH

The rea ction  was s ta rte d  by the addition o f  ATP and the 

mixture was allowed to  incubate at room tem perature fo r  30 

minutes. Absorbance was read at the s ta r t  o f  th e  reaction  and 

a fte r  incubation. The d ifferen ce  in absorbance (AE) was used to  

ca lcu la te  the serum glucose concentration . The concentration  o f  

g lucose in each sample was estim ated using the formula:

C = £ i  V 
6.22 x v

where: C = Concentration o f  g lucose in mmol/1.

E = Change in absorbance during the assay .
v

v = Volume o f  sample.

V = Volume o f  assay  mixture

An extin ction  c o e ff ic ie n t  o f  6.22 x 10“ 6 per mole of NADP was 

used in a ll determ inations at 340 nm.
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2.8.2. PREPARATION QF SAMPLES FOR DETERMINATION OP

LACTATE AND PYRUVATE

Blood was obtained as d escribed  in 2.5.0. Protein was 

p recip ita ted  in the cold  room using perch loric  acid (PCA), (3.15 mis 

o f  7% PCA/ml o f  blood). The samples were then centrifuged at

13,000 r.p.m. in microfuge in the co ld  room (+4°C). The supernatant 

was neutralized using 6 M KOH with methyl orange as indicator. 

A liquots o f  the protein  fr e e , neu tra l e x tra cts  were used fo r  

la cta te  and pyruvate determ inations.

2.8.3 LACTATE

L actate was determined e sse n tia lly  as described by

Bergmeyer (1965), at 25°C using 3 mis cu v e tte s  with 1 cm light path.

An extinction  co e ff ic ie n t  o f  6.22 x 10-6  per mole o f  NAD* was used

fo r  the determinations at 340 nm. The con cen tra tion  o f la cta te

in each sample was estim ated using the formula:

C = E x V x D 
6.22 x v

v
where C = Concentration o f  la c ta te  in moles/1.

E = Change in absorbance during the assay  (Ei-Eo).

D = T otal dilution, 

v = Volume o f sample.

V = Volume o f  assay mixture.

The reaction  mixture contained 0.09 M hydrazine, 0.225 M 

glycine b u ffe r , pH 9.5, 2.5 mM NAD*. A fter  preincubation fo r  5 

minutes Eo was read and the rea ction  was then started  by the 

addition o f  5.5 I.U. o f la cta te  dehydrogenase, and allowed to  go to
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completion a fte r  which Ei was read. The AE la cta te  was determined 

and used to  estim ate the con cen tra tion  o f  la cta te  in each sample.

2.8.4 PYRUVATE

Pyruvate was determined essen tia lly  as described by 

Bergmeyer (1965), at 25°C using 3 mis cu v e tte s  with 1 cm light path 

immediately a fte r  neutralization .

An extinction  c o e ff ic ie n t  o f  6.22 x 10-6  per mole of NADH was 

used in all determinations at 340 nm. The concentration  o f 

pyruvate in each sample assayed  was estim ated using the formula 

shown in section  2.8.3. fo r  la cta te .

The reaction  mixture contained 300 mM triethanolamine 

b u ffe r , pH 7.6, 3 mM EDTA, and 0.1 mM NADH. 2 mis. o f  the 

deprotein ized sample were added to  the reaction  mixture. The 

reaction  mixture was preincubated until a stable  absorbance was 

obtained (Eo). This procedure allowed the rea ction  mixture to  

acquire a uniform tem perature. A fter  the preincubation period, 

the rea ction  was sta rted  by the addition o f  5.5 I.U. o f la cta te  

dehydrogenase and allowed to  go to  completion and the absorbance 

(Ei) read. TheAE pyruvate at 340nm. was determined and used to  

estim ate the concentration  o f  pyruvate in each sample assayed.

2.9.0 INSULIN CHALLENGE TEST

This experiment was carried  out on the principles o f the

b ioassay  o f  insulin as described  in the international%
pharmacopoeia (1967). Commercial insulin (40 I.U/ml) was diluted 500
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times in 0.9 N saline, pH 2.5. 0.5 mis o f  the diluent, was in jected  

subcutaneously on the an terior  abdominal wall o f  thse mice, to  give 

0.04 I.U. o f  insulin per mouse.

Blood (50 ^il) was obtained from a ta il nick b e fo re  and 30 

minutes a fte r  in jection  o f  insulin. The blood was d iluted  in normal 

saline (500^il) and centrifuged  in the cold room f o r  5 minutes at

13.000 r,p.m. with an MSE microfuge (Fisons -  England) to  

p recip ita te  the red blood ce lls . Glucose was estim ated in the 

supernatant according to  the method described p rev iou sly  in 

section  2.8.1. The d iffe ren ce  in glucose con con tra tion  (mmol/1) 

b e fo re  and a fte r  insulin in jection  was taken as a measure o f  the 

responsiven ess o f  the animal to  exogenous insulin-

2.10.0 DETERMINATION OF SERUM CQNCENTERATIQN QF ZINC AND 

CHROMIUM (USING X-RAY FLUORESCENCE SPECTROSCOPE)

P rinciple

The qu antitative  analysis o f  serum zinc and chromium was

done by the method o f  Energy d ispersive X -ray flu orescen ce

sp ectroscop y  (EXRF). The method used was a m odification o f  the

proton  induced X -ray Emission spectroscop y  (PIXE as described by

Kinyua (1987) and Ishii e t  al (1975).

The technique is based on the principle that radiation , (fo r

example X -rays), upon impacting on matter, causes excita tion  o f

the atoms in the sample. During the deexcitation  o f  the atoms,

ch a ra cte r is t ic  radiation , i.e; emmision lines o f  elements are%
emitted. From measurements done on the yield and appropriate
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energy ca libration  o f  the sp ectra l lines, it  is  p oss ib le  to  do a 

qu alita tive  and quantitative analysis o f  the elem ents in a given 

sample.

X -r a v  f l u o r e s c e n c e  s p e c t r o s c o p y  inRtr>nme n t a t i o n

A molybdenum X-ray tube (SIEMENS FK 60-0-4) was used to  

produce X -rays. The secondary ta rg et was molybdenum. The X-ray 

tube was operated  at 40 kV and 35 mA.

A Silicon-Lithium (Si(Li)) X -ray d e te c to r  (EG and G ORTEC) 

coupled to  an ADC-multichannel analyzer (CANBERRA S 100) was used 

fo r  data c o lle c t io n  and to  analyze the X -ray spectra. The 

sp ectra l data was qu antitatively  analysed by th e  AXIL fitt in g  

programme in a computer linked to  the ADC-multichannel analyzer. 

The Si(Li) ORTEC d e te c to r  used was o f  the following 

ch a ra cte r is t ics : a ctive  diameter o f  6 mm, s e n s it iv e  depth o f  5 mm, 

and nominal berrylium window thickness o f 0.025 mm. The d e te c to r  

was operated  at a voltage o f  1,500V, negative bias. The measured 

reso lu tion  p rior  to  analysis wasv200eV at Ful Wiidth Half Maximum 

(FWHM) at 5.9 keV o f  Mn Ka-line and at pulse shaping time constant 

o f lOyuS. Figure 2 shows the geom etrical s e t  up o f  th e  X-ray tube, 

secondary ta rg e t, sample and d e tecto r .

The samples were doped on mylar, which are p o ly e s te r , high

purity, thin (3.6um in diameter) fo i ls ,  supported on aluminium rings

with adhesive material. For each sample 50 jjlI o f 1% PVP
%

(Polyvinylpyrolidone), 50 ul o f  1000 ppm yttrium Bolution (which
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Fig. 2.

up of x -ra y  tube, secondary ta rg e t, sample, detector, ADC analyzer and 
for XRF analysis of serum trace elements.
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acted  as an internal standard), and 50 ul o f  sample material were 

p ipetted  onto each ring mounted mylar. PVP serv ed  to  bind the 

sample and standard to  the backing. The rings with samples were 

then dried in a d e s s ica to r  a t 50°C fo r  two hours.

O ptim ization o f  th e Technique

(a) C onstruction  o f the ca lib ra t ion fa c to r  graph

The ca libra tion  fa c to r  graph is n ecessary  in this technique

to  determine the ca libra tion  fa c to r s  o f  the various elements

(Kinyua, 1982; 1987). The ca libration  fa c to r  o f  an element is  a

measure o f  the s e n s it iv ity  fo r  the particu lar s e t  up to  d e te c t

that element. It is  dependent on the atomic number o f an element,

the type o f  X -ray tube used, the secondary ta r g e t , the operating

voltage and curren t and the internal standard used. To determine

the ca libration  fa c to r s , c e r t if ie d  standards were used. These

were serum tra ce  elements (level II), urine tox ic  metals (elevated),

supplied by the IAEA, and atomic absorption  spectrophotom etry

(AAS) standards fo r  titanium, vanadium, manganese, iron, nickel,

copper, zinc and rubidium supplied by Sigma Pharmaceuticals.

