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1. Introduction 

Increased intake of sucrose leads to an increase of 
intestinal sucrase activity in rats [ 1,2] and human sub- 
jects [3]. Rats fed purified diets with high amounts 
(71 Cal%) of starch or sucrose (diets containing only 
a-glucoside linkages) exhibited significantly higher 
activity of intestinal sucrase as well as lactase com- 
pared to those rats fed isocaloric diets with a low 
(6 cal%) carbohydrate content [4-71. 

Since the work in [8] it has been recognized that 
the enterocytes mature both morphologically and bio- 
chemically while migrating from the crypts to the vil- 
lus. Activity of sucrase and lactase is absent in the 
crypt cells and exhibits an increase in enterocytes as 
they migrate towards the top of the villus [9 ,101. This 
led to a logical question: at which level of the villus 
(i.e., at which period of their life span) are the enter- 
ocytes capable of responding to a dietary change with 
an alteration of disaccharidase activity. This question 
was explored [ 13 ,121: in adult rats where the sucrase 
activity was lowered by starvation, refeeding with 
sucrose led to an increase of sucrase activity only in 
the cells of the crypt, and the activity increased as the 
enterocytes moved towards the villus top. 

Similar questions regarding the lactase activity have 
not been studied yet most probably because: 
(i) In the adult rat, starvation for 2-3 days leads to 

a decrease of sucrase activity, but not to a de- 
crease in the lactase activity [ 11 ,131 (unpub- 
lished); 

(ii) The carbohydrate effect on lactase, until recently, 
was questionable [6,14]. 

Since the dependency of lactase activity on dietary 
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carbohydrate content in adult rats was demonstrated 
[4-71, we decided to explore the locus of the effect 
of dietary change on intestinal lactase activity. In our 
experiments, the activity of sucrase and lactase was 
lowered not by starvation with sucrase [ 11,121, but 
by feeding the rats a low carbohydrate diet. Here we 
show that bothlactase and sucrase activity were rapidly 
increased within 18-24 h in rats fed the high sucrose 
diet in all regions of the villus. 

2. Materials and methods 

Female Sprague-Dawley rats, bred in our own ani- 
mal colony were weaned at 30 days of age, and fed 
until 88 days of age a standard laboratory chow (Lab- 
Blox,Allied Mills, Chicago). After 88 days of age they 
were fed a synthetic, low starch diet (5 cal% starch, 
73 Cal% fat, 2 1 cal% protein) for 14 days. The animals 
were then either continued on the same diet or started 
on an isocaloric ‘high’ sucrose diet (70 cal% sucrose, 
7% fat, 21% protein; for detailed composition of the 
diets see [7]) at 3 pm. or 9 am. for 18 h or 24 h, 
respectively. All rats were fed ad libitum and had 
unrestricted access to water. Food consumption was 
measured by weighing the food every morning. Fresh 
diet was given every second day. Rats were sacrificed 
bydecapitationat 9-lOa.m.,in afedstage.The entire 
small intestine was removed, duodenum discarded, 
and the jejunoileum was divided into 3 equal parts 
along its length. It was then flushed with cold saline 
solution and frozen at -20°C before the assays of 
disaccharidases and protein were performed. 

To assay the activity of disaccharidases at different 
levels of the villus, a 5 X 5 mm segment of jejunum 
was sectioned within a cryostat at -18°C as in [9,10]. 
Horizontal sections were cut 10 pm thick. At various 

89 



Volume 129, number 1 FEBS LETTERS June 1981 

When cell migration was studied, the technique in 
[ 111 was used. At the same time as the initiation of 
sucrose feeding, animals received 100 pCi [rnet/~~Z-~H]- 
thymidine intraperitoneally. From an -10 X 10 mm 
segment of jejunum (see above), 10 slices of 10 pm 
thickness/tube were prepared using cryostat sectioning. 
These were solubilized in Protosol (New England 
Nuclear, Boston MA) to which a standard toluene- 
PPO-POPOP mixture (Liquifluor, New England 
Nuclear) was added. Samples were counted in a 
Beckman liquid scintillation spectrometer (LS-230). 
With this technique similar data as that in [ 1 I] were 
obtained (see section 3). 

