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Abstract

Iron-deficiency anemia is the nutritional deficiency most frequently
occurring throughout the world, which manifests as a complex sys-
temic disease involving all cells, affecting enzyme activities and
modifying protein synthesis. In view of these considerations, the
objective of the present study was to determine the effects of iron-
deficiency anemia on disaccharidases and on the epithelial
morphokinetics of the jejunal mucosa. Newly weaned male Wistar rats
were divided into 4 groups of 10 animals each: C6w received a
standard ration containing 36 mg elemental iron per kg ration for 6
weeks; E6w received an iron-poor ration (5-8 mg/kg ration) for 6
weeks; C10w received an iron-rich ration (36 mg/kg ration) for 10
weeks; E10w received an iron-poor ration for 6 weeks and then an
iron-rich ration (36 mg/kg) for an additional 4 weeks. Jejunal frag-
ments were used to measure disaccharidase content and to study cell
proliferation. The following results were obtained: 1) a significant
reduction (P<0.001) of animal weight, hemoglobin (Hb), serum iron
and total iron-binding capacity (TIBC) in group E6w as compared to
C6w; reversal of the alterations in Hb, serum iron and TIBC with iron
repletion (E10w = C10w); animal weights continued to be significant-
ly different in groups E10w and C10w. 2) Sucrase and maltase levels
were unchanged; total and specific lactase levels were significantly
lower in group E6w and this reduction was reversed by iron repletion
(E10w = C10w). 3) The cell proliferation parameters did not differ
between groups. On the basis of these results, we conclude that lactase
production was influenced by iron deficiency and that this fact was not
related to changes in cell population and proliferation in the intestinal
mucosa.
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Introduction

Over the last few years, iron-deficiency
anemia has come to represent the major nutri-
tional disorder of children all over the world,
especially in underdeveloped countries (1-3).
In Brazil, studies on children have shown a
22.7 to 54.9% prevalence of iron-deficiency
anemia, mainly depending on the characteris-
tics of the population studied (4,5). It has been
demonstrated that this type of deficiency af-
fects growth, mental performance, muscle ca-
pacity, thermogenesis, and immunity (6-8). As
far as the digestive tract is concerned, iron-
deficiency anemia is known to be associated
with stomatitis and glossitis (9-12), with re-
duction of gastric acid secretion (13), abnor-
mal absorption (14), and changes in intestinal
permeability (15).

Hoffbrand and Broitman (16), in 1969,
studied the activity of jejunal disacchari-
dases in dogs with iron-deficiency anemia
and demonstrated a reduction in the activity
of these enzymes as compared to control
groups. Sriratanabam and Thayer (17) and
Lanzkowsky et al. (18) obtained similar re-
sults with rats. The first study (17) also
detected disaccharidase activities similar to
control values in groups of animals with
protein malnutrition, and no altered disac-
charidase levels in a fourth group in which
protein deficiency was associated with iron-
deficiency anemia. Reduced disaccharidase
activity was also observed in anemic chil-
dren in another study (19), although the re-
sults were inconclusive.

The mechanism of reduction in disaccha-
ridase levels in this nutritional disorder has
not been elucidated since histological find-
ings usually are normal. In 1987, Ranasinghe
et al. (12), studying cell proliferation of cheek
pouch epithelium in hamsters with iron-defi-
ciency anemia, detected a significant reduc-
tion of the mitotic index (MI).

Thus, the objective of the present study
was to determine disaccharidase deficiency
in anemic rats in an attempt to identify the

mechanism of this deficiency by the study of
cell proliferation in the small bowel of these
animals.

Material and Methods

The study was conducted on 40 newly
weaned 21-day old male Wistar rats from the
Central Animal House of the Faculty of
Medicine of Ribeirão Preto, University of
São Paulo.

Iron-poor ration was prepared according
to the norms of the Association of Official
Chemists, with the nutrient percentages and
mineral and vitamin mixture composition
recommended by NAS (20), and with no
iron added. Balanced ration was prepared by
adding ferrous sulfate to the previous ration
in amounts that would supply 36 mg elemen-
tal iron per kg ration. To obtain rations with
these concentrations, 0.1787 g heptahydrate
ferrous sulfate was added to each kg of ration.