Yttrium was used as the internal standard. The elements used in

con stru ction  o f the ca libration  fa c to r  graph were: pottasium,

calcium, titanium, vanadium, chromium, manganese, iron, nickel,

copper, zinc, selenium, and rubidium.

For each element the ca libration  fa c t o r  was ca lcu lated

according to  Kinyua,(1987),by the follow ing equation:

Calibration fa c to r  = Element net counts/E lem ent ppm (C ertified)
Yttrium net counts/Yttrium  ppm (Calculated)
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Where:

Element net count = Area o f  elemental peak divided by

t o t a l  t ime o f  datai  c o l l e c t i o n  

(coun ts/seconds)

Element ppm = Concentration o f  the elem ent in c e r t if ie d

sample in parts  per million

Yttrium ppm = Concentration o f  yttrium in the internal

standard in parts  per million.

The ca libration  fa c to r  graph was con stru cted  using the 

element atomic number on the horizontal axis and t,he ca libration  

fa c to r  on the v e r t ica l axis. For each element three

determinations were made and the average ca lib ra tion  fa c to r  used 

in the p lot. The graph was p lo tted  as a third o rd e r  polynomial. 

Figure 3. shows the ca libration  fa c to r  graph with 10% e rro r  bars.

(b) ACCURACY QF THE METHOD

The accuracy o f  the method was confirmed using a c e r t if ie d

standard,(freeze dried animal b}ood) which was n o t  used in the

con stru ction  o f  the ca libra tion  fa c to r  graph.

Ig o f  freeze  dried animal blood and 0.411 g. o f  y ttrium n itra te

(internal standard, 1000 ppm Y) were acid d igested  in a

concentrated  mixture o f  HNO3 and HC1 in the ra tio  3:l(v/v). The

digestion  was done on a hot plate in a fume chamber until the

solutions were c lear . The final volume was 100 mis. Glassware

used was f i r s t  boiled  in a concentrated  mixture o f  HNO3 and HC1
%

in the ra tio  o f  3 :l(v /v) to  remove residual metal elements, and then

44
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rinsed in double d istilled  deionized water.

The samples were then prepared as explained before  and a 

blank in duplicate was also prepared which contained 50 jil o f  3:1, 

HN03:HC1 and 50 jal o f  1000 ppm yttrium  and 50 jul 1% PVP.

The concentration  o f  the variou s elements was calculated 

by the formula:

Element ppm = Element net counts (sample) X 
yttrium net counts (sample)

Yttrium con cen tra tion  (ppm) in sample 
Element ca libra tion  fa c to r

Where:

Element net counts = to ta l  area o f  elem ental peak divided 

by time o f  data co lle c t io n  (counts/seconds).

Yttrium net counts = to ta l  area o f  yttrium  peak divided by

time o f  data co lle c t io n  (counts/seconds)

Element ca libration  fa c to r  = C alibration fa c to r  o f  the

element as obtained from the 

ca libra tion  fa c to r  graph.
v

The concentration  o f  the variou s elements in the blank 

sample was ca lacu lated  and su btracted  from the resp ective  

elemental va lues obtained from each sample.

Since 1 g o f  freeze  dried animal b lood was d issolved  in 100 

mis, and 1 ppm = lmg/1; to  con vert the con cen tra tion  in ppm t o p g /g  

dry weight the following formula was used.

Elemental concentration  in^ag/g = Element ppm x 0.1 x 1000
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SERUM SAMPLES

Blood was obtained as described  in section  2.5.0 from both 

in fected  and con tro l mice. The blood  was centrifuged  at 13,000 

r.p.m. with an MSE microfuge (Fisons-England) fo r  5 minutes. The 

serum was obtained from the c lea r  supernatant, and stored  at -  

20°C until time o f  assay. Samples were prepared and analysed as 

prev iou sly  described.

Elements concentration  was ca lcu lated  by the formula 

prev iou sly  given fo r  standard sample. Blanks containing yttrium 

(1000 ppm) -  50 y l  and 50 pL 1% PVP were a lso  run and the 

concentra tions o f  the various elements in ppm calculated. The 

average concentration  o f  the variou s elements in the blank were 

su btracted  from the final average con cen tra tion  o f  the element 

in the sample.

J
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C H A P T E R  3 

R E S U L T S

3.1.0 THE EFFECTS OF S. MANSONI INFECTION ON MOUSE 

SERUM GLUCOSE CONCENTRATION

In order to  determine whether S. mansoni in fe ction  in mice is  

a ssoc ia ted  with changes in serum glucose concentration  as 

reported  by Salehs e t  al (1976) and Shaheen e t  al (1989), serum 

glucose was determined in mice with 7 -8  weeks in fection .

Table 3 shows that the mean serum glucose concentration  in 

S. mansoni in fected  mice was increased  compared to  the con tro ls . 

The mean serum glucose lev e ls  being 8.24 mmol/1 in the in fected  

mice and 6.31 mmol/1 in the con tro l animals. This represen ted  an 

increase o f  30.7% in the mean serum glucose concentration  in the 

in fected  mice, and was sign ificant by the unpaired student's t e s t .

In man, random serum glucose concentration  between 3 .0 -8 .0  

mmol/1 is  considered normal. A serum glucose concentration  above

8.0 mmol/1 is considered as hyperglycaemia (W.H.0; 1980). The above 

re su lts  suggest that that S. majnsoni in fection  causes a mild 

hyperglycaemia in mice.

3.2.0 EFFECTS OF S. MANSONI INFECTION ON SERUM

PANCREATIC LIPASE CONCENTRATION.

A small percentage (4.2%) o f  human patients with S. mansoni 

in fection  were found to  have the worms d irect ly  in fecting the 

pancreas, mainly the periductal t is su e s . (Saleh e t  al, 1967). To 

t e s t  i f  the mild hyperglycaemia described  in se ct ion  3.1.0 is  due to
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Table 3. E ffe c ts  o f  S. mansoni i 

g lucose con cen tra tion

ANIMALS

CONTROLS

INFECTED

SERUM GLUCOSE (nanol/1.)

Mean ± S.D. (n)

6.31 ± 2.15 (17)

8.24 ± 2.29*** (15)

Values show mean ± standard deviation  fo r  the number o f animals 

shown in parenthesis. Significance o f  the d iffe r e n c e s  o f the means 

was te s te d  by the unpaired student's t - t e s t .

I**  0.001<P<0.05]
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schistosom al pan crea titis , serum pancreatic lip ase  a c t iv it ie s  

were compared in S. mansoni in fected  and con tro l mice.

Table 4 shows that the mean serum a ct iv ity  o f  pancreatic 

lipase was not sign ificantly  a f fe c te d  by S. mansoni in fection . The 

mean a c t iv ity  was 0.77 U/ml and 0.78 U/ml in the con trol and 

in fected  mice resp ectiv e ly  by the method o f Cherry and Crandall 

(1976).

These resu lts  suggest that the mild hyperglyc aemia seen in 

S.mansoni in fection  is  not due to  schistosm al pancr-eatitis.

3.3.0 EFFECT OF EXOGENOUS INSULIN ON SERUM GLUCOSE

CONCENTRATION IN S. MANSONI INFECTED MICE

It was proposed that e leva ted  serum glucose in S. mansoni 

in fection  could have been due to  secre tion  o f  b io log ica lly  

inactive insulin due to  the in fection , or to  blocked insulin 

re cep tors  by toxins orginating from the in fection .

In order to  t e s t  th is, b lood  was removed from both co n tro l 

and S. mansoni in fected  mice, b e fo re  and 30 minutes a fte r  an 

exogenous dose o f insulin. Serum glucose concentrations were 

determined at these two times, and the change in serum g lu cose 

concentration  calculated.

As shown in Table 5, the change in serum glu cose

concentration  in S. mansoni in fected  mice was sign ificantly  higher

than in the con tro l mice (2.07 mmo 1/1/30 min and 3.67 mmol/1/30 min

in the con tro l and in fected  mice resp ective ly ).%

These resu lts  suggest that S. mansoni in fe cted  mice are
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l
T a b le  4 : E f f e c t  o f  8 . m a n a n n i in f e c t i o n  In piIp r  nn hrt»h b

p a n c r e a t i c e  l ip a s e  c o n c e n t r a t i o n

ANIMALS ENZYME CONCENTRATION(U/ml serum)

Mean ± S.D.

CONTROLS 0.77 ± 0.15

INFECTED 0.78 ± 0.23

Values are mean± standard deviation  fo r  6 animals in each group. 

Significance o f  the d iffe re n ce s  in the means were te s te d  by the 

unpaired student's t - t e s t .



Table 5. Changes in serum g lu cose con cen tra tion  in  con tro l and 

S. mansoni in fected  mice following sub-cutaneous 

in jection  nf eyngenrms insnlin f0_04 T II

ANIMALS CHANGE IN SERUM GLUCOSE
mmo 1/1/30 min

Mean + S.D.