All chemicals used were of reagent grade. Means 
of different groups were compared by a one-way anal- 
ysis of variance [ 181. The level of significance chosen 
wasp CO.02. 

depths into the villus-crypt unit, a section was 
mounted on a microscope slide for immediate inspec- 
tion of histology under a phase-contrast microscope. 
The tissue blocks were sectioned through the submu- 
cosa into the muscular layer. Every 10 consecutive 
sections were combined and homogenized in 0.5 cm3 
distilled water by vortex shaking. Assays of lactase 
and sucrase activities were performed on each homog- 
enate as in [ 151. The lactase assay mixture contained 
p-chloromercuriobenzoate (PCMB), supplied by the 
Aldrich Chemical Co. (Milwaukee WI), to inhibit any 
residual lysosomal acid /3-galactosidase activity [ 161. 
All enzyme determinations were made under condi- 
tion of linear activity with time and concentration of 
the enzyme. Protein was determined according to [ 171. 
Enzyme activity was expressed as pmol liberated glu- 
cose . mg tissue-’ protein (spec. act.) . h-r. 

Table 1 
Effects of feeding a high sucrose diet for 18 or 24 h 

Low fat high 
sucrose (24 h) 

___- 
Pa 5 

n.s. 248 + 11 

ll.S. 17.0 + 1.6 

n.s. 1.06 + 0.04 

n.s. 65 ?3 

n.s. 174 t: 12 
n.s. 188 f 11 
ns. 145 f 10 

0.001 1.07 + 0.08 
0.01 1.22 f 0.06 
0.01 0.31 + 0.05 

0.001 2.58 f 0.31 
0.001 1.38 f 0.23 
0.001 0.65 f 0.07 

0.001 18.7 k 1.0 
0.001 15.9 f 0.4 
0.05 9.3 + 0.8 

High fat low 
starch (18 h) 

Low fat high 
sucrose (18 h) 

High fat low 
starch (24 h) 

Numbers of animals 5 Pa 

265 f 12 n.s. 

4 5 

255 f 9 276 f 13 Body weight (g) 
Food intake (c&/l00 g 

body wt/18 or 24 h) 
Height of total 

intestinal wall (mm)b 
Leading edge of the 

radioactivity (% of 
total intestinal wall) 

Intestinal protein (mg/segment) 
proximal 
middle 

i 
segment 

distal 
Lactase (pm01 . mg protein-‘. h-l) 

proximal 
middle 

i 
segment 

distal 
Sucrase &mol . mg protein-‘. h-l) 

proximal 
middle I 

I 
segment 

distal 
Maltase (pm01 . mg protein-‘. h“) 

proximal 
middle 

i 
segment 

distal 

23.5 * 2.5 18.8 + 2.0 19.2 f 1.2 n.s. 

0.89 f 0.06 0.95 * 0.05 1.09 f 0.05 n.s. 

54 +l 53 *4 69 k 2 n.s. 

227 f 19 
210 k 8 
128 + 6 

186 f 13 
207 f 13 
152 f 11 

202 f 15 
199 f 10 
120 f 3 

n.s. 
n.s. 
n.s. 

0.85 + 0.04 
1.00 f 0.03 
0.34 f 0.02 

0.44 i 0.05 
0.68 r 0.06 
0.19 f 0.04 

0.25 ?: 0.04 
0.52 f 0.06 
0.22 i 0.03 

0.001 
0.001 
0.005 

2.29 ? 0.16 0.66 + 0.13 
1.41 f 0.08 0.37 t 0.07 
0.74 f 0.05 0.28 * 0.07 

0.69 f 0.11 0.001 
0.40 * 0.13 0.001 
0.35 * 0.05 0.005 

6.9 + 0.4 0.001 15.0 f 0.6 9.3 2 1.2 
9.0 f 0.8 0.005 14.0 + 0.7 9.5 f 0.4 
7.9 f 0.3 0.01 9.9 t 0.5 6.3 k 0.8 

- 
a p-Value (experimental us control); n.s., not significant 
b Determined by multiplying 10 pm (height of the individual slice) X number of slices 

The time elapsed between the ‘18 h’ and ‘24 h’ experiments was 3 months; Values are given as means f SEM 
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3. Results and discussion 

Experiments were performed on two different 
groups. In the first group, the changes of disaccharidase 
activity was examined 18 h after the introduction of 
the high sucrose diet. In the second group which con- 
sisted of animals also fed this diet (for 24 h), corre- 
sponding controls (rats consuming low starch diet) 
were sacrificed at the same time as experimental ani- 
mals . 

