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ABSTRACT

Background/Aims: The aim of the present study was to determine the changes on the small intestine in mice during pregnancy using
histological, enzyme histochemical, and immunohistochemical methods.

Materials and Methods: A total of 24 Swiss albino female mice were divided as non-pregnant/control, first week, second week, and third
week of pregnancy (n=6). Tissue samples obtained from the duodenum, jejunum, and ileum were processed by means of routine histo-
logical techniques and stained with Crossmon’s triple staining. Alkaline phosphatase (ALP) was demonstrated with the simultaneous
azo-coupling method. Proliferating cell nuclear antigen (PCNA) was demonstrated with the streptavidin-biotin-peroxidase complex
method. The numerical data of the parameters were obtained and analyzed statistically.

Results: Villus height, villus width, and the rate of villus height/crypt depth were decreased in the duodenum, jejunum, and ileum in the
last week of pregnancy compared with the control group. Changes in the crypt depth of the duodenum, jejunum, and ileum in pregnancy
were found. The muscle width increased in pregnancy. It was identified that the ALP reactivity statistically significantly increased in the
duodenum, jejunum, and ileum in pregnancy. The percentage of PCNA-positive cells in the duodenum, jejunum, and ileum increased in
the first and second weeks of pregnancy, whereas it decreased in the third week of pregnancy compared with non-pregnant control
animals.

Conclusion: In conclusion, villus parameters, ALP reactivity, and percentage of PCNA-positive cells in the small intestine were affected

during pregnancy.
Keywords: ALP, mice, PCNA, pregnancy, villus

INTRODUCTION

Pregnancy is a process influencing other systems, togeth-
er with the digestive system. Some changes occur in the
digestive system organs, such as the stomach, intestines,
pancreas, and liver, during pregnancy (1-4). Pregnancy is
characterized by structural and functional changes in some
organs and regulated by the estrogen and progesterone
hormones (5). In this process, an increase in progesterone
levels is responsible for the changes observed in the diges-
tive system. Progesterone loosens up the smooth muscle in
the digestive system and slows down the digestion. During
pregnancy, morphological and histological changes are ob-
served in the small intestine. These changes are character-
ized by an increase in parameters, such as the length of the
small intestine and the height of the villus depending on
mother's consuming and her general physiological condi-
tion (6). The length of the small intestine and the height of
the villus are at maximum level in rats giving multiple births
and at minimum level in rats giving no births (5).
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Alkaline phosphatase (ALP) is activated by magnesium
ions and shows maximum activity at a pH of approxi-
mately 10 (7). The main sources of ALP, an enzyme having
the structure of a glycoprotein, are the liver, small intes-
tine, pancreas, bone, thyroid gland, placenta, tooth enam-
el, and testis (8-12). Intestinal ALP localized in the brush
border membrane plays an important role in the absorp-
tion of cholesterol, lipid, vitamin D, calcium, amino acids,
and glucose (13). Additionally, intestinal ALP detoxifies a
variety of bacterial pro-inflammatory factors and func-
tions to preserve gut barrier function (14). ALP activity,
which is the most stable, has been accepted as a signal
of the condition of the mucosal epithelial surface (15,16).
During pregnancy, ALP is involved in cytotrophoblast de-
velopment, is present in the placental and maternal cir-
culation, and serves as the source of food for the fetus in
the endometrium (17,18). The ALP enzyme is responsible
for regulating the high proliferation potential of cytotro-
phoblastic cells in the early stages of pregnancy, togeth-
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er with many growth factors, such as epidermal growth
factor and insulin-like growth factor 1 (19). This enzyme
is more concerned with maternal circulation than with
fetal circulation. A slight increase in the level of serum
ALP is noted in the third trimester of pregnancy. It has
been thought that ALP serves the function of supplying
the maximum needs of the fetus (12,20). ALP complete-
ly disappeared in the placenta brush border membrane
during miscarriage (21,22).

Proliferating cell nuclear antigen (PCNA) is a processing
factor for DNA polymerase delta auxiliary protein and
plays essential roles in the replication and repair of dam-
aged DNA (23-25). The rate of PCNA release increases
rapidly from the middle of the G1 phase of the cell cycle.
It maintains a high level through the S phase and starts
decreasing in the G2/M phase (26,27). Therefore, the
PCNA is used as an indicator for proliferating cells (28-
30). PCNA immunohistochemistry has been used as a
potential tool for the study of proliferative activity of tis-
sues (31). PCNA is expressed with high levels in nearly all
proliferating tissues, such as thymus, bone marrow, fetal
liver, certain cells of the small intestine, and colon (32).