CONTROLS 2.07 ± 0.97

INFECTED 3.67 ± 0.10*

Values are m ean! standard deviation  fo r  4 animals in each group. 

The d iffe ren ces  in the means were te s te d  by the unpaired

student's t - t e s t .  [*0.05<P<0.1].
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more sen sitive  to  exogenous insulin than normal con tro ls . This 

precludes the hypothesis that insulin re cep tors  may beblocked in 

th is in fection . The re su lts  ra ise  the p o s s ib ility  that in S. 

mansoni in fected  mice there is  se cre tion  o f  le s s  a ctiv e  insulin. 

This then may have caused the insulin s e n s it iv e  tissu es  to  

respond by synthesizing more insulin re ce p to rs , and when an 

exogenous dose o f  b io log ica lly  active  insulin is  administered, 

there is  a g re a te r  response in change o f  serum glucose 

concentration . This would be in agreement with the e leva ted  

serum glucose con cen tra tion  seen in this in fe ction .

3.4.0 THE EFFECTS OF S. MANSONI INFECTION ON SERUM

CONCENTRATIONS OF ZINC AND CHROMIUM AND THE 

CORRELATION OF SERUM ZINC CONCENTRATION TO THE 

ACTIVITIES OF THE ZINC METALLOENZYMES; HEPATIC 

ALCHOHOL DEHYDROGENASE AND RED BLOOD CELL 

CATALASE.

Zinc is  important in the storag e  o f  p ro -in su lin  and insulin 

in the b e ta -c e l ls  o f  the pancreas. Insulin is  s to r e d  as a hexamer 

stabilized  by zinc in the s e cr e to ry  granules in the b e ta -c e l ls  o f  

the pancreas (Bender, 1982; Newsholme and Leech, 1983). Zinc is  

absorbed as a chelation  product with p icolin ic a c id  in the small 

in testine (Bender, 1982). It has been proposed that in S. mansoni 

in fection , there maybe d efic ien cy  o f  picolin ic acid (Bender, 1982). 

This could a rise  due to  the e f f e c t s  o f  the in fection  on  Tryptophan 

dioxygenase, an enzyme involved in the tryptophan oxidative
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pathway o f  which p icolin ic acid is  a product (N jagi and Bender, 

1990). Zinc d e fic ien cy  could th ere fo re  lead to  the p o o r  storage o f 

insulin and pro-insu lin  in the pancreas and so lead to  

hyperglycaem ia in th is in fection . Serum zinc con cen tra tion  was 

th e re fo re  compared in in fected  and con tro l mice. Furthermore, 

the a c t iv it ie s  o f  hepatic alchohol dehydrogenase and red blood 

ce ll  ca ta la se , which are zinc metalloenzymes were compared in the 

S. mansoni in fe cted  and con tro l mice to  determine i f  the a ctiv it ie s  

o f  these  enzymes corre la ted  to  any changes in serum zinc 

concentra tion .

The "g lucose to lerance  fa c to r "  is  a chromium -nicotinic acid 

complex which enhances insulin action  in v itro  ((Bender, 1982). 

N icotinic acid is  a product o f tryptophan oxidation , and it  has 

been proposed  th at due to  the e f f e c t s  o f  S. mansoni on Tryptophan 

Dioxygenase, there may be deficiency  o f  n ico t in ic  acid in this 

in fection  (Njagi and Bender, 1990). This would lead ito a deficiency 

o f  the "g lu cose  to leran ce  fa c to r "  and probably impair insulin 

action . To t e s t  i f  the mild hyperglycaemia se e n  in S. mansoni 

in fection  (se ctio n  3.1.0) is  re la ted  to  redu ced  chromium 

con cen tra tion , serum concentration  o f  chromium was determined in 

S. mansoni in fe cted  and con tro l mice.

As seen  in table 6, the serum con cen tra tion s  o f zinc and 

chromium were not s ign ificantly  a ffe c te d  b y  S. mansoni 

in fection .T hat serum zinc concentration  was n o t  a ffe cted  by 

S.mansoni in fe ction  was also  re fle c te d  in the s p e c i f ic  a ct iv it ie s  

o f  hepatic alchohol dehydrogenase and red b lood  c e ll  ca ta lase ,
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Table 6. E ffe c ts  nf S mmnml in fe ction  In n ic e  ™

concentration  o f  the tra ce  elementa zincs Jind nhrnmi™

(mg/11

ANIMALS ELEMENT

CHROMIUM ZINC
Mean ± S.D. Mean ± S.D.

CONTROL 1.5 ± 1.13 7.00 ± 2.22

INFECTED 1.04 ± 1.11 6.50 ±112

_____________________ Vi___________________

Values are mean ± standard deviation  fo r  12 animals in  each group. 

Significance o f  the d iffe ren ces  in the means were te s te d  by the 

unpaired student's t - t e s t .
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T a b le  7 . E f f e c t s  o f  S . m a n s a n i in f e c t i o n in  m ice  o n  th e  s p e c i f  

a c t i v i t i e s __of__the__zinc__me tallQ enzymes:_depai^

ANIMALS ENZYMES

Alchohol dehydrogenase 
(nmol/min/mg protein) 

Mean ±  S.D.

Catalan
(k/g-Hb.)
Mean ± S.D.

CONTROLS 7.00 ±  1.00 0.11 ±  0.08

INFECTED 7.00 ±  1.00
V

0.13 ± 0.05

Values are mean± standard deviation  fo r  6 animals in  each gro\^ 
Significance o f  the d iffe ren ces  in the means were te s te d  by t>̂ e* 
unpaired stu den t's  t - t e s t .
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gluconeogenesis, while pyruvate dehydrogenase, alpha- 

ketog lu tara te  dehydrogenase and succinate dehydrogenase were 

taken to  rep resen t the Kreb's cy c le  enzymes.

Table 8 shows that the a c t iv it ie s  o f  liv e r  hexokinase and 

pyruvate kinase in S. mansoni in fected  mice were sign ificantly 

higher than in the co n tro l mice. Hexokinase a c t iv ity  was 87.5% 

higher, while pyruvate kinase a c t iv ity  was 115.7% higher in the 

in fected  mice. Phosphofructokinase a c t iv ity  in the liver was not 

s ign ificantly  d iffe re n t  in the two groups o f  animals. The 

increased a c t iv it ie s  o f  hexokinase and pyruvate kinase in liv er  o f 

S. mansoni in fected  mice were probably due to  the presence o f  the 

adult worms and eggs, as the a ssa y s  were ca rried  out on crude 

liv er  homogenates containing both  adult worms and eggs. There 

are re p o rts  o f  much higher a c t iv it ie s  o f  hexokinase, 

phosphofructokinase and pyruvate kinase in adult worms compared 

to  ra t  or  mice liv er  (Doong e t  a l, 1987; Brazier and Jaffe, 1973; 

Buending and Saz,1968 and Bergmeyer,1965). This shows that, the 

fa c t  that phosphofructokinase a c t iv ity  was not elevated  in liv e r
v

o f  S. mansoni in fected  mice shows th at host liv er

phosphofructokinase a c t iv ity  may be decreased  in th is in fection .

These re su lts  may ten ta tiv e ly  su ggest that liv e r  hexokinase and

pyruvate kinase a c t iv ity  are not a f fe c te d  by S. mansoni inf ection ,

whereas phosphofructokinase a c t iv ity , which is  the key

regu la tory  enzyme o f  the g ly co ly tic  pathway (Southerland, 1990)

may be depressed  in S. mansoni in fection .%
From table 9 it  is  apparent that the a c t iv ity  o f  hexokinase,
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which were not s ign ifican tly  a ffe c te d  by S. mansoni in fection  

either (Table 7).

These re su lts  suggest th at the mildhyperglycaemia seen  in 

S. mansoni in fection  (se ction  3.1.0) is  not due to  zinc d e fic ien cy  

leading to  poor storage  o f  insulin, or due to  deficiency  o f  the 

"glucose to lerance  fa c to r "  resu ltin g  from chromium deficiency .
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3.5 J. EFFECT OF S. MANSONI INFECTION ON SOME ENZYMES

INVOLVED IN GLUCOSE METABOLISM IN MOUSE KIDNEY 

AND LIVER

The e f f e c t s  o f  S. mansoni in fection  on g lucose metabolism in 

liver  and kidney were in vestigated . The adult worms and th e ir  

eggs are found mainly in the liv er , and both liver  and kidney are 

capable o f  g luconeogenisis (Southerland, 1990). The main end 

product o f  g ly co ly s is  in the adult worm is la cta te  (Bueding, 1950), 

and la cta te , which can fr e e ly  permeate the c e ll  membrane is  a 

p recu rsor o f  g luconeogenesis. Thevla cta te  produced by the worms 

could have led to  enhanced gluconeogenesis in th ese  two organs, 

and lead to  the mild hyperglycaem ia observed in section  3.1.0. If 

S.mansoni in fection  induces gluconeogenesis in mice i t  is  expected  

that g ly co ly s is  would be inhibited as the two pathways are 

"recip roca lly  regulated."

