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ABSTRACT

Background: During pregnancy, pregnant women are susceptible to malaria, contributing
significantly to maternal and infant mortality. Objective: This research was conducted to
study the effect of Plasmodium berghei infection in pregnant mice on fetal growth retar-
dation through placental cell apoptosis and the change of local vascularization. Methods:
Eighteen pregnant Balb/c strain mice resulting from simultanously mating were divided
into two groups those were nine pregnant mice used as non infected group and nine preg-
nant mice infected with Plasmodium berghei on day 9th post mating used as infected
group respectively. On day 15th of post mating, all of the pregnant mice were killed. Fetal
weights were measured using analytic balance. Apoptosis of placental cells and VEGF
expression in the placental tissue were measured using immunohistochemistry. Results:
Result showed that there was sequestration of parasite-infected red blood cells (PRBCs) in
intervillous space. Statistical analysis showed that the fetal weights in infected pregnant
mice group was significantly lower than non infected one (p = 0.01), and the placental cell
apoptosis in placental tissue of infected pregnant mice was significantly higher than the
non infected one (p=0.00).There was also a significant difference on VEGF expression be-
tween infected group and non infected group (p= 0,00). Conclusion: Plasmodium berghei
infection in pregnant Balb/c mice can cause fetal growth retardation due to high of placen-
tal cell apoptosis and low VEGF expression.
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1. BACKGROUND

Pregnancy is a unique and interesting physiological phenomenon, where
the fetus which is actually a semi-allograft and normally should be rejected
by maternal immune response, can still accepted until the fetus being aterm,
and finally rejected as a normal delivery (1-3) Pregnancy failure actually is a
form of precipitation of rejection. It can be caused by many factors such as
genetics, chromosomal and anatomical defects, and also infections (4)

Malarial infection in pregnant women, especially the non-immune indi-
viduals, can cause pregnancy failure in many forms of manifestations, such
as abortion, immature, premature, still birth, congenital anomalies, intra
uterine growth retardation/ restriction (IUGR) and low birth weight (LBW);
depends on the parity and stage of pregnancy when the mother gets malaria
infection and the severity of malarial disease. Complications are more often
and severe in primi than multigravida (5, 6).

It has been proved that angiogenic dysregulation, imbalances in cytokine
production, and disruption of complement activation pathway might be in-
volved in the placental injury (7). Increased inflammatory responses in the
infected placenta by sequestration of the parasite result into intrinsic path-
way of apoptosis due to abundant oxidative stress and might disturb the ma-
terno-fetal circulation that in turn causes placental cell death (8, 9).

This research was conducted to reveal that malaria infection in preg-
nant mice can cause [UGR via sequestration of PRBCs in intervillous space
through placental cell apoptosis and the change of local vascularization by
measuring VEGF expression.
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2. OBJECTIVE

The objective of this study was to study the effect of
Plasmodium berghei infection in pregnant mice on fetal
growth retardation through placental cell apoptosis and
the change of local vascularization

3. MATERIAL AND METHODS

Study design

This study was an expermental study. Eighteen preg-
nant Balb/c mice resulting from synchronized mating
were devides into two groups. Nine pregnant mice were
infected with 0.2 mL liquid containing 5x106 Plasmodi-
um berghei (ANKA- strain) intraperitoneally. Pregnant
Balb/c mice was infected in 9th day of post mating and
used as infected group, and the other nine pregnant
mice were not infected and used as non infected group.
On day 15th of post mating, all of the pregnant mice
were scarified, the litters were weight individually using
analytic balance (Mettler AE 50), while the apoptosis of
placental cells were measured with immunohistochem-
istry using TUNEL (BioVision’s Apo-BrdU-IHCTM Kit),
by enumerating and averaging the number of apoptotic
cells in twenty high power fields. Measuring of angio-
genesis was done immunohistochemistry using mono-
clonal antibody to VEGF (Santa Cruz Biotechnology’s
VEGF (VG-1)). VEGF expression was calculated in the
trophoblast and deciduas, intervilous space, as well as in
the lumen of a blood vessel in one piece of immunohis-
tochemical staining preparations.

Synchronization of estrus and mating

Female mice were separated from male mice for 2-3
weeks. The female mice were in a con-dition of un-es-
trus state (Leeboot effect). They were then ex-posed to
odors of males in order to restart the estrus cycle (Pher-
omone effect). The female mice were simultaneously in
estrus condition for about 72 hr after being exposed to
male odor (Whitten effect). Finally they were simultane-
ously mated in pair (1:1) within 1 night

Inoculation of mice

Inoculation was done by intraperitoneally injection of
as much as 106 per mL of Plasmodium berghei ANKA
strain on the day 9th post mating or in the second period
of pregnancy.

Measurement of parasitemia

To observe the degree of parasitemia, 10 puL of blood
was isolated from the end of the tail of the mice and
smeared as a thin smear and dried. Then, the smear was
fixed with absolute methanol until it was well distrib-
uted and dried. The slides were stained with Giemsa
solution (a mixture of Giemsa stain (Merck, HX612241)
and Giemsa buffer (Bioanalitika, Indonesia) at a ratio of
1:9 for 30 min, rinsed with water and dried. The degree
of parasitemia was determined by examining a blood
smear under a microscope at a magnification of 1000x.
The percentage of parasitemia was computed based on
the number of erythrocytes infected with malaria para-
sites per 1000 erythrocytes.