The pregnancy period in humans is approximately 270
days which occurs in three trimesters, whereas this pe-
riod in mice is approximately 21 days. In humans, the
first trimester (0-90 days) of pregnancy corresponds to
0.5-10.5 days in mice, whereas the 2nd trimester (91-
180 days) and 3rd trimester (181-270 days) of pregnancy
correspond to 11-21 days in mice (33). Despite some dif-
ferences in pregnancy physiology, mice have been widely
used for studying human pregnancy disorders.

The aim of the present study was to determine the
changes in the small intestinal tissue in mice at differ-
ent stages of pregnancy with histological, enzyme histo-
chemical, and immunohistochemical methods.

MATERIALS AND METHODS

Study groups design

A total of 24 female Swiss albino mice 12-14 weeks
of age and weighing 20-25 g were used in the present
study. During the study, the animals were fed daily with-
out restriction of forage and water under standard con-
ditions (room temperature 20°C+1°C, relative humidity
50%+10%, and 12/12-hour light-dark period). All proce-
dures were approved by the ethical committee of Selguk
University School of Medicine, Konya, Turkey (2009/32).
The female mice leaving for mating at night were con-

trolled daily with respect to vaginal plug formation. The
mice whose vaginal plug formation was completed were
accepted on day O of their pregnancies. Mice were divid-
ed into four groups as non-pregnant/control, first week
(on day 3 of early pregnancy which occurs after implan-
tation), second week (on day 10 of midpregnancy which
occurs in decidualization), and third week (on day 17 of
late pregnancy which is equivalent to the third trimester
in human pregnancy) of pregnancy (n=6 for each group).
The mice were weighed and sacrificed after anesthetizing
by ether inhalation. Then, small intestinal tissue samples
(proximal portion of the duodenum and middle portion
of both the jejunum and ileum) were obtained from the
sacrificed animals.

Histological procedure

The samples were fixed in 10% buffered-formal saline
(pH 7.4) for 24 h at room temperature. Then, the sam-
ples were dehydrated, cleared, and embedded in paraffin.
Sections of 6 ym thickness were stained using the Cross-
mon's triple staining technique for determining the gen-
eral histological structure and for histomorphologic anal-
ysis of the villus (villus height, villus width, crypt depth,
villus height/crypt depth, and muscle width) (34). For ALP
demonstration, samples were fixed in a formal-calcium
solution (+4°C) for 24 h and then kept in Holt's solution
(+4°C) for an additional 24 h. Enzyme histochemical re-
actions were ascertained on 12 ym frozen sections (Leica,
Germany). The demonstration of ALP was assessed using
the simultaneous azo-coupling method (35). All speci-
mens were examined using a light microscope with a dig-
ital camera (Nikon Eclipse, E-400 equipped with Nikon
DS Camera Control Unit DS-L1 and DS Camera Head DS-
5M; Nikon, Japan), and the digital images of necessary ar-
eas were saved. The images were analyzed by the digital
imaging analysis program (BS200 PRO, 2005) using the
measured color intensity, and the numerical data of pa-
rameters were obtained.

The PCNA protein activity was assessed using the im-
munohistochemical method to determine the rate
of cell proliferation (36). The immunohistochemical
staining of tissue sections was performed using the
streptavidin-biotin-peroxidase complex procedure. The
sections were deparaffinized in xylene series and rehy-
drated. The sections were placed into citrate buffer (pH
6) and heated in a microwave oven (700 W for 5 min)
to unmask the antigen. The sections were left for 20
min in 3% hydrogen peroxide solution for the inhibition
of the activation of endogenous peroxidase. Non-spe-
cific binding sites were blocked by incubating the sec-
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tions in blocking solutions. The sections were incubated
with mouse anti-PCNA monoclonal antibody (GeneTex
GTX71945, 1:100 dilution) and then with biotinylated
goat anti-mouse secondary antibody (IgG) (ScyTek UHP
125, USA) for 20 min. Next, they were incubated with
horseradish peroxidase-streptavidin (ScyTek UHP 125,
USA) at room temperature for 20 min. Color reaction
was developed with 3,3'-diaminobenzidine (ScyTek ACK
125, USA). The slides were counterstained with May-
er's hematoxylin and then mounted in synthetic resin
(Entellan, Merck, Darmstadt, Germany). PCNA-positive
cells were counted in a total of 100 cells in crypts, and
positivity percentage (%) was determined.

Statistical analysis

Data were analyzed using Statistical Package for Social
Sciences 10 program (SPSS Inc.; Chicago, IL, USA). One-
way analysis of variance test, followed by post hoc Dun-
can multiple comparison tests, was used to evaluate data.