Key g ly co ly tic  enzymes th at were se le c te d  fo r  in vestigation

were hexokinase, phosphofructokinase and pyruvate kinase.%
Pyruvate carboxylase was chosen  to  rep resen t enzymes o f
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Table 8. n iie cp s  or manaam lnxecxion on Jena sD acirio  
a ctiv it ia a  o f  kay l iv a r  g ly co ly tic  enzvniiaa. p y ru v a te
r a r b n x v la s s  and soma K rab 's c v c le  pn7vimes (^ x P rssssd
in nmol/min/mff prote in  except f o r  pvruvate
dehydrogenase which ia  expressed in  nmolC0s>/30

ENZYME CONTROLS INFECTED'
Mean ± S.D. (n) Mean + S.D. (n)

Hexokinase 8 ± 3 (6) 15 ± 5* * (8)
Phosphofructokinas 8 + 3 (6) 10 ± 3 (6)
Pyruvute k inase 15 ± 24 (6) 330 ± 157** (6)
Pyruvate
dehydrogenase 2 ± 1 (6) 1 ± 0.5 (6)
A lph a-k etog lu tarate
dehydrogenase 5 ± 1 (4) 5 ± 1 (4)

Succinate
dehydrogenase 28 ± 12 (6) 28 ± 11 (6)

Pyruvate carboxy lase 41 ± 9 (6) 61 ± 17* * (6)

[**  0.001<P<0.05]

V a lu es  sh ow  mean ±  s ta n d a rd  d e v ia t io n  f o r  th e  num ber o f  anim als

shown in p a r e n th e s is .S ig n if ic a n c e  o f  th e  d i f f e r e n c e s  in th e  means

was t e s t e d  b y  th e  u n p a ired  s tu d e n t 's  t - t e s t .
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phosphofructokinase and pyruvate kinase in the kidneys w§re not 

s ign ificantly  d iffe ren t in the S. mansoni infected and control mice. 

These resu lts  show that the key regulatory enzymes 0f the 

g ly co ly tic  pathway are not a ffe c te d  by S. mansoni infection in the 

kidneys.

Table 8 a lso  shows that pyruvate carboxylase activ^y was 

sign ificantly  higher in liver o f  in fected  mice than in n0rmal 

co n tro l mice. The increase was 48.8%. Other workers, (Tiefens ©t 

ai, 1990) have found that pyruvate carboxylase activ ity  î  adult 

S. mansoni is much less  than that in ra t liver. This su gg est that 

the observed elevation  in liver pyruvate carboxylase cou^have 

been due to  increased a ctiv ity  o f the host enzyme. This may 

suggest that gluconeogenesis, probably f  romlactate gener^edby 

the adult worms, may be enhanced in this infection and m̂ y have 

contributed to  the mild hyperglycaemia observed in mice with th is 

in fection . Pyruvate carboxylase a c t iv ity  was not significantly 

a ffe c te d  by the in fection  in the kidneys (Table 9). These regults 

suggest that there was no e f fe c t  on gluconeogenesis in the kidney 

o f  S. mansoni in fected  mice.

The sp ec ific  a c t iv it ie s  o f  the Kreb's cycle  ei\2ymes;

pyruvate dehydrogenase, alpha-ketoglutarate dehydrogen^ge and

succinate dehydrogenase were not significantly altered by the

in fection  in the liver  (Table 8). The resu lts  must be interpreted

with care due to  presence o f the adult worms and eggs in the liver.

The eggs have an active  Kreb's cy cle  (Sterjernholm and ty^ren,%
1974; Coles, Asch, 1975) but the activ ities  o f  the different



T able 9. E f f e c t s  of S. mansoni in fe c t io n  in mice on  the s p e c i f i c

.pyruvate

n a r b n a v la B B  a n d  gom e K r e b 's  c y c l e  e n z y m e s  (E x p r e s s e d  

in nmnl /m in /m g  M n « n t  fn n  nvwivai-.fi H plw firnPpnanp  

w h ic h  i s  e x p r e s a a d  ln ,n m n IC 0 g / 3Q m in/m g p r o t e in !

ENZYME CONTROL INFECTED
Mean ± S.D. (n) Mean ±  S.D. (n)

Hexokinase 12 ± 3 (6) 1 1 + 1 (8)

Phosphofructokinase 21 ± 9 (6) 1 9 + 2 (6)

Pyruvate kinase 219 ± 72 (6) 215 +_ 11 (6)

Pyruvate dehydrogenase 3 ± 1 (6) 3 ±  1 (6)

A lpha-ketoglutarate
dehydrogenase 5 ± 1 (4) 5 + 1 (4)

Succinate dehydrogenase 43 ±16 (6) 52 + 15 (6)

Pyruvate carboxylase 54 ± 7 (6) 49 ±  7 (6)

V alu es  a re  mean ±  s ta n d a rd  d e v ia t io n  f o r  th e  num ber o f  anim als

shown in p a r e n th e s is .  S ig n ifica n ce  o f  th e  d i f f e r e n c e s  in  the means

t e s t e d  by  th e  u n p a ired  s tu d e n t 's  t - t e s t .
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enzymes have not been determined. In the the adult S. mansoni, the 

key enzymes o f  the Kreb's cy c le  are present only in small amounts 

(Smith and Brown, 1977). Given the presence in small camounts o f  the 

Kreb's cy cle  enzymes in both adult worms and eggs o f  5. mansoni it  

can be proposed with caution , that the presence o f  the worms and 

eggs in the homogenates did not a lter  the a c t iv it ie s  o f  the 

assayed Kreb's cy cle  enzymes in the liver. T h ere fo re  the finding 

that these enzymes were not signigicantly a f fe c t e d  by S. mansoni 

in fection  is tru e fo r  the h ost enzymes. This would imply that S. 

mansoni in fection  had no e f f e c t  on the s p e c i f i c  activ ity  o f 

pyruvate dehydrogenase, a lpha-ketoglu tarate  dehy*drogenase and 

succinate dehydrogenase in the liver. Table 9 sinowa that the 

sp ec ific  a c t iv it ie s  o f  pyruvate dehydrogenase, alpha- 

ketoglu tarate  dehydrogenase and succinate dehydrogenase in the 

kidneys were not s ign ifican tly  d iffe ren t in the infected and 

con tro l mice. These r e su lts  show that these Kreb's cycle  enzymes 

are not a ffe c te d  by S. mansoni in fection  in the kidneys.

3.5.2. EFFECT OF S. MANSONI INFECTION ON SOME MOUSE

ENZYMES INVOLVED IN GLUCOSE METABOIjISM IN HEART 

AND SKELETAL MUSCLE.

It was hypothesized th at S. mansoni in fe c t io n  may cause 

increased g ly co ly tic  and Kreb's cycle  flux in the hue art because 

the in fection  is  a ssoc ia ted  with p orta l h yp ertern sion  (Warren and 

Dewitt, 1958; Dewitt and Warren, 1959; Warren, 196G), which could

resu lt  to  increased heart muscle con traction s. Heart muscle
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requires a r e la t iv e ly  high amount o f  energy in the form o f ATP's 

which are generated  mainly through the e le ctron  tra n sp ort chain, 

with anaerobic g ly co ly s is  playing a minimal ro le  (Southeland,1990). 

Skeletal muscles a lso  require a large amount o f  ATP, but unlike 

heart muscle, can obtain a substantial amount o f  ATP through 

anaerobic g ly co ly s is . (Southeland, 1990).

The a c t iv it ie s  o f  the g ly co ly tic  enzymes; hexokinase, 

phosphofructokinase and pyruvate kinase, and th o se  o f pyruvate 

carboxylase, and the Kreb's cycle  enzymes; pyruvate 

dehydrogenase, a lpha-ketoglutaratedehydrogenase andsuccinate 

dehydrogenase were investigated  in heart and sk e le ta l muscle o f 

in fected  and co n tro l mice.

Table 10 shows that S. mansoni in fection  re su lte d  to  a 37.5% 

elevation  o f  hexokinase a ct iv ity  in heart muscle above the 

con tro ls . However, the a c t iv it ie s  o f  phophofructokinase and 

pyruvate kinase were not sign ificantly  a ffe c te d  by  the in fection  

in the heart. It was suggested that the in crease  in glucose 6 - 

phosphate through the increase in hexokinase a c t iv ity  could be
V

catabolized  adequately through the g ly co ly tic  pathway without 

increased a c t iv it ie s  o f  other g ly co ly tic  enzymes.

