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Bevacizumab-treated pregnant rats may constitute an experimental 
model for studying preeclampsia
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Abstract
Purpose: To develop a rat model of preeclampsia by administering bevacizumab, an angiogenesis inhibitor.
Materials and methods: Sixteen pregnant rats were randomly allocated to intraperitoneal injection of 10 mg/kg 
bevacizumab or 0.1 cc intraperitoneal serum physiologic on the 4th and 8th days of gestation. Blood pressure, 
body weight, and proteinuria were measured on both day 0 (D0) and day 20 (D20). Blood samples were collected 
on D20 for analysis, including for determining vascular endothelial growth factor (VEGF) and soluble Fms-like 
tyrosine kinase 1 (sFlt-1) levels. On the same day, the mice were euthanized, the placentas and pups were 
weighted, and the angiogenesis markers and microvessel density were evaluated using immunohistochemical 
methods.
Results:  Lower serum VEGF (p=0.038) and higher SFlt-1 (p=0.015) levels were observed in bevacizumab-
treated pregnant rats. Bevacizumab-treated pregnant rats had significantly higher systolic (p=0.050) and 
diastolic (p = 0.046) blood pressures compared to the controls. Additionally, the bevacizumab group showed a 
significant increase in proteinuria on D20 compared to that on D0 (p=0.026). Although higher serum AST, ALT, 
BUN, and creatinine levels and renal glomerular endotheliosis scores as well as lower placental VEGF and 
microvessel density were noted in bevacizumab-treated rats, these differences were not statistically significant 
(p > 0.05 for each).
Conclusion: The promising results of this trial show that bevacizumab treatment in pregnant rats might provide 
a model to study human preeclampsia.
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Özet
Amaç: Bir anjiogenez inhibitörü olan bevacizumab uygulayarak sıçanlarda preeklampsi modeli oluşturmak.
Gereç ve Yöntem: Toplam 16 gebe sıçana intraperitoneal 10 mg/kg bevacizumab ya da 0.1 cc serum fizyolojik 
4 ve 8. günlerde uygulandı. Sıçanların kan basınçları, ağırlıkları ve proteinüri miktarları 0 ve 20. günlerde 
değerlendirildi. 20. günde sıçanlardan kan örnekleri alınarak vasküler endotelyal büyüme faktörü (VEGF) 
ve çözülebilir Fms benzeri protein kinaz (SFlt-1) seviyeleri ölçüldü. Aynı gün ötenazi uygulanılarak plasenta 
ve yavruların ağırlıkları değerlendirildi. Immünohistokimyasal olarak anjiogenez belirteçleri ve mikro damar 
yoğunluğu incelendi. 
Bulgular: Bevacizumab uygulanan grupta daha düşük VEGF (p=0.038) ve daha yüksek SFlt-1 (p=0.015) 
seviyeleri saptandı. Benzer şekilde bevacizumab uygulanan sıçanların sistolik (p=0.050) ve diastolik (p=0.046) 
kan basınçları daha yüksek bulundu. Bevacizumab uygulanan sıçanlarda 20. günde proteinüri miktarları 0. 
güne göre belirgin olarak daha yüksekti (p=0.026). Her ne kadar daha yüksek AST, ALT, BUN, kreatinin, böbrek 
glomerüler endotelyosis skorları ile daha düşük plasental VEGF ve mikro damar yoğunluğu gözlenmiş olsa da, 
istatistiksel olarak anlamlı fark saptanmadı (p>0.05).
Sonuç:Çalışmamızda gebe sıçanlara bevacizumab uygulayarak preeklampsi modeli oluşturulabileceğine dair 
olumlu sonuçlar elde edilmiştir. 
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Introduction

Preeclampsia complicates 3%–-5% of 
pregnancies and remains one of the major 
causes of maternal and neonatal morbidities 
[1]. The precise pathophysiologic mechanisms 
of preeclampsia remain unknown; therefore, 
effective preventive strategies remain elusive, 
and delivery remains the main approach for 
preventing maternal morbidity and mortality 
[2-5]. A disruption in the balance between 
angiogenic factors such as vascular endothelial 
growth factor (VEGF) or placental growth factor 
(PlGF) and antiangiogenic factors such as 
soluble Fms-like tyrosine kinase 1 (sFlt-1) and 
soluble endoglin (sEng) is believed to precede 
preeclampsia [6, 7].

It is known that VEGF plays a major role in 
angiogenesis [8, 9]. VEGF-A, the major type 
of VEGF, is known to potentiate the vascular 
permeability and induce vasodilatation [10]. 
Additionally, it regulates the vascular tonus; 
suppresses endothelial apoptosis; and inhibits 
vascular adhesion, platelet aggregation, 
and thrombosis [11]. Several studies have 
evaluated the effect of anti-VEGF treatment 
in nonpregnant rats. It was observed that 
anti-VEGF treatment in adult animals causes 
proteinuria with glomerular endothelial damage 
[12]. Moreover, studies of anti-VEGF treatment 
in the context of antiangiogenic cancer 
treatment established proteinuria, hypertension, 
and loss of glomerular endothelial pores [12, 
13]. Impaired placental vasculogenesis and 
early embryo mortality might also occur owing 
to the absence of the VEGF gene that plays 
the key role in angiogenesis [14]. Additionally, 
it was hypothesized that the inhibition of 
angiogenesis during early placentation would 
create hypertension concomitant with placental 
and fetal dysfunction. Suramin, a potent VEGF 
inhibitor, was studied to mimic preeclampsia in 
early gestational weeks in pregnant rats [15, 16]. 
These studies have shown that the inhibition of 
uterine angiogenesis with suramin increases 
maternal blood pressure and compromises 
the development of the fetus and placenta. 
Similarly, Ahmed [17] proposed that sFlt-1, an 
alternative mRNA splice variant of the sFlt-1 
gene, might be a key factor responsible for the 
clinical manifestation of preeclampsia because 
of the loss of circulating free VEGF.