Table 1. Mean body weights (g) and relative intestine
weights (%) during different periods of pregnancy.

Groups (n=6) Body weight Relative intestine weight
Control 23.06+0.47° 11.77+0.61
First week 23.13+£0.44¢ 12.64+0.56
Second week 28.89+2.17° 12.66+1.23
Third week 39.568+1.66* 14.65+0.59

abeDifferences between mean values written in the same column
with different letters are significant (p<0.05).

The significant levels of the differences among the aver-
age values of different groups were determined. A p<0.05
was considered significant.

RESULTS

Body weights and intestine weights
Mean body weights and relative intestine weights during
different periods of pregnancy are shown in Table 1.

A significant increase was observed in the mean values of
body weights during pregnancy compared with the con-
trol group (p<0.05). Although an increase was also ob-
served in the mean relative intestine weights, it was not
statistically significant (p>0.05).

Villus parameters
Measurement results obtained from the duodenal tissue
during different periods of pregnancy are given in Table 2.

Although an increase was observed in the villus height
values in the first week of pregnancy compared with
the control group, a decrease was noted in the second
and third weeks of pregnancy. However, this change
was not statistically significant (p>0.05). The ratio of
villus height/crypt depth also decreased gradually in
the pregnancy groups compared with the control group
(p<0.05).

Data obtained from the jejunum are given in Table 3.

Table 2. Data obtained from the duodenum during different periods of pregnancy (um) (X£SE).

Groups Villus Villus Crypt Muscle Villus height/
(n=6) height width depth width crypt depth
Control 467.82+35.66 92.85+2.00 112.200+£5.72° 23.81£1.59¢ 4.22+0.322
First week 501.68+8.87 89.63+8.60 126.81+£4.81%° 27.53+1.76% 3.84+0.25%
Second week 414.11£26.13 100.30+£4.89 148.31+4.442 38.18+1.80° 2.51+£0.20°
Third week 399.61+33.30 98.31£8.09 134.26+9.43% 32.79+2.79%* 3.22+0.40
abeDifferences between mean values written in the same column with different letters are significant (p<0.05).

Table 3. Data obtained from the jejunum during different periods of pregnancy (um) (X+SE).

Groups Villus Villus Crypt Muscle Villus height/
(n=6) height width depth width crypt depth
Control 400+36.13° 84.20+4.86 132.44+10.44 27.43+1.85° 3.07+0.18
First week 365.79+19.55 81.90+£7.25 145.37+14.17 49.40%1.702 2.66+0.34
Second week 474.55+20.082 89.11+4.42 141.61+ 8.32 41.62+2.90° 3.20+0.13
Third week 309.77+£27.48° 69.63+5.45 133.59+ 8.96 40.01+£3.03° 2.38+0.29

abeDifferences between mean values written in the same column with different letters are significant (p<0.05).
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Table 4. Data obtained from the ileum tissue during different periods of pregnancy (um) (X+SE).

Groups Villus Villus Crypt Muscle Villus height/
(n=6) height width depth width crypt depth
Control 281.24+34.50% 80.50+4.03* 140.42+5.58° 30.57+3.01° 2.32+0.27
First week 301.98+8.56% 90.35+7.072 141.70+7.86° 39.41+2.12° 2.15+0.13
Second week 255.76+7.872 80.26+4.27% 165.66+3.90° 55.568+2.312 1.83+0.14
Third week 181.23+4.00° 63.55+6.02° 108.67+7.75° 33.23+£3.62 1.70£0.11

abeDifferences between mean values written in the same column with different letters are significant (p<0.05).

Table 5. ALP reactivity determined during different periods
of pregnancy (%).

Table 6. PCNA-positive cell percentages of the different
periods of pregnancy (%).

Groups (n=6) Duodenum Jejunum lleum Groups (n=6) Duodenum Jejunum lleum

Control 5.24+0.20° 4.20+0.54° 4.10£0.21° Control 55.37+3.10°  47.70+2.82° 50.567+3.73¢°
First week 6.61+£0.84b° 6.83+0.54" 6.85+0.33° First week 65.17£0.91*  64.92+1.29*  59.26+1.73"
Second week 8.19+0.39% 8.568+0.33* 8.22+0.46 Second week 66.71+£1.142 68.61+1.392 62.55+1.452
Third week 9.61+£0.60* 8.61+0.272 8.81+0.442 Third week 50.78+2.93* 53.37+2.59>  52.79+1.75%

abeDifferences between mean values written in the same column
with different letters are significant (p<0.05).

abeDifferences between mean values written in the same column
with different letters are significant (p<0.05).