The mean s p e c i f i c  a c t i v i t i e s  o f  h e x o k in a s e , 

phosphofructokinase and pyruvate kinase were n ot sign ificantly  

d iffe ren t in sk e le ta l muscle o f  in fected  and c o n tro l mice (Table 11), 

showing that g ly co ly s is  was not a ffe c te d  by the in fection  in th is 

organ. %
The s p e c ific  a c t iv it ie s  o f  pyruvate carboxylase were not



T able 10. E f f e c t s  o f __S. nkinaoni inf e c t i o n  on  th e  s p e c i f i c

a c t iv it ie s  o f  key mouse h ea rt glycolwftic  aravmbr. 

pyruvate carboxylase and some Kreb'n eavcla HraygH 

(Expressed in nmnl/min/mg prote in  exnept. fo r  pyruvate 

dehydrogenase which was expressed  in  nmolCQg/30 

min/mg protein ).

ENZYME CONTROL 
Mean ± S.D (n) Mean

INFECTED 
± S.D.(n)

Hexokinase 16 ± 3 (6) 22 ± 1*“‘(8)

Phosphofructokinase 22 ± 5 (6) 17 ± 3 (6)

Pyruvate kinase 169 COCM+1 (6) 199 ±81 (6)

Pyruvate dehydrogenase 2 ± 1 (6) 3 ± 3 (6)

A lpha-ketoglutarate
dehydrogenase 7 ± 1 (4) 7 ± 3 (4)

Succinate dehydrogenase 20 ± 12 (6) 22 ±13 (6)

Pyruvate carboxylase 30 ±v 7 (6) 37 ±12 (6)

V alues a re  mean ±  s ta n d a rd  d e v ia t io n  f o r  th e  num ber o f  anim als

shown in p a r e n t h e s is .  S ig n ifica n ce  o f  th e  d i f f e r e n c e  s in th e  means

was t e s t e d  b y  th e  u n p a ired  s tu d e n t 's  t - t e s t .

[** 0.001<P<0.05].
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T a b le  11. E f f e c t s  o f  S . m a n n n n i i n f e c t i o n  on  th e  s p e c i f i c  

a c t i v i t i e s  o f  k e y  mo u s e  s k e l e t a l  musc l e  g ly c o l y t i c  

pn7™ » "  nimi iv a t e  c a r b o x y la s e  and som e  K reb 's  c y c l e  

enaym oa (E x p r e s s e d  in  npiol/m in/m fi p r o t e i n  e x c e p t  f o r  

p y r u v a t e __d e h y d r o g e n a s e __ w h ich__ is __ e x p r e s s e d  in

ENZYME CONTROL IN FECTED
Mean ±  S.D. (n) Mean ± S.D. (n)

Hexokinase 8

Phosphofructokinase 27

Pyruvate kinase 590

Pyruvate dehydrogenase 5

A lpha-ketoglutarate 
dehydrogenase 2

Succinate dehydrogenase 3

Pyruvate carboxylase 95

±  3 (6) 10 ± 4 (8)

±  16 (6) 32 oH-H (6)

±  174 (6) 5177 ±224 (6)

±  2 (6) 5 ± 2 (6)

±  0.4 (6) 2 ± 0.4 (6)

±  3 V (6) 2 ± 3 (6)

±  36 (6) 121 ± 22 (6)

V a lu es  a r e  mean ±  s ta n d a rd  d e v ia t io n  f o r  th e  num ber o f  anim als

shown in p a r e n th e s is . S ig n ifica n ce  o f  th e  d i f f e r e n c e s  in th e

means was t e s t e d  by  th e  u n p a ired  s tu d e n t 's  t - t e s t .
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sign ificantly  a f fe c te d  in h eart and skeleta l muscle of in fected  

mice (Table 10 and 11). Since both h eart and sk eleta l muscle do not 

carry  out gluconeogenesis, the observed  a c t iv ity  o f pyruvate 

carboxylase could be responsib le  fo r  the formation o f 

oxa loaceta te . The oxa loaceta te  may be used in variou s functions 

including transamination and form ation o f malate in the 

mitochondria.

Table 10 and 11 also  show that the sp ec ific  a c t iv it ie s  o f  the 

Kreb's cycle  enzymes; pyruvate dehydrogenase, alpha- 

ketog lu tara te  dehydroganse and succinate dehydrogenase were 

not sign ificantly  a ffe c te d  by S. mansoni in fection  in heart and 

skeleta l muscle. These re su lts  suggest that the observed 

hyperglycaemia was probably not due to  decreased catabolism o f 

glucose in the heart and sk eleta l muscle.

3.5.3. EFFECTS OF S. MANSONI INFECTION ON SOME ENZYMES 

INVOLVED IN GLUCOSE METABOLISM IN MOUSE LUNGS

The p orta l hypertension a sso c ia te d  with S. mansoni in fection

(Warren and Dewitt, 1958; Dewitt and Warren, 1959; Warren 1966) may

have led to  hyperventilation  and hence grea ter  workload on the

lungs. The e f f e c t s  o f  the in fection  on g lucose metabolism in the

lungs were th e re fo re  in vestigated . The g ly co ly tic  enzymes;

Hexokinase phosphofructokinase and pyruvate kinase; the Kreb's

cy cle  enzymes pyruvate dehyrogenase, a lpha-ketoglutarate
%

dehydrogenase and succinate dehydrogenase, and pyruvate



T a b le  12. E f f e c t  o f  G. manaani in fe c t io n  in mice on  t h e  s p e c i f i c
a c t i v i t i e s  o f  k e y  lu n g  g ly c o l y t i c  e n zy m e s , p y r u v a t e  

c a r b o x y la s e  and som e K re b 's  c y c l e  e n zy m e s  (E x p re s s e d

in  nm ol/m in/m g  p r o t e in ___ excep t___ fo r ___p yru vate

d e h y d r o g e n a s e  w h ich  i s  e x p r e s s e d __in  n n o lC Q g /3 0

ENZYME CONTROL INFECTED
Mean ± S.D. (n) Mean ± S.D. (n)

Hexokinase 15 ± 6 (6) 20 ±  5 (8)

Phophofructokinase 10 ±  4 (6) 10 ± 2 (6)

Pyruvate kinase 235 ±  69 (6) 187 ±  61 (6)

Pyruvate dehydrogenase 3 ±  1 (6) 3 ±  1 (6)

A lpha-ketoglutarate
dehydrogenase 2 ±  0.3 (4) 2 ±  0.2 (4)

Succinate dehydrogenase N.D.V N.D.

Pyruvate carboxylase 22 ±  8 (6) 27 ±  5 (6)

N.D. = Not detected .

Each v a lu e  is  mean ±  s ta n d a rd  d e v ia t io n  f o r  th e  num ber o f  anim als

g iv e n  in p a r e n th e s is .  S ig n ifica n ce  o f  th e  d i f f e r e n c e s  in  the means

was t e s t e d  by  th e  u n p a ired  s tu d e n t 's  t - t e s t .
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carboxylase were se lected  as rep resen ta tive  and th eir  sp e c ific  

a c t iv it ie s  compared in crude lung homogenates o f  S. mansoni 

in fected  and con tro l mice.

Table 12 shows that the sp e c ific  a c t iv it ie s  o f  hexokinase 

phosphofructokinase and pyruvate kinase in the in fected  animals 

were not sign ificantly  d iffe re n t from those o f  con tro l animals. 

These r e su lts  suggests that g ly co ly s is  is  not a ffe c te d  in the 

lungs by S. mansoni in fection . It appears, th e re fo re , that the 

p orta l hypertension assoc ia ted  with S. mansoni inf e*ction does not 

a f fe c t  g ly co ly s is  in the lungs, and the mild hypergl ycaemia noted 

in th is in fection  is  not due to  e f f e c t s  o f  the in fection  on 

g ly co ly s is  in the lungs.

From table  12 it  is  apparent that the a c t iv it  y o f pyruvate 

carboxylase was not sign ificantly  d iffe ren t from  that o f  the 

con tro l mice in the lungs. Since the lungs do n o t  carry  out 

g luconeogenesis, pyruvate carboxylase a c t iv ity  m  the lungs is 

responsib le  fo r  formation o f oxa loaceta te  which can  be channeled 

to  the Kreb's cycle  or undergo transamination to  form  aspartate. 

These r e su lts , th ere fore , show that these fu n ction s  o f pyruvate 

carboxylase are not a ffe c te d  by S. mansoni in fectio-n in the lungs.

The sp e c ific  a c t iv it ie s  o f  the Kreb's c }/c le  enzymes;

pyruvate dehydrogenase, a lpha-ketoglu tarate dehydrogenase, and

succinate  dehydrogenase were not s ign ificantly  a ffe c te d  by the

in fection  in the lungs (Table 12). These re su lts  show that the mild

hyperglycaemia described in se ction  3.1.0 is  not re la ted  to  an%
e f f e c t  on the a c t iv it ie s  o f  these enzymes in the lungs of in fected
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mice.