Apoptosis examination

Apoptosis examination was carried out by immuno-
histochemistry techniques (TUNEL). First, slide from
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placental tissue were made then washed using PBS pH
7.4 and incubated using 20ug / mL proteinase-K for 20
minutes. After that slide were incubated in 3% H202 for
5 minutes and then washed with PBS pH 7.4. Slide then
incubated with Tunel fragmented DNA labeling for 1.5
hours at 370C and washed using PBS pH 7.4 continuing
with blocking with blocking buffer for 10 minutes. The
following step slides were incubated with antibodies at
room temperature for 1.5 hours. and washed with PBS
continued with incubated with conjugate solution for
30 minutes and washed again with PBS. After that slides
were added with a peroxidase and chromagen (DAB-Di-
amino Benzidine) for 20 minutes at room temperature.
Then washed with PBS pH 7.4, and counterstain with
Mayer hematoxilen for 10 minutes. Finally slide were
rinsed with tap water and washed with dH2O, dried and
covered with a cover glass then observed under a light
microscope with 1000x magnification. Apoptotic cells
were shown as brown in the cell nucleus. The apoptotic
index was calculated by means of cells undergoing apop-
tosis calculated per 100 trophoblast cells with 1000x
magnification, at 10 fields of view from each placental
tissue preparation (7).

Measurement of angiogenesis

Angiogenesis is measured by measuring VEGF ex-
pression. VEGF was measured using placental tissue
preparations that had been initialized through immuno-
histochemical methods using mouse VEGF monoclonal
antibodies (11). Placental tissue slides were depharaf-
inize and washed using PBS pH 7.4. H202 was added 3%
(in methanol) and then incubated for 15 minutes. Slides
were washed with PBS 3 times and added with unspecif-
ic blocking protein (Triton added blocking buffer) con-
tinue with incubated for 1 hour at room temperature.
After washing with PBS 3 times, slides were added with
primary antibody (VEGF) and then incubated overnight
at 40C. Slides then were washed with PBS 3 times and
added with secondary antibody then incubated for 1
hour at room temperature. Slides were washed with PBS
3 times and added with SA-HRP and then incubated for
40 minutes at room temperature. Washed using PBS pH
7.4 and added using a substrate for Peroxidase (DAB-Di-
amino Benzidine) for 20 minutes at room temperature.
Finally slides were washed with H20 and Counterstain
with Mayer hematoxilen for 10 minutes, rinsed with tap
water then left to dry, mounting the entanglement and
covered with a cover glass then observed under a light
microscope with 1000x magnification. The brown color
of the cell shows VEGF expression.

Ethical approval

The experiments were performed in accordance with
the guidelines and approval (No.219/EC/KEPK-S2-
JK/09/2011) of the Institutional Animal Care and Use
Committee of Brawijaya University

Statistical analysis

The data of the research results were analyzed with
SPSS software program calculations (17). The analysis
techniques used were: a) different t test two indepen-
dent samples (independent t test). This technique was
used to compare two mean variable values of: (i) fetal
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Infected pregnant mice Not infected pregnant mice (two Fa\illilt;“te-test)
Average fetal body weights (milligrams) 203,00£22.95 272,004£15.46 P=0.001*
Number of apoptotic cells 190.50+58.37 33.00£20.50 P=0.001*
Sequestration of the PRBCs in placental Present Absent

intervillous space

*p < 0.05 = siginificant different

Table 1. The Comparison between average fetal body weights, number of placental opoptotic cells, and sequestration in malarial

infected and not infected pregnant mice
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Figure 1. Apoptosis of trophoblast cells in infected and non-
infected groups, indicated by arrows, in placental tissue by
TUNEL assay. The number of apoptotic trophoblasts were higher
in infected group (B) compared to non-infected group (A). Light
microscope, magnification 400X (C) Expression of placenta
apoptosis in infected and non- infected (control) groups

body weight of the control group and infected group.
(ii) apoptosis of placental cells in the control group and
infected group (iii) expression of VEGF (angiogenesis)
control group and infected group. The test decision cri-
teria is done by comparing the probability value (p) with
a significance level = 0.05, b) Correlation test: This tech-
nique was used to determine the level of relationship of
two mean variable values for: (i) Apoptosis of placen-
tal cells with fetal body weight of the infected group.
(if) Expression of VEGF (angiogenesis) with fetal body
weight of the infected group.

4. RESULTS

This study showed that on the day 15th of post mat-
ing, the average of fetal body weights in infected group
was less than not infected group (p = 0.001). Number
of apoptotic cells in placental tissue of infected group
is more than the control group (p = 0.001). The t-test
independent showed a significant difference on VEGF
expression between non infected group and infected
group,p (p= 0,00). There was sequestration of the PRBCs
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Figure 2. VEGF expression in placental of infected and non-
infected groups A. Placental tissue of non-infected groups.

