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S u m m a r y 

The c f f cc t s o f diarrhoea o n the activit ies o f brush-border 
disaccharidases namely lactase (EC 3.2 .1 .23) , maltase (EC 
3 .2 .1 .20) and sucrase (EC 3 . 2 . 1 . 4 8 ) o f Sprague-Dawley 
strain albino rats were induced in the rats with mannitol 
wh i l e secretory diarrhoea w a s induced with Salmonel la 
typhimurium after an initial treatment with streptomycin. 
The act ivit ies o f the e n z y m e s were s ignif icant ly reduced 
by diarrhoea. T h e extent o f reduction in e n z y m e activity 
varied in the different s egment o f the small intestine in all 
the groups. T h e jejuno- i lea l region had more changes in 
e n z y m e act ivit ies than in the duodenum. Higher activity 
levels w e r e observed for maltase than for lactase. In the 

osmotic diarrhoea model , lactase activity w a s significantly 
lowered (P< 0 . 0 5 ) in the experimental group from day 5 to 

10. Maltase act ivity on the other hand w a s s igni f icant ly 
lowered (P< 0 .001) at the peak o f diarrhoea. Sucrase activity 
w a s a l s o l o w e r e d s i g n i f i c a n t l y ( P < 0 . 0 2 5 ) in the 
experimental animals within the first 10 days o f diarrhocal 
induction. In the secretory diarrhoea model , lactase activity 
w a s s imilar in all the exper imenta l groups except for the 
s treptomycin-sa lmoncl la- trcatcd groups and control (P< 
0 .05) . Higher lactase act iv i ty l eve l s were observed in the 
secretory diarrhoea model compared to level in the osmotic 
diarrhoea model . Maltase activity levels were also lowered 
s i g n i f i c a n t l y ( P < 0 . 0 5 ) in the e x p e r i m e n t a l animals . 
Streptomycin had no e f f e c t on the act ivity o f maltase. 

R e s u m e 
Les e f f ec t s de la diarrhee sur les act iv i tes des e n z y m e s 
h y d r o l a s e s d a n s 1 ' intest in g r c l e ( l ac tase , m a l t a s e et 
sucrase) etaient c tud ies c h e z les rats. L ' o s m o s e ctait in-
duite chez c e s rats par Ic mannitol a lorsquc la secretion 
dc la diarrhee ctait induitc par Ic sa lmone l la typhirumum 
apres ('initiation du traitement a la s treptomycine . Les 
activites de c e s e n z y m e s etaient s ign i f i cat ivcmcnt reduitc 
par la diarrhee. L'ampleur d e la reduction d'act iv i tcs va-
riait dans different s e g m e n t d e 1'intestin grelc c h e z tous 
les groupes de rats. La region je juno- i l ea lc avait plus de 
changements en act iv i tes e n z y m a t i q u e s q u e le d u o d e -
num. Dc plus grande activites etaient observces au maltase 
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qu'au lactase. Dans le m o d e l e dc la diarrhee osmot iques , 
l'activitc du lactase etait significativcmcnt fa ib le (P<0 .005) 
dans le groupe e x p e r i m e n t a l du 5 , c n , c au 10 K'nM:jour. L'ac-
tivitc du maltase ctait s igni f icat ivcmcnt faiblc ( P < 0 . 0 1 ) au 
peak dc la diarrhee. L'act iv i tc du sucrase ctait aussi 
significativcmcnt faib!c( P < 0 . 0 2 5 ) a u x groupescxperimen-
taux dans Ic 10hane jour dc diarrhee induitc. Dans Ic mode le 
dc la diarrhee sccrctoirc, l 'activitc du lactase ctait s imi-
lairc aux groupes expcrimcntaux a I'cxccption dc ccux trai-
tcsau strcptomycinc- salmonella, ct leurcontrolc(P<0.05) . 
Des taux d'act iv i tes dc lactase plus e l e v e s etaient obser-
v e s dans c c m o d e l e compare au m o d e l e osmot ique . Les 
taux d activitcs du maltase etaient aussi faible ( P < 0 . 0 5 ) 
aux groupes expcrimcntaux et la s trcptomycinc n'avait 
pas d ' in f lucncc sur l 'activitc du maltase. 

K e y w o r d s : Salmonella typhimurium, osmotic diarrhoea, 

hydrolases. 