3.5.4 EFFECTS OF S. MANSONI INFECTION ON SOME ENZYMES

1NVOVLED IN GLUCOSE METABOLISM IN MOUSE BRAIN

In trying to  explain the mild hyperglycaemia observed  in S. 

mansoni in fection  as described  in section  3.1.0; the system ic 

e f f e c t  o f  S. mansoni in fection  on se lected  g lu cose  metabolism 

enzymes in the brain was investigated . The brain was chosen fo r  

investigation  because o f  it s  ch a ra cte r is t ic  dependence on 

g lucose u tiliza tion  fo r  energy. G lycolysis in the brain is  

n ecessa rily  coupled to  the e lectron  transport chain (Southerland, 

1990). To determine whether there is d ecrea se  in g lu cose 

u t i l iz a t io n , the  s p e c i f i c  a c t iv i t i e s  o f  hexok inase, 

phosphofructokinase, pyruvate kinase, pyruvate carboxylase, 

pyruvate dehydrogenase, a lpha-ketoglytarate  dehydrogenase and 

succinate dehydrogenase were compared in S. mansoni in fected and 

con tro l mice.

Table 13 shows that the sp e c ific  a c t iv it ie s  o f  hexokinase, 

phosphofructokinase and pyruvate kinase were not sign ificantly  

a ffe c te d  by S. mansoni in fection . The re su lts  suggest that S. 

mansoni in fection  does not re su lt  to  decreased g ly co ly tic  flux in 

the brain.

The sp e c ific  a c t iv it ie s  o f  pyruvate dehydrogenase, alpha-

ketog lu tarate  dehydrogenase and succinate dehydrogenase were

not s ign ificantly  a ffe c te d  by S. mansoni in fection  in the brain
%

(Table 13). This shows that S. mansoni in fection  d oes  not a f fe c t
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the Kreb's cycle  at the leve l o f  th ese  enzymes in thie brain.

From table 13 it  is  apparent that the s p e c if ic  a ctiv ity  o f 

pyruvate carboxylase is  not s ign ificantly  a ltered  iby S. mansoni 

in fection  in the brain. The observed  a c tiv ity  o f  pyru vate ' 

carboxylase could be responsib le fo r  the form ation o f 

oxa loaceta te , which could be used fo r  transam ination to  

asp artate  or form ation o f  malate in the mitochondria.

These re su lts  show that the mild hyperglycaeimia observed  

in section  3.1.0. is  not re la ted  to  e f f e c t s  o f  S. mansoni in fection  

on brain g ly co ly s is  or  the Kreb's cycle  enzymes pyruvate 

dehydrogenase, a lpha-ketoglu tarate  dehydrogenase or succinate 

dehydrogenase. They a lso  suggest that the mild hyperglycaemia 

is  not re la ted  to  e f f e c t s  o f  the in fection  on  pyruvate 

carboxylase.

3.5.5. EFFECTS OF S. MANSONI INFECTION ON SOME

ENZYMES INVOLVED IN GLUCOSE METABOLISM IN 

MOUSE SPLEEN AND TESTES.

The spleen and t e s t e s  o f  S. mansoni in fe c te d  mice were

in vestigated  fo r  d ecrease  in g lu cose u tilization . The spleen is

part o f  the reticu len d oth elia l system and i s  a ct iv e ly

b iosynthetic. It a cts  as a r e se rv o ir  o f  venous b lood . Spleenic

t is su e  m etabolizes g lucose mainly via  the g ly co ly t ic  pathway,

Kreb's cycle  and e le ctron  tra n sp ort chain (Southerlarud, 1990). Red

blood ce lls , on the oth er hand, have no mitochondrial and obtain%
energy through anaerobic g ly co ly s is  (Southerland, 1990). The
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Table 13. E ffe c ts  o f  S. manaani in fection  on k ey  mouse brain 

g ly co ly tic  enzymes, pyruvate carboxvLase and some 

Kreb's cy c le  enzymes (Expressed innmol/n tin/ag p rote in  

except fo r  pvruvate dehydrogenase whicli is  expressed

ENZYME CONTROL INFECTED
Mean ±  S.D. (n) Me an ± S.D. (n)

Hexokinase 23 + 2 (6) 26 ± 7 (8)

Ph o spho f  rue t  okina s e 8 ± 4 (6) 9 ± 3 (6)

Pyruvate kinase 255 + 73 (6) 190 ± 48 (6)

Pyruvate dehydrogenase 3 + 1 (6) 3 ± 1 (6)

A lpha-ketoglutarate
dehydrogenase 2 ±  0.3 (4) 2 ± 1 (4)

Succinate dehydrogenase 20 + v9 (6) 18 ± 7 (6)

Pyruvate carboxylase 18 + 4 (6) 24 ± 8 (6)

Each va lu e  is  mean ±  s ta n d a rd  d e v ia t io n  f o r  th e  num ber o f  anim als

g iv en  in p a r e n th e s is .  S ig n ifica n ce  o f  th e  d i f f e r e n c e s  in the means

w as t e s t e d  by  th e  u n p a ired  s tu d e n t 's  t - t e s t .



72

t e s t e s  a re  a ls o  a c t iv e  in b io s y n th e s is  e s p e c ia lly  

sperm atogenesis (Martin e t  a ly 1985).

The e f f e c t s  o f  S. mansoni in fection  on s e le c te d  spleen and 

t e s t is  g lu cose  metabolism enzymes was th e re fo re  in vestigated  in 

an e f f o r t  to  explain the mild hyperglycaemia n oted  during S. 

mansoni in fection  (Section  3.1.0). The enzymes, hexokinase 

phophofructokinase, pyruvate kinase, pyruvate dehydrogenase, 

pyruvate carboxy lase , a lpha-ketoglu tarate dehydirogenase and 

succinate dehydrogenase were se le cte d  and th>eir sp e c ific  

a c t iv it ie s  determined in S. mansoni in fected  and com trol mice.

Table 14 and 15 show that the sp e c ific  a c t iv it ie s  o f  the 

g ly co ly tic  enzymes; hexokinase, phophofructokinase and pyruvate 

kinase were not a ltered  by S. mansoni in fection  Ln te s t is  and 

spleen. Table 14 and 15 a lso  show that the sp e c ific  .activ ities  o f  

the Kreb's cy cle  enzymes pyruvate dehydrogenase, alpha- 

ketog lu tarate  dehydrogenase and succinate dehydrogenase were 

not s ign ifican tly  a ffe c te d  by S. mansoni in fection  in  spleen and 

te s t is . The abscence o f  d etectab le  amounts o f  succinatev

dehydrogenase in the spleen may be due to  the presen ce  o f  large

amounts o f  red b lood  ce lls  which have no m itochondria. This could

have diluted the succinate  dehydrogenase present Ln the spleen.

It was th e re fo re  concluded that S. mansoni in fection  lhas no e f f e c t

on spleenic and te s t ic u la r  g ly co ly s is  and Kreb's cy o le , and that

the mild hyperglycaem ia observed in th is in fection  iis not due to

decreased g ly co ly s is  or  Kreb's cy cle  flux in these tw o organs.%
S. mansoni in fection  had no sign ificant e f f e c t  -on spleen or
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T a b le  14. E f f e c t __n f  S . m a n a n n i i n f e c t i o n  o n  t h e  s p e c i f i c

a c t i v i t i e s  o f  k e y  m ou se  s p l e e n g l y c o l y t i c  en zym es, 

p y r u v a t e  c a r b o x y la s e  and som e K r e b 's  c y c l e  en zym es 

(E x p r e s s e d  in  nm ol/m ln/ing p r o t e i n  e x c e p t  f o r  p y r u v a t e  

d e h y d r o g e n a s e  whic h  i s  in  nmQlCQ g/30 min/mg p r o t e in ) .

ENZYME CONTROL 
Mean ±  S.D. (n)

INFECTED 
Mean ± S.D. (n)

Hexokinase CD 1+
i

4 (6) 19 ±  4 (8)

Pho spho f  ruet okina s e 11 ± 5 (6) 10 ± 5 (6)

Pyruvate kinase 192 ± 52 (6) 166 ± 66 (6)

Pyruvate dehydrogenase 2 ± 1 (6) 2 ±  1 (6)

A lpha-ketoglutarate
dehydrogenase 1 ±  d.4 (4) 1 ±  0.3 (4)

Succinate dehydrogenase N.D. N.D.

Pyruvate carboxylase 45 ± 28 (6) 55 ±  12 (6)

N.D. = Not d etected .

