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In  infants, intolerance to lactose and occa- 
sionally other disaccharides has been ob- 
served frequently in association with, or 
immediately after, episodes of acute diarrhea 
( 1). Isolation of pathogens during this event 
has been disappointing; nevertheless, i t  has 
been inferred that bacterial and/or viral gas- 
troenteritis may contribute in some manner 
to disaccharide intolerance (1, 2). In  studies 
concerned with experimental salmonellosis in 
mice, gut disaccharidases, particularly lac- 
tase, were affected during infection. This 
finding is the subject of this report. 

- Materials and Methods, Six-week-old Car- 
worth Farms CF1 female mice, were used 
since it was possible to establish the infection 
orally with a relatively small inoculum in 
these, but not in the other strains tested. 
Mice initially weighing approximately 18 g 
were housed individually a t  70 t 1' and fed 
a 20% protein diet, described by Schaedler 
and Dubos ( 3 ) .  It was dispensed in pow- 
dered form in feeding tubes (4), which en- 
abled an estimate of the daily food consump- 
tion during the course of these studies. Mice 
were fed this diet for 3-week intervals then 
given an LDSo dose of Salmonella typhimuri- 
zcm (TmW), (lo5 organisms/0.5 ml of 
saline) via a polyethylene gavage. Organisms 
were grown in Trypticase soy broth at 37' 
for 24 hr, and suspended in saline to the 
LD50 dose. Bacterial counts were performed 
routinely on all challenge doses. Isolation and 
identification of S. typhimurium (TmW) 
from infected animals was carried out using 
selenite-F enrichment media, S S, brilliant 
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green, eosin methylene blue, and Kligler's 
iron agars, and specific typing sera. 

Results. Typical disease distrilbution pat- 
tern obtained in 60 mice, 28 days following 
oral challenge, with S. typhimurium (TmW) 
was as follows: of the 50% which survived 
approximately 29% were still infected a t  the 
time the study was terminated. In  these, sal- 
monellae were recovered from liver, spleen, 
and cecal content. An additional 8% were 
carriers, from which salmonellae were recov- 
ered from the cecal content only. Noninfect- 
ed survivors-devoid of salmonellae in either 
organ or stool culture-comprised the re- 
maining 13%. In these studies mice which 
succumbed to infection generally did so with- 
in the first week to 10 days. Thus, the re- 
maining time period presumably reff ected 
healing, and correlated morphologically with 
repair of the GI tract. 

Disaccharidase activities were determined 
prior to and during the course of salmonella 
infection on three separate occasions. At  in- 
tervals varying from 1 to 28 days after infec- 
tion, mice were selected at  random and killed 
by cervical dislocation. A midline abdominal 
incision was made and the small bowel was 
flushed in situ with ice-cold saline. The entire 
small bowel stripped of its mesentery during 
the process of removal, was opened longitud- 
inally along the line of mesenteric attach- 
ment. After washing thoroughly in ice-cold 
saline, the gut was blotted, weighed, and 
homogenized in 7 vol of ice-cold saline. 
Disaccharidase activities were measured ac- 
cording to Dahlqvist ( 5 )  and protein deter- 
minations according to Lowry and associates 
( 6 )  * 

Table I lists the gut weight and gut pro- 
tein in control and infected animals following 
challenge with the LD50 dose of S. 
typ&vtu&rn (TmW) . An insignificant de- 
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TABIIE 1 .  ( ; t i t  Woiglit :ind Gat Protein iii Mice After 0r;il C1i;illengc with [ID, I)OHC of 
5’. typlhiirniirium (TmW). 

Days: 1 7 10 14 21 28 

No, of 
micc/groiip :‘I I4 1 2  lo, 11 10 13 

Mean & SEM. 

crease in gut weight (p>0.04)2 and in gut 
total protein (p>0.05)2 was observed be- 
tween 7 to 10 days post-challenge. Sucrase 
and maltase activities, both total and spe- 
cific, paralleled these alterations in gut 
weight and gut protein; no significant differ- 
ences were noted between control and infect- 
ed mice. Lactase activity (Fig. l ) ,  however, 
was significantly decreased by 7 days; and 
by 10 days both total and specific lactase 
activities were reduced to 42 and 50%, re- 
spectively, of noninfected control values 
(p<O.Ol) .2 Repair of the gastrointestinal 
tract, as assessed enzymatically, occurred by 
the 14th day; and by 28 days, specific and 
total activities were similar to control values, 

Discussion. These studies demonstrated a 
decrease in intestinal lactase activity during 
experimental salmonellosis in the mouse. 
Since sucrase and maltase activities remained 
unchanged during the course of infection, i t  
is unlikely that decreased lactase activity 
merely reflected reduced dietary intake dur- 
ing the acute stage of illness. For similar 
reasons, the findings could not be due to an 
increased rate of epithelial cell turnover ( 7 )  
with cellular extrusion occurring prior to cel- 
lular maturation, or to a decrease in the total 
number of gut mucosal epithelial cells. 
An effect of the organisms or products 
thereof was more likely-ei ther directly on 
gut metabolism (8) or indirectly, as the vas- 
culature of the gut was compromised (9) dur- 
ing infection. Thus, impaired protein synthesis 
in general or an increased rate of protein deg- 

2 Paired t test. 
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FIG. 1. Gut lactase activity in mice fed 20% pro- 
tein diet and challenged with LD, s. typhimurium 
(TmW). 

radation, may occur briefly during passage of 
the organism through the mucosal epithelial 
cell or multiplication of the organism in the 
gut lamina propria. This is compatible with 
the observation of a decrease in gut protein 7 
to 10 days following challenge. While this 
finding per se was not significant, i t  was not 
surprising. The marked inflammatory re- 
sponse within the gut lamina propria seen 
histologically in the present study and previ- 
ously by  Takeuchi and Sprinz ( 9 ) ,  in the 
guinea pig challenged with salmonellae, 
would tend to obscure any decrease in protein 
endogenous to the mucosal epithelium. 

Generalized effects on protein synthesis 
would be reflected by a decreased level of 
disaccharidases a t  this time. During the pro- 
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cess of gut repair, sucrase and maltase activi- 
ties would return to preinfection levels rapid- 
ly, since both respond to nonspecific carbohy- 
drate induction in less than 24 hr in rats (10, 
11) and humans (12) .  Lactase, however, is 
not as readily induced. In  the rat, at  least, a 
minimum of 7 days is required (13) to in- 
crease the activity over preinduction levels. 
Thus, the decreased lactase activity observed 
during enteric infection may not represent a 
specific effect on lactase activity per se, but 
may reflect a slower response in lactase syn- 
thesis during the repair process. Whether re- 
peated insults of this nature would contribute 
to permanently decreased lactase activity 
warrants additional consideration. 

Summary. Six-week-old CFl female mice 
were challenged per os with an LDSo dose of 
S. typhimurium (TmW) . Following infection, 
small bowel disaccharidase activities were 
determined in surviving animals at  varying 
time intervals over a 28-day period. Maltase 
and sucrase activities were not significantly 
altered. However, gut lactase activity, spe- 
cific and total, was reduced approximately 
SO%, 7 to 10 days postinfection and returned 

to normal levels 2 1  to 28 days postinfection. ._ 
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