It was observed that villus height decreased in the first
week of pregnancy, increased in the second week of
pregnancy, and was at the lowest level in the third week
of pregnancy (p<0.05). Furthermore, the crypt depth val-
ues increased in the first and second weeks of pregnancy
and decreased in the third week of pregnancy compared
with the control group. However, the difference was not
statistically significant (p>0.05). The muscle width values
showed a statistically significant increase in the pregnan-
cy groups compared with the control group (p<0.05). No
statistically significant difference was found in the ratio
of villus height/crypt depth (p>0.05).

Data obtained from the ileal tissue during different peri-
ods of pregnancy are given in Table 4.

It was observed that the villus height was at the lowest
level in the third week of pregnancy compared with the
control group and the first and second weeks of pregnancy
(p<0.05). In addition, the villus width values were similar to
the villus height values (p<0.05). The crypt depth increased
in the second week of pregnancy compared with the con-
trol group and first week and decreased in the third week
of pregnancy (p<0.05). It was found that the muscle width
was at the highest level in the second week of pregnan-
cy compared with the other groups (p<0.05). A decrease
was observed in the ratio of villus height/crypt depth in the
pregnancy groups compared with the control group; how-
ever, it was not statistically significant (p>0.05).

ALP reactivity

Alkaline phosphatase reactivity was observed on the en-
terocyte brush border membrane. ALP reactivity was not
seen in the crypt epithelium. The ALP reactivity determined
during different periods of pregnancy is given in Table 5.

A gradual increase was found in the ALP reactivity on the
brush border membrane of the duodenum, jejunum, and
ileum during pregnancy compared with the control group
(p<0.05) (Figure 1).

PCNA immunohistochemistry

The cells with a brown-stained nucleus were evaluated as
PCNA-positive cells. The percentages of PCNA-positive
cells determined during different periods of pregnancy
are given in Table 6.

The percentage of PCNA-positive cells increased in the
first and second weeks of pregnancy, whereas it de-
creased in the third week of pregnancy compared with
the control group in all sections of the small intestine
(Figure 2, p<0.05).

DISCUSSION

Food intake increases in females because of increas-
ing energy needs during pregnancy. Changes are seen
in the body systems, particularly the digestive system
and structures of the organs (37). During the pregnancy
and lactation periods, some certain metabolic diseas-
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Figure 1. A-D. Jejunum sections of the control and pregnant groups.
(A) Control group, (B) first week of pregnancy, (C) second week of
pregnancy, (D) third week of pregnancy Arrows: ALP reactivity. ALP
demonstration. Bar: 100 pm.

Figure 2. A-D. lleum sections of the control and pregnant groups.
(A) Control group, (B) first week of pregnancy, (C) second week of
pregnancy, (D) third week of pregnancy Arrows: PCNA-positive cells.
PCNA immunohistochemical staining. Bar: 100 pm.

es and gastrointestinal tract problems have more se-
rious clinical importance. In addition, some histological
changes during pregnancy have been reported in the
liver including increased cytoplasmic fat vacuoles in
centrilobular hepatocytes and Kupffer cell hypertro-
phy. Liver adenomas may enlarge during pregnancy in
humans (38). A gradual increase in basal insulin con-
centration with the progression of pregnancy has been
reported (39,40). Nalbant observed hyperplasia in pan-
creatic beta cells and increased insulin secretion during
pregnancy (2). In addition, there are many studies about

the structure of the small intestine flora changes in the
literature (3,41,42).

There are some clinical symptoms related with the gas-
trointestinal system and digestive system organs. An
increase in progesterone levels reduces motility and
causes an increase in gastric acid secretion in the gas-
trointestinal system (43). Increases in live body weight,
food intake, anatomical dimensions of the gastrointesti-
nal system, and absorption capacity of the small intestine
were found in albino rats during pregnancy and lactation
(44). Food intake increased 60% during pregnancy and
250% during lactation (45). Statistically significant in-
creases were found in body weights of rats during preg-
nancy and lactation (46). A 40% increase was reported
in the small intestine weights of rats in the last week of
pregnancy and the first week of lactation (47). Different
investigators reported a 50% increase in the small intes-
tine weights of rats during pregnancy and lactation (48).
The change found in the mean body weights of rats in the
present study was compatible with the other researchers’
findings. Although a statistically significant increase was
observed in the mean body weights compared with the
control group during the mid- and late gestational peri-
ods (p<0.05), it might be related to the developing fetus-
es. In addition, an increase was observed in the mean rel-
ative intestine weights during pregnancy compared with
the control group, and this increase was not statistically
significant (p>0.05).