V alu es  a re  mean ±  s ta n d a rd  d e v ia t io n  f o r  th e  num ber o f  animals

shown in p a r e n th e s is .  S ig n ifica n ce  o f  th e  d i f f e r e n c e s  in the means

was t e s t e d  by  th e  u n p a ired  s tu d e n t 's  t - t e s t .
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Table 15. E ffe c ts  o f  S. mansani in fection  on the s p e c if ic  a ct iv it ie s  

o f  key mouse t e s t e s  g ly co ly tic  enzymes, pyruvate carboxylase and 

some Kreb's cy c le  enzymes. (Expressed in nmol/min/me protein

except i o r  pyruvate aenyarogenase wmcn is  in nmoiou2/ou  mm/mg

ENZYMES CONTROL INFECTED
Mean ± S.D. (n) Mean ± S.D. (n)

Hexokinase 24 ± 8 (6) 28 ± 5 (8)

Phosphofructokinase 11 ± 6 (6) 10 + 3 (6)

Pyruvate kinase 162 ± 52 (6) 178 ±  54 (6)

Pyruvate dehydrogenase 3 ± 1 (6) 3 ± 1 (6)

A lpha-ketoglutarate
dehydrogenase 2 ± 1 (4) 2 ±  1 (4)

Succinate dehydrogenase 1 ± 1 (6) 1 ±  4 (6)

Pyruvate carboxylase 27 ± 4 (6) 24 ±  9 (6)

Values show mean ± standard deviation  fo r  the number of animals 

shown in parenthesis. Significance o f  the d iffe r e n c e s  in the means 

was te s te d  by the unpaired student's t - t e s t .
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te s t icu la r  pyruvate carboxylase a c t iv ity  (Tables 14 and 15). This 

shows that form ation o f  malate and oxa loaceta te  from  pyruvate in 

the mitochondria is  not a ffe c te d  by S. mansoni in fection  in the 

t e s t is  and spleen. The mild hyperglycaemia a sso c ia te d  with th is 

in fection  is , th e re fo re , not due to  an e f f e c t  o f  the in fection  on 

th is enzyme.

3.6.0 INFLUENCE OF S. MANSONI INFECTION IN MICE ON THE

END PRODUCT OF GLYCOLYSIS AND THE ACTIVITY OF

LACTATE DEHYDROGENASE IN VARIOUS TISSUES.

In order to  t e s t  if  the mild hyperglycaemia described in

section  3.1.0. is  re la ted  to  an influence o f  S. mansoni in fection  on

the end products o f  g ly co ly s is , the serum concentrations o f

pyruvate and la cta te  were compared in S. mansoni in fected  and

con tro l mice. The sp e c ific  a c t iv ity  o f  la cta te  dehydrogenase in

the brain, heart, lungs, liver, spleen, kidney , t e s t is  and skeleta l

muscles were a lso  compared in the in fected  and co n tro l mice.

Table 16 shows that the s p e c ific  a c t iv ity  of la cta te

dehydrogenase in the lungs o f  in fected  mice was sign ificantly

decreasd. There was a 32.2% decrease  in mean s p e c if ic  a ctiv ity  o f

la cta te  dehydrogenase in the S. mansoni in fected  mice. This

decrease in la cta te  dehydrogenase a c t iv ity  in the lungs o f

in fected  mice was probably due to  d ecreased  blood flow to  the

lungs due to  p orta l hypertension (Warren and Dewitt, 1958; Dewitt

and Warren, 1959; Warren, 1966). Since the assay s were performed%
on crude lung homogenates, containing the blood pooled in the
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T able  16. E ffe c t . n f  K mananni in f g c t in n  in minn nn  t h s  H P an lfln

a ct iv ity  o f  la cta te  dehydrogenase in v a r ious tissues 

(nmol/min/mg protein).

TISSUE CONTROL INFECTED
Mean + S.D. Mean + S.D.

Brain 179 + 67 220 + 93

Heart 198 + 59 252 ± 65

Lungs 225 + 63 173 + 33**

Liver 360 + 196 336 + 123

Spleen 284 + 103 265 + 71

Kidneys 253 + 80 306 + 126

T estes 195 + 54 239 + 117

Skeletal muscle 1045 + 461 879 + 234

Values are mean± standard deviation  fo r  6 animals in each group. 

Significance o f  the d iffe ren ces  in the means was te s te d  by the 

unpaired student's t - t e s t  [**0.001<P<0.05].



T able  17 _ Kfffint.R n f  .<?_ manFtnni inffiot.inn in minp» nn RerUin

ANIMALS METABOLITES (mmol/1)

PYRUVATE LACTATE
Mean ± S.D. Mean ± S.D.

CONTROLS 0.20 ± 0.12 5.08 ± 1.66

INFECTED 0.15 ± 0.08 4.26 ± 1.00

Values show mean ± standard deviation  fo r  6 animals in each group. 

Significance o f  the d iffe re n ce s  in the means was te s te d  by the

student's t - t e s t .
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lungs, with excess  red blood c e lls  which are known to re ly  on 

anaerobic g ly co ly s is  (Southerland, 1990), it  is  possible that 

reduced blood flow to  the lungs o f  in fected  m ice, resu lted  in 

smaller con tribution  o f  la cta te  dehydrogenase a c t iv ity  from red 

blood ce lls  in the in fected  mice. Lactate dehydrogenase a c t iv ity  

was not s ign ifican tly  a ffe c te d  by S. mansoni in fe c tio n  in the other 

t is s u e s  assayed. (Table 16).

Table 17 shows that serum lev e ls  o f  pyru vate and la cta te  

were not sign ifican tly  a ffe c te d  by S. mansoni in fection . The 

observation  that the serum concentrations o f  lactate  and 

pyruvate were not s ign ifican tly  a ffe c te d  by the in fection , 

suggests  that the reduced la cta te  dehydrogenase a ctiv ity  in 

lungs o f in fected  mice does not a f fe c t  overa ll h ost end products 

o f  g ly co lys is . Indeed, there was a tendency f o r  mean serum 

pyruvate lev e ls  to  be lower in the in fected  mice compared to  the 

con tro ls  (0.15 mmol/1 and 0.20 mmol/1 re sp e ct iv e ly , table 17), 

although the d iffe ren ce  was not s ta t is t ic a l ly  sign ificant.

From these re su lts  it  wa^ concluded th a t  the mild 

hyperglycaemia noted in mice with S. mansoni in fection  is  not 

re la ted  to  an influence o f  the in fection  on h ost end products o f  

g ly co lys is .
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C H A P T E R  F O U R  

DISCUSSION

The re su lts  in the present study show th a t  S. mansoni 

in fection  in mice caused a mild hyperglycaemia (ta b le  3). Saleh e t  

al (1976) found a 54% e leva tion  in fasting  blood g lu cose  in S. 

mansoni in fected  mice. Erfan and Camb (1933) dem onstrated 

g lycosuria  in S. mansoni p a tien ts, which disappeared a fte r  

treatm ent.

The e leva ted  serum glucose concentration  may arise from 

improper se cre t io n  o f  insulin by the pancreas due to  p arasitic  

in fection  o f  the pancreas. Saleh e t  a2 (1967) dem onstrated a low 

incidence (4.2%) o f  pancreatic S. mansoni in fe c t io n  in human 

patien ts, which mainly a ffe c te d  the periductal tissuees and rarely  

the parenchyma. In th is study it  was observed th a t  S. mansoni 

in fection  did not cause any sign ificant change in lev 'els o f  serum 

pancreatic lipase, (Table 4) suggesting l i t t le  or  n o  pancreatic 

damage by the p a ra s ites  occurred . Impaired produ ction  o f insulin 

by the pancreas th ere fo re  did not lead to  the olhserved mild 

hyperglycaemia in th is in fection .

The finding, (table 6), that zinc lev e ls  i:n serum as

dertem inedby X-ray flu orescen ce  sp ectroscop y , and the a c t iv ity

o f  hepatic alchohol dehydrogenase and red blood c<ell ca ta la se

were u n affected  by S.mansoni su ggests  the in fection  does not lead

to  zinc deficiency . This con tra d icts  resu lts  by Mikhail efcai (1982)

and Prasad e t  al (1963) who demonsrated d ecrea sed  serum zinc%

lev e ls  in patien ts in fected  with S. mansoni. The re su lts  a lso
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con tra d ict th ose  o f  Soliman e t  al (1975) who found in creased  serum 

zinc lev e ls  in S.mansoni in fected  patients.

Zinc le v e l analysis by the above authors was perfomed using 

the Atomic absorption  spectrophotom eter which has a b e tte r  range 

o f  se n s it iv ity  than the X-ray flu oresce  sp ectroscop y .

It was suggested  from the decrease in the le v e l o f  serum 

glucose 30 minutes a fte r  administration o f  an exogenous dose o f 

insulin,(Table 5), that the insulin re cep tors  were no't impaired by 

S.mansoni in fection . From these resu lts  it  was specu lated  that the 

'g lucose to le ra n ce  fa c to r ', a chromium-nicotinic acid, complex that 

enhances insulin action  in v itro , (Bender,1982), is  n o t  a ffe c te d  in 

th is in fection . This is  fu rther supported by the finding that serum 

concentra tion  o f  chromium was not sign ificantly  d iffe re n t  in the 

in fected  and co n tro l mice (Table 6).