B. Placental tissue of infected group, expression of VEGF of
infected groups shown lower than in non infected group. Light
microscope magnifications 1000X. C.Distribution of data
between the non infected and infected groups was normal, there
were significant differences between the two groups. In the
control group, the data range is wide and median above / greater
than the maximum value of the infected group.

in placental intervillous space in infected mice. (Table
1).

The number of apoptotic cells show on Figure 1. The
VEGF expression show on Figure 2. Average fetal body
weights of infected and the non infected groups show
on Table 1. Placenta VEGFexpression in non infected
group showed higher numbers and wider spreading in
the intervillous space, endothelial and placental tissue
than those infected group. Placenta VEGV expression in
infected group expressed very little. Using Hematoxylin
and Eosin (HE) staining with magnification 1000x, there
was a sequestration of Plasmodium infected erythro-
cytes in placental intervillous area (data not shown).

5. DISCUSSION

Malaria and pregnancy are mutually interfering con-
ditions. The physiological of the pregnancy and the
pathological of malaria have a synergistic effect on the
course of each other causing specificity and severity of
malaria disease. Pregnant women tend to a bias towards
type-2 cytokines, resulting them to be more suscepti-
ble against diseases requiring type-1 response for pro-
tection including malaria. In malaria infected pregnant
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women there is a shifting from TH2 to TH1 that makes
an imbalance of the local placental immunologic, show
by the decreasing of IL-10 and the elevating of IFN-,
IL-2, and TNF-a (3, 12). Recent study has revealed the
involvement of IL-17 that produced by TH17 and IL-10
that secreted by T-regulator, the high level of placental
IL-17 caused low fetal weight, and interestingly the low
fetal weight was caused by a decrease of placental IL-10
(10).

Placental apoptosis is a basic mechanism of normal
delivery (13, 1) but placental apoptosis may be augment-
ed or precipitated by a variety of condition, including
hypoxia and redox imbalance. During the course of
malaria infection, placenta is exposed to hypoxia. This
causes apoptosis and fetal growth retardation (14, 15).
Previous study stated there is a strong evident that redox
imbalance and apoptosis are the two important factors
for placental injury and related with the pathological
consequents in malaria-infected women and infants (8).
Fetal growth retardation due to increasing of placental
cells apoptosis may be influenced by the sequestration of
infected erythrocytes and accumulation of monocytes
in placenta, which induce the release of free radicals. In
this research, the number of apoptotic cells in placental
tissue of pregnant mice infected by P. berghei is more
than the non infected one (p<0,05), and there is seques-
tration of the PRBCs in placental intervillous space. The
average fetal body weight of infected mice was approx-
imately 25% lower than in the group of non-infected
mice (p< 0.05 two tailed t-test).

Angiogenesis includes branching of new micro vessels
from larger vessels (16). Angiogenesis a key process in
the development of villous blood vessels and terminal
villous formation of the human placenta. The growth of
placental blood vessel begins in the first stage of preg-
nancy and continues until delivery (17, 18). Previous
study showed that malaria during pregnancy is related
with pathology of placenta. This study also found the
relation between the level of angiogenic factors in pe-
ripheral blood and placenta that play important roles in
the structure and function of the placenta. The levels of
Angiopoietin-1 in women suffered with malaria during
pregnancy were associated with specific structure and
function of placenta (7).

The vascular endothelial growth factor (VEGF) has
been identified as one of positive regulators of angio-
genesis process and the formation of new blood vessels.
VEGF is dominantly expressed in the first trimester for
embryonic and fetal development and participated in
the proliferation, migration, and metabolic activity of
trophoblasts (19-21). Therefore, parameters for measur-
ing angiogenesis can be done by measuring VEGF ex-
pression.

Plasmodium berghei infection in pregnant mice caus-
es placental malaria as indicated by the presence of par-
asitic sequestration in the placental intervillous region.
Plasmodium sequestration induces vascular endothe-
lial cells in the placenta. Induced endothelial cells can
release pro-inflammatory mediators and decrease in
anti-inflammation (22), causing VEGF expression to
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decrease, thus disturb angiogenesis. It is assumed that
Plasmodium sequestration causes a decrease in angio-
genesis as evidenced by lower VEGF expression in in-
fected placental tissue of pregnant mice

The effect of intrauterine growth restriction on fetus
and placental weight were studied in mice on 21.5 days
of pregnancy. Fetal body weight and placental blood
flow are closely related with ligation on one side of uter-
ine artery on 18.5 days of pregnancy. Result showed that
a smaller weight fetus has a smaller placenta. There was
a decrease in fetal weight and placental blood flow in the
treatment group around 10% and 50% between the 19th
and 21st pregnancy days compared to the control values
on the 21st day. A sharp decrease in maternal placental
blood flow is suspected to be the main causes of intra-
uterine growth restriction (23)

6. CONCLUSION

In conclusion, Plasmodium berghei infection in preg-
nant Balb/c mice causes fetal growth retardation asso-
ciated with high placental cell apoptosis and low VEGV
expression mediated by PRBCs sequestration in inter-
villous space.
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