Food intake, body weight, protein content, height 
of the villus-crypt columns were practically the same 
in all groups of rats. Rate of cell migration did not 
differ between the experimental and corresponding 
control group. The 24 h migration rate values were 
significantly higher than the 18 h values (p < 0 .O 1) 
(table 1). 

Feeding the rats the high fat low starch (5 cal%) 
purified diet for 14 days led to a decrease of activity 
of lactase and sucrase in the intestinal homogenate. 
This was in good agreement with the results in [4-71. 
Changing the diet from the low starch (5 Cal%) diet to 
the high sucrose (70%) diet led to a significant increase 
of lactase and sucrase activity in all three intestinal 
segments within 18 h and 24 h. 

The effect of the diets on the distribution of lac- 
tase and sucrase activity along the height of the villus- 
crypt columns is shown in fig.1. As in [ lo,1 91, the 
activities of disaccharidases in serial homogenates were 
related to an ‘idealized villus-crypt unit’. This maneu- 
vre allowed data from a number of animals to be easily 
compared. 

In agreement with the determination of disacchari- 
dases in whole jejunal homogenate, their activity in 
serial sections was higher in rats fed the high sucrose 
diet that in rats fed the low starch diet. There were 
significant increases in all regions of the villus-crypt 
columns. Furthermore, there was also a significant 
increase in sucrase activity not only in the lower vil- 
lus but also in the villus tip. Lactase activity also 
increased equally in all regions. 

Comparison of the distribution pattern of disac- 
charidases activities along the height of the villus- 
crypt column with the determination of the rate of 
cell migration revealed that both lactase and sucrase 
activities increased not only in the immature enter- 
ocytes but also in enterocytes that have already left 
the crypt at the time of the initiation of the dietary 
change. This is demonstrated in the case of lactase using 
the following example. Cohorts of enterocytes in con- 

1.4 

d f 12 

i 06 1.0 

3 06 

5 04 

02 

Fig.1. Effects of high sucrose diet feeding for 18 h or 24 h on 
jejunal lactase and sucrase specific activities along the villus- 
crypt columms. Abscissa depicts total height of the intestinal 
waJl, with 100% representing the top part of the villus and 0% 
the bottom of serosal side. Viius and crypt portions are 
depicted with rectangles; the overlapping area is the crypt- 
villus transition (mix) zone. Mean and SEM are given; N of 
individual animals are as in table 1. The dotted line represents 
controlgroups fed high fat low starch diet ((0) 18 h;(a) 24 h) 
and solid line represents experimental groups fed low fat high 
sucrose diet ((0) 18 h; (A) 24 h). Full symbol depicts signifi- 
cantly different values from corresponding control of the same 
location; **significant difference (p < 0.02) between the values 
of the group fed sucrose for 18 and 24 h, *same at p < 0.05 
level. The arrows indicate the leading edge of thymidine 
labeled cells as in section 2. 

trol animals at the 40% level, (i.e., already on the 
lower portion of the villus), exhibited lactase activity 
of 0.09 f 0.02 mol. mgprotein-’ . h-l. These migrated 
within the following 18 h up to 80% position; their 
activity was 0.30 ? 0.06. On the other hand, in rats 
fed the high sucrose diet, the activity at a correspond- 
ing villus height was 0.92 + 0.09. This difference 
(depicted in fig.1) is significant (p < 0.01). Similar 
phenomenon existed in the case of sucrase activity also. 

Further studies are needed to explore the mecha- 
nisms involved in the dietary adaptation of sucrase 
and lactase activity. Our data allow us to conclude 
that in adult rats, activity of the disaccharidases can 
be modified in mature enterocytes as well as in the 
immature enterocytes. Until this study, it was believed 
that only immature (crypt) enterocytes are competent 
to react to initiation of sucrose feeding with an 
increase of activity of sucrase. At present we can 
only speculate reasons for the discrepancy between 
data obtained in animals fed high fat low starch diet, 
and rats that have first been starved and the refed. 
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