The finding o f  g rea ter  response to  exogenous insulin also  

ra ise s  the p o s s ib ility  that there may be se cre t io n  o f  b iologica lly  

inactive insulin during S. mansoni in fection , such that insulin 

sen sitive  organs, respond by synthesizing more insulin  recep tors , 

so that when a dose o f  b io log ica lly  a ctive  insulin is  applied, more 

g lucose en ters  the c e lls  from the serum. This p o sss ib ility  is  

supported by Ghanem e t  al (1973) who dem onstrated 

hyperinsulinaemia in S.mansoni in fected  pa tien ts  using 

radioimmunoassay. The high amount o f  immunoreactive insulin may 

have been b io log ica lly  inactive.

The in creased  a c t iv it ie s  o f  liv er  pyruvate kinase and%
hexokinase shown in table 8, suggests  that, the mild
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hyperglycaemia in mice with S.mansoni in fection  could have 

resu lted  from reduced flux through the g ly co ly tic  pathway as a 

resu lt  o f  inhibition o f  some key regu latoy  enzymes o f  th is 

pathway. Since liv er  t issu e  used fo r  the enzyme a ssa y s  contained 

the p a ra sites  and eggs, and the adult S. mansoni have been shown 

to  contain between 10-50 times higher lev e ls  o f  hexokinase, 

phosphofructokinase and pyruvate kinase (Bergmeyer, 1965; 

Bueding and Saz,1968; Brazier and J a ffe , 1973 and Doong efcai, 1987) 

than mammalian liver , it  is  proposed that the higher a c t iv ity  o f 

hexokinase and pyruvate kinase observed in liv er  o f  S. mansoni 

in fected  mice was due to  the presence o f  the adult worms. It is  

a lso  possib le  that h ost phosphofructokinase a c t iv ity  is 

depressed in the in fected  mice, since the high a c t iv ity  o f  th is 

enzyme in the adult worm could have led to  an in crease in 

phosphofructokinase a c t iv ity  as well. Such a depression  o f 

phosphofructokinase a c t iv ity , which is the key regu la tory  enzyme 

o f  the g ly co ly tic  pathway, (Southerland, 1990), would lead to  

decreased m etabolic flux through the g ly co ly tic  pathway.

The e leva tion  in hexokinase a c t iv ity  in the heart o f  

in fected  mice is  d iff icu lt  to  explain, but it  appears unlikely to  

have contributed  to  the mild hyperglycaemia sin ce  the other 

regu latory  enzymes o f  the g ly co ly tic  pathway in th is organ were 

not s ign ificantly  a ffe c te d  by the in fection . It would appear that 

the increased g lu cose-6 -p h osph ate  generated by the higher 

a c t iv ity  o f  hexokinase is  adequately catabolizedl by other 

g ly co ly tic  enzymes in th is organ.
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The a c t iv it ie s  o f  pyruvate dehydrogenase, alpha-  

ketoglu tarate  dehydrogenase and succinate dehydrogenase were 

not sign ificantly  a ffe c te d  by the in fection  in the brain, heart, 

lungs, liver, spleen, t e s t is ,  kidneys and skeleta l muscle. It was 

th ere fo re  concluded that it  is  unlikely that metabolic flux 

through the Kreb's cy cle  is  a ffe c te d  by S. mansoni in fection  to  

lead to  the mild hyperglycaemia observed (Tables 8-15).

The finding that the serum concentrations o f  pyruvate and 

la cta te  were not sign ificantly  a ffe c te d  by S. mansoni in fection  

(Table 17) is con trary  to  what was observed  by Rhaheen e t al (1989), 

who reported  decreased  blood la cta te  and in creased  pyruvate 

concentrations. They also  con trad ict those o f  El-Hawary e t  al 

(1973) who observed an e levation  in blood pyruvate concentration  

in S. mansoni patients.

The decrease  in la cta te  dehydrogenase a c t iv ity  in the lungs 

(Table 16) was probably due to  the p orta l hypertension  associa ted  

with this in fection  (Warren and Dewitt, 1958; Dewitt and Warren, 

1959; Warren, 1966). It is  specu lated  that porta l hypertension
v

could cause hyperventillation , which may have favoured aerobic 

g ly co ly s is  in the lungs generating more pyruvate and le s s  la cta te .

The sp e c ific  a c t iv ity  o f  pyruvate carboxylase was found to

be sign ificantly  e levated  in liv er  o f  S. mansoni in fected  mice

(Table 8). Despite the fa c t  that the assays were performed on

crude liver  homogenates containing a lso  the adult worms and eggs,

it  is likely that the observed e leva tion  in pyruvate carboxylase%
a ctiv ity  was due to  h ost enzyme a c t iv ity , since it  has been shown
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that the s p e c ific  a ctiv ity  o f  pyruvate carboxy lase  is about 10 

times more in ra t  liver as compared to  adu lt S. mansoni 

homogenates (Tielens e t al, 1990).

Our re su lts , however, show that pyru vate carboxylase 

a c t iv ity  was only e levated  in liver, which is  the most important 

gluconeogenic organ (Southerland, 1990). It is  th ere fo re  most 

likely that the products o f pyruvate carboxylase a re  channelled 

to  gluconeogenesis in the liver. This is  supported by our ea r lie r  

finding that phosphof ructokinase a c t iv ity  is  dep ressed  in liver  o f  

S. mansoni in fected  mice. Depression o f  the la t t e r  enzyme could 

lead to  d ep ression  o f  g ly co ly s is  and eleva tion  o f  gluconeogenesis 

as the two pathways are "recip roca lly  regu lated". The above 

specu lation  is  supported by the finding that some key Kreb's cy cle  

enzymes are not a ffe c te d  by the in fection . This is fu rth er 

supported by Shaheen e t  al (1989), who found th a t  the sp ec ific  

a c t iv ity  o f  the la s t  gluconeogenic enzyme, g lucose 6-phosphatase 

was higher in liv er  o f  S. mansoni in fected  mice than in con tro l 

animals.
v

G luconeogenesis in liver  o f  S. mansoni in fe c te d  mice could be 

enhanced by the high la cta te  concentration  found in liver o f  mice 

with th is in fe ction  (Saleh e t  a l, 1976; Ezz e t  al, 1971). Lactate is 

a su b stra te  fo r  gluconeogenesis (Southerland, 1990). It is 

specu lated  that gluconeogenesis could also  be enhanced in S. 

mansoni in fe ction  by the high blood ammonia le v e l during th is 

in fection  (De Witt and Warren, 1959; Daugherty, e t  a l , 1954; Warren 

and Reboucas, 1964 and Senft, 1967). High blood ammonia could



stim ulate se cre tio n  o f glucagon from the alpha -c e lls  o f  the 

pancreas, which promotes g luconeogenesis from amino acids (James 

e t  ai, 1979). Thus it  appears gluconeogenesis may toe enhanced in 

mice in fected  with S. mansoni and that it  may have contributed  to  

the mild hyperglycaemia observed in th is  in fection . However, this 

a sse r tio n  has to  be confirmed by in vestigating  th e  a ctiv it ie s  o f  

pho spho eno lpy ruvat ecarboxykina s e , f  rue to  s e -  6-biphophat as eand 

g lu cose-6 -p h osp h a ta se  which are the key re g u la to ry  enzymes o f  

the gluconeogenic pathway (Southerland, 1990).

J
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The presen t resu lts  show that S. mansoni in fection  in mice 

fo r  7 -8  weeks causes a mild e leva tion  in serum gluoose. This was 

probably caused by decreased  entry o f  g lu cose bnto the c e lls , 

probably due to  production o f  b io log ica lly  in active  insulin and/or 

inhibition o f  g ly co ly s is  and stim ulation o f  g luconeogenesis. The 

re su lts  show no influence on re sp ira to ry  beh av ior  of the h ost 

during the in fection , which could have led to  an elev.ation in serum 

g lu cose as well.

S u g g e s t io n s  f o r  f u r t h e r  w ork .

a) Assessem ent o f the e f f e c t  o f  S.mansoni in f ection on the 

oth er key enzymes o f  gluconeogenesis, i.e. Phosphoenolpyruvate 

carboxykinase, fru ctose -1 ,6 -b ip h osp h atase  and g lu co se -e - 

phosphatase in liver. %
b) Assessem ent o f  the e f f e c t s  o f  S. mansoni in fection  on
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enzymes o f  the pentose phosphate pathway since the increased 

le v e ls  o f  g lu cose-6 -p hosphate  arising from in creased  hexokinase 

a c t iv ity  may resu lt  in enhanced a c t iv ity  o f th is pathway.

c) Assessem ent o f  the b io log ica l sta tu s  o f  insulin in the 

in fe cted  animals and seek fo r  a p oss ib le  mechanism leading to  its  

in activa tion  if  any.

%
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