The animals belonging to the iron-defi-
cient group were divided into two subgroups
of 10 animals each that received water and
iron-poor ration (5-8 mg iron/kg ration) ad
libitum for 6 weeks, after which they were
considered to be iron deficient and anemic
(hemoglobin <7 g/dl) (21,22). The first sub-
group (E6w) was sacrificed after this period
of time. The animals were anesthetized with
ether and submitted to xipho-pubic opening
of the abdomen, and blood was collected by
heart puncture for the determination of he-
moglobin (Hb), hematocrit (Ht), serum iron,
total iron-binding capacity (TIBC) and total
proteins. The small intestine was removed
for disaccharidase measurements and a jeju-
nal fragment was obtained for the study of
cell proliferation. The second subgroup
(E10w) then started to receive the same ra-
tion as the control group for 4 weeks, when
hemoglobin levels were considered to be
normal (18), and sacrificed and examined as
the previous group.

The control group consisted of 20 ani-
mals divided into two subgroups (C6w,
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C10w) of 10 animals each receiving food
and water ad libitum. The ration contained
normal iron levels. The control subgroups
were sacrificed after 6 and 10 weeks, respec-
tively, and investigated in the same manner
as the iron-deficient subgroups.

The following hematologic determina-
tions were performed: Hb by the cyanomethe-
moglobin method (23), Ht (24), serum iron
(25) and TIBC (26) by the ferrozin method,
and total proteins by the biuret method (27).

The small intestine was used for disac-
charidase measurement by the method of
Dahlqvist (28), and for the determination of
cell population and cell proliferation.

The results of the intestinal disacchari-
dases are reported as units (U). One unit is
defined as the ability to hydrolyze 1 µmol
disaccharides per minute at 37oC. The activ-
ity detected in the entire small intestine was
considered to be total activity and the activ-
ity per gram intestinal wet weight is reported
as specific activity.

For the study of cell proliferation, arrest
of cell division was induced at metaphase:
half of the animals in each group were in-
jected intraperitoneally with 1 mg vincris-
tine sulfate (Oncovin, Ely Lilly do Brasil
Ltda.) per kg body weight and sacrificed 2.5
h later (29,30). The remaining animals did
not receive vincristine sulfate and were used
to determine basal mitotic index.

A fragment measuring approximately 1
cm was removed from the first portion of the
jejunum for counts of villus and crypt cell
populations and of number of mitoses. These
parameters were used to determine the mi-
totic index and cell production rate (31,32).
Opened jejunum segments were stretched
on a sheet of white paper, fixed in Carnoy
solution for 3 h, and stored in 70% ethanol
until the time for paraffin embedding. The
material was then cut into serial sections
perpendicular to the serosa. Only longitudi-
nally sectioned villi and crypts were selected
for the study of number of interphase cells in
one hemivillus or hemicrypt and number of

mitoses in each villus or crypt. Counting was
performed with the aid of a 40X objective
and a 10X ocular micrometer.

The MI, representing the percentage of
cells in mitosis in the crypt, was calculated
as follows: MI = number of mitoses x 100
kT/total number of cells, where kT is the
Tannock factor (33).

Cell production rate was the difference
between mitotic index, calculated by block-
ade at metaphase by vincristine sulfate, and
basal mitotic index divided by 2.5 h (dura-
tion of blockade by the cytostatic agent).
Thus, the cell production rate expresses the
accumulation of cells per hour. Data were
analyzed statistically by the nonparametric
Mann-Whitney test, with the level of signif-
icance set at 1% (34).

Results

Table 1 shows animal and intestinal
weights for the 4 groups studied, as well as

Table 1 - Effect of iron deficiency on animal weight, intestinal weight, hematocrit (Ht),
hemoglobin (Hb), serum iron (Fe), total iron-binding capacity (TIBC) and total proteins
(TP) for groups E6w (anemic), E10w (anemic and recovered), and controls (C6w and
C10w).

Data are reported as median and minimum and maximum values, within parentheses,
for 10 rats in each group. 6w and 10w = No. of experimental weeks. *P<0.01
compared to the respective control (nonparametric Mann-Whitney test).

E6w C6w E10w C10w

Animal weight (g) 223.5* 310.5 314* 399
(203-251) (286-342) (288-372) (337-431)

Intestinal weight (g) 7.09 7.03 6.40 6.38
(5.45-9.02) (5.86-9.27) (5.33-7.75) (4.43-7.48)

Hb (g/dl) 6.00* 15.10 15.00 15.70
(4.5-6.7) (14.0-17.0) (14.7-15.9) (14.3-15.9)

Ht (%) 24.0* 46.0 49.00 47.50
(21.0-28.0) (44.0-51.0) (47.0-51.0) (45.0-53.0)

Fe (µg%) 26.00* 132.5 150 158.0
(19.0-44.0) (110.0-221.0) (112.0-237.0) (113-210)

TIBC (µg%) 860.50* 556.5 496.50 523.5
(764.0-898.0) (426.0-718.0) (428.0-508.0) (418.0-620.0)

TP (g%) 5.9 6.10 6.15 6.50
(5.60-6.20) (5.90-6.70) (5.60-6.80) (5.70-6.70)
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cantly between the experimental and control
groups and these differences were not de-
monstrable after animal recovery.