An increase was observed in the villus heights in albino
rats during pregnancy (46,47). The villus heights of preg-
nant mouse were found to be more than 50% than those
of non-pregnant mouse (49). An increase was reported
in the villus heights in rats during pregnancy and lacta-
tion (37). An increase was found in the villus heights of
the small intestine and the total villus area in rats during
pregnancy and lactation (37). An increase was demon-
strated in the villus height and the area of the jejunum
in rats during pregnancy, and this increase reached max-
imum level during lactation (47). However, there were
studies which showed that the villus height decreased in
pregnant rats (50,51). In the present study, it was found
that the villus height of the duodenum increased in the
first week of pregnancy and decreased in the second
and third weeks of pregnancy compared with the control
group (p>0.05). In addition, the villus height of the jeju-
num decreased in the first week of pregnancy, increased
in the second week, and was at the lowest level in the
third week of pregnancy (p<0.05). The villus height of the
ileum decreased in the third week of pregnancy compared
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with the control group in the first and second weeks of
pregnancy (p<0.05). The reason of this difference might
be the ages of the animals, number of offsprings, preg-
nancy number of animals, and sampling method.

Intestinal ALP activity is accepted as a marker of the
functional status of the small intestine epithelium, be-
cause it is quite stable (10,52). The ALP level in the mam-
mary tissue of pregnant rats reached maximum level at
birth by increasing rapidly during pregnancy and remained
at the same level during lactation (52). ALP increased in
the pregnant horn from days 5 to 8, whereas it remained
unaltered in the non-pregnant horn (53). The relation-
ship between ALP value and uterine weight in rats during
pregnancy showed that ALP activity declined on days 1
and 3 of pregnancy, started to increase on day 7, reached
maximum value on day 14, and maintained its high lev-
el until birth (54). Activities and changes in ALP isoen-
zymes (bone, liver, intestine, and placental ALP) during
pregnancy in humans showed an increase in the levels of
all ALP isoenzymes; the increase in ALP in the placenta
was more than the increase in other locations (55). The
present study found that the intensity of relative ALP re-
activity observed in the duodenum, jejunum, and ileum
gradually increased during pregnancy compared with the
control group (p<0.05). These findings were consistent
with the findings of other researchers and showed that
ALP release began during early pregnancy and its level in-
creased in time.

PCNA has been used as a marker for proliferating cells.
The level of PCNA in the placental tissue in humans
during early pregnancy was at maximum level and de-
creased in parallel with placental development (56). The
levels of placental PCNA increased during pregnancy in
humans with preeclampsia and in normal pregnancy (57).
However, the number of PCNA-positive trophoblast cells
declined during later pregnancy in some studies per-
formed on rats and mice (58,59). PCNA immunoreactivi-
ty declined from the second day of pregnancy and disap-
peared from the fourth day of pregnancy in the uterine
luminal epithelium and glandular epithelium during ear-
ly pregnancy in rats (60). During a healthy pregnancy,
PCNA is expressed at the highest level in the early period
(4-5 weeks) in cytotrophoblastic cell nuclei, and the lev-
el of PCNA is decreased progressively in the late period
(19,61). Acar et al. (62) stated that while PCNA is high-
est on days 11 and 13, it decreases with progression of
pregnancy in rats. Ozaydin et al. (63) reported that the
percentage of PCNA positivity in trophoblast and decid-
ual cells increases at the mid-gestational stage and de-

creases at the late stage in mouse. PCNA-positive cell
numbers in the small intestine crypts increased during
lactation despite a decline during pregnancy in non-preg-
nant, 3-week pregnant, and lactating rats (37). The pres-
ent study found that the percentages of PCNA-positive
cells in the duodenum, jejunum, and ileum increased in
the first and second weeks of pregnancy and then de-
creased in the third week of pregnancy compared with
the control group (p<0.05).

The changes in the small intestine during pregnancy oc-
cur according to the needs of the developing fetus. In-
vestigating the changes in the small intestine during dif-
ferent periods of pregnancy using histological, enzyme
histochemical, and immunohistochemical methods can
help in diagnosing and treating the complications that
may occur in the digestive system disorders during preg-
nancy. Although there are some differences in pregnancy
physiology between mouse and human, animal studies
are critical for understanding the mechanisms of gas-
trointestinal discomfort of pregnancy. However, further
studies are needed to evaluate gastrointestinal motility
and some certain blood parameters, in addition to histo-
logical findings, to improve the clinical approach of preg-
nant women suffering from gastrointestinal dysfunction.
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