Introduction 
Diarrhoea is increasingly being rccognized as a nutritional 
d isease and this has pointed to the importance o f the 
nutritional needs o f the sick child and is spurring new 
research efforts into the dietary management o f diarrhoea 
[1]. Diarrhoea is still responsible for over 30 percent o f all 
deaths in children less than 5 years o f age [2]. There is 
more d o c u m e n t e d e v i d e n c e o f the adverse e f f e c t o f 
diarrhoea d i s e a s e on g r o w t h [3] . M o r e s p e c i f i c a l l y , 
carbohydrate intolerance has been reported to be c o m m o n 
immediately fo l lowing an ep i sode o f diarrhoea [4,5]. T h e 
duration o f d i sacchar idase d c f i c i c n c y in infants wi th 
severe small intestinal mucosa l injury fo l l owing various 
disarrhoeal s y n d r o m e s h a v e a l so been reported to be 
variable [6,7]. The rcduccd capacity o f the small intestine 
to a b s o r b m o n o s a c c h a r i d e s i s a n o t h e r c a u s e o f 
carbohydrate intolerance in diarrhoea d i seases but only 
a minority o f infants with disaccharidase intolerance have 
monosaccharide malabsorption [8,9]. 

S e c o n d a r y carbohydrate in to l erance is a l s o not 
a l w a y s a s s o c i a t e d w i th p r o v e n m u c o s a l d a m a g e as 
assessed by light microscopy . A f e w children were found 
to have disaccharidase de f i c i ency despite a histologically 
normal small intestinal m u c o s a [10] . It has been argued 
that s incc carbohydrate intolerance occurs during the 
acute s tages o f diarrhoea, and diarrhoea itself has adverse 
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effect on mucosal integrity, dietary carbohydrate may have 
a deleterious effect by aggravating diarrhoeal symptoms 
and prolonging mucosal injury. This then contributes to a 
v i c i o u s c y c l e o f m u c o s a l injury and carbohydrate 
malabsorption. The aim o f this investigation is therefore 
to study the effects o f two distinct models o f diarrhoea 
on brush-border disaccharidascs using the animal model. 

Materials and methods 
Adult albino rats (male and female) of Sprague-Dawley 
strain were obtained from the animal house o f the College 
of Medicine, University of Lagos. The animals were mated 
in the m e t a b o l i c laboratory o f the Department o f 

Biochemistry- o f the Col lege . Animals were handled 
according to the National Research Council Guide [ I I ] . 
Young rats were suckled for 18-20 days, weaned and fed 
on rat chow (Pfizer product) and water until they were 30 
days old. All animals were housed in steel cages that had 
elevated wire mesh floors to prevent coprophagia. Twelve 
hours o f light and darkness were provided alternatively 

in the room to minimize stress [ 12]. The temperature in the 
room was maintained at 25±1° C. Analytical grade reagents 
were purchased from Sigma Chemical Co., St. Louis, MO. 
Tom Cat Catheter was obtained from Monojcct, St. Louis, 
MO. Centrifuge used was from LKB, Cambridge, England 
(Model 4050) . The spectrophotometer used was Pye 
Unicam SP-450. Salmonella lyphimurium was obtained 
from the Department o f Medical Microbio logy and 
Parasitology, College o f Medicine o f the University of 
Lagos. 

Diarrhoea induction 
Osmotic diarrhoea was induced in the experimental rats 
according to the method of Pergolizzi et al [ 13]. 28 rats 
weighing about 180g. each were divided into two groups 
of 14 rats, one serving as the control group. The weight 
difference between the two groups was ±2.0g. Force-
feeding each rat in the experimental group with a 1300 
milliosmolar (20%) solution o f mannitol daily between 
9.00am and 10.00am induced diarrhoea. 

Secretory diarrhoea was induced using Salmonella 
lyphimurium. The method o f Bornhoffand Miller [14] was 
adopted. This method employed streptomycin to suppress 
the intestinal microflora o f the rats to make the infecting 
agent more invasive. 

40 rats were divided into four groups o f 10 rats each. 
The average weight o f rats used in each group was 
187±2.0g. A saline suspension containing approximately 
10v S. lyphimurium per cm* was made from an overnight 
culture on bismuth sulphite agar. From this suspension 
was prepared a scries of 10 fold dilutions and the bacterial 

populations o f spore formers were determined by counting 
the c o l o n i e s us ing a c o l o n y counter (Gal lenkamp, 
England). The dilution used contained 10 l S. lyphimurium 
per cm1 . Innocular were introduced into the stomach as 

described previously [ 15]. 
Group 1 w a s treated with salmonella, group 2 was 

treated with s treptomycin , group 3 w a s treated with 
streptomycin and salmonel la whi le group 4 served as the 

control. 

Preparation of intestinal homogenates 
The method o f Pergol izz i ct al [ 1 3 ] w a s employed. 
Abdominal cavity w a s opened by a midline incision and 

the intestine was cut at the pyloric spinchter and the 
i leocecal junct ion. A 10cm segment representing the 
jejunum was taken from 3 0 - 4 0 c m segment distal lo the 
pylorus and another 10cm segment representing the ileum 
was taken from 3 0 - 4 0 c m distal to the ileocecal valve. No 
tension was applied to the intestinal segment at the time 
of measurement. The entire content o f the small intestinal 

digest was col lected in a test tube and frozen at - 2 0 ° C 
immediately until analyzed for products o f digestion. 

The intestinal segments were cut open longitudinally 
and the mucosa was scrapped o f f with a microscope cover 
slip [13,16], and mechanically homogenized for 2 minutes 
in a tissue grinder with Teflon pestle (Fisher Scientific, 
Pittsburg, PA) after adding four parts o f distilled water. 
The homogenate was centrifugcd at 3 0 0 0 r.p.m. for 10 
minutes in order to r e m o v e layer o f cel l debris and 
thereafter frozen at -20"C. 

Determination of disaccharidascs activities 
The disaccharidascs. which include lactase (EC 3.2.1.23), 
maltasc (EC 3.2 .1 .20) and sucrasc (EC 3.2.1.48) , were 
a s s a y e d as o u t l i n e d by D a h l q v i s t [ 1 6 ] . M u c o s a 
homogenate was diluted 10 fold with 0 .89 /100cm l . NaCl 
solution and 100cm* aliquot w a s placed in a conical test 
tube and incubated at 37°C in a water bath for 5 minutes. 
100cm1 of substrates containing 0 .056M of the appropriate 
disaccharide dissolve in 0 .1M sodium maleate buffer; p! I 
6.0 was added and mixed. The mixture was incubated for 
exactly 60 minutes. The g lucose liberated was quantified 
u s i n g the g l u c o s e o x i d a s e m e t h o d o f Raabo and 
Terkildscn [17]. All samples assayed were analysed for 
protein content according to Lowry ct al [ 18] as modified 
by Ohnishi and Borr [19] using bovine scrum albumin as 
standard. 

Resul t s 
The effect o f osmotic diarrhoea on the activities o f the 
disaccharidascs lactase, maltasc and sucrasc are shown 
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in figures 1-3 respectively. The activities o f the e n z y m e s 
were significantly reduced by diarrhoea. The extent o f 

reduction in e n z y m e activit ies varied in the different 
segments o f the small intestine in all the groups. There 
arc more changes in the activity levels o f e n z y m e s in the 
jejuno-ileal region than in the duodenum. Higher activity 

levels were observed for maltase than for lactase. 
In the osmotic diarrhoea model , lactase activity was 

significantly lowered ( P < 0 . 0 I ) in the experimental group 
from day 5 to 10. The maltase activity on the other hand 
was significantly lowered (P<0.001) at the peak of diarrhoea 
(Fig.2). It was observed that sucrase activity w a s lowered 

significantly (P<0.025_ in the experimental animals within 

the first 10 days o f diarrhoea induction. The reduction in 
sucrase activity was more pronounced in the ileum than 
in the duodenum (Pig.3). Sucrase activity o f the control 
and experimental groups at the peak o f diarrhoea were 
similar. 

Figures 4-6 show the effect o f sccrctory diarrhoea on 
disaccharidase activity in the rats. Lactase activity w a s 
s imi lar in all the e x p e r i m e n t a l g r o u p s e x c e p t for 
s t rep tomyc in - sa lmonc l la - t rea ted g r o u p and control 

(P<0.05) . Higher lactase activity levels were observed in 
the secretory diarrhoea mode l compared to levels in 

osmot ic diarrhoea model . The jejunum contain higher 
lactase activity than the duodenum and ileum. 
D i s c u s s i o n 

The reduction in the act iv i t ies o f the disaccharidases 
studied is consistent with other reports in the literature 
[ 7 , 8 , 2 1 ] . T h i s o b s e r v a t i o n is not u n e x p e c t e d s ince 
biochemical studies have s h o w n that the brush border 
carbohydrascs are attached to the outside surface of the 
intestinal brush-border membranes and can be removed 
by mere treating with a detergent like 1% Triton X-100 

[22]. Also, disaccharidases are primarily found in the apical 
brush-border membrane o f mature epithelial cel ls but are 

nearly absent in the crypt ce l l s [23] thus it would be 
expected that even mild or transient diarrhoea would lead 
to transient carbohydrate maldigest ion as a result of 
reduced carbohydrascs activities. 

It w a s observed in this study that osmotic diarrhoea 
resulted in a greater reduction in disaccharidases activities 
than sccrctory diarrhoea. It is pertinent to note that while 
e n z y m e levels have been reported to be decreased, normal 
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or increased in situations of malnutrition [24-26] workers 
have consistently reported reduced activities in mucosal 
disaccharidascs as a result of diarrhoea. There is however 
the contention that the presence o f inflammatory cells in 
the mucosa of diarrhoeal infected subjects may have 
erroneously decreased the observation of dissacharidases 
activities by increasing the amount of measured protein 
[27]. Thus this factor has to be taken into consideration 
whenever little or no reduction in disaccharidase activity 
is reported. Studies before now have been on either of 
the two forms o f diarrhoea, which have different 
aetiologies. This report represents a comparative study 
of the effects of both osmotic and secretory diarrhoea. 
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