Figure 2 shows the median and mean
values for villus and crypt populations, MI,
and cell production rate. No significant dif-
ferences were detected between the groups.

Discussion

As expected, the animals in the experi-
mental group presented anemia, with signif-
icantly decreased Hb, Ht, serum iron and
transferrin saturation levels compared to the
control group during the first 6 weeks of the
experiment, with normalization occurring
during the 4 weeks of recovery.

Lactase activity was markedly reduced in
the anemic group both with respect to total
activity and specific activity (Figure 1), in
agreement with previous studies (17,18).
These investigators, however, also detected
a significant reduction in sucrase and mal-
tase, which was not demonstrated in the
present study. Since lactase, because of its
more superficial location, is known to be the
first and most intensely affected enzyme in
situations in which the villi are altered (35),
this difference may be explained by the fact
that, in the present study, the animals were
submitted to a shorter period of anemia.
Sriratanabam and Thayer (17) studied ani-
mals born to dams with iron-deficiency ane-
mia that were suckled by their mothers and
submitted to an iron-poor diet for an addi-
tional period of 75 to 185 days. Lanzkowsky
et al. (18) studied a group of animals submit-
ted to an iron-free diet from 21 to 84 days of
age, i.e., for a period of 9 weeks. Dallman et
al. (36), in a study of sucrase and maltase in
the intestine of rats born to iron-deficient
dams and fed an iron-free diet for 36 to 60
days, did not detect significant changes in
either enzyme. These comparisons support
the view that the duration of anemia, 6 weeks
in our study, was probably insufficient to
affect sucrase or maltase levels.

Figure 1 - Effect of anemia or recovery from anemia on total lactase, sucrase and maltase
activity of the small intestine (top) and on specific enzyme activity per gram small intestine
wet weight (bottom). Data are reported as individual values, with the median indicated by
the horizontal bars. E6w = Anemic; E10w = recovered anemic; C6w and C10w are the
appropriate controls. *P<0.05 compared to the other groups (nonparametric Mann-Whitney
test).
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the results of the laboratory tests performed,
i.e., Hb, Ht, serum iron, TIBC, and total
proteins. Significant differences were de-
tected between groups C6w and E6w for the
following parameters: animal weight, Hb,
Ht, serum iron and TIBC. Groups C10w and
E10w differed significantly only in terms of
animal weight.

The medians and minimum and maxi-
mum values of total and specific lactase,
sucrase and maltase activities are presented
in Figure 1. Lactase activity differed signifi-

*
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The reduction of weight in anemic ani-
mals as compared to the controls indicates
the association of protein-calorie malnutri-
tion with this nutritional disorder. Thus,
malnutrition, and not iron deficiency, might
be responsible for the reduction in lactase
activity. This, however, seems to be un-
likely, since total protein levels did not differ
between anemic and control animals and the
anemic animals, after refeeding, were able to
recover TIBC levels. These data indicate
that malnutrition was general and not limited
to protein deficiency. Studies on the intesti-
nal disaccharidases of malnourished rats have
demonstrated the absence of interference of
this type of disorder with disaccharidases in
terms of specific activity (37,38). Further-
more, the weight deficit was maintained
throughout the period of recovery from ane-
mia and in the present study there was recov-
ery of lactase activity (Table 1).

The absence of differences in cell prolif-
eration (Figure 2) suggests that this was not
the mechanism responsible for the fall in
lactase levels in the present study, support-
ing the finding of normal small bowel histol-
ogy in anemia reported by others (16,17).
Thus, iron deficiency may probably be re-

sponsible for a functional alteration of
enterocytes, with reduced ability to synthe-
size lactase. The changes in protein profile at
the intestinal level reported by Lanzkowsky
et al. (18) in anemic rats reinforce this view.
Dallman et al. (36) and Dallman (7) detected
significant cytochrome C deficiency in the
intestine of rats with iron-deficiency ane-
mia. Since cytochrome C participates in cell
respiration and in the production of oxida-
tive energy, this deficiency may be the cause
of this functional enterocyte disorder. These
investigators did not determine lactase activ-
ity, but only sucrase and maltase activities,
which were normal in anemic animals.

In conclusion, the present data support
the existence of lactase deficiency in iron-
deficiency anemia, a fact that should be con-
sidered seriously in the treatment of diarrhea
of children with this nutritional disorder.
The data also suggest that the mechanism of
iron-deficiency anemia is not due to an alter-
ation in cell renewal in the small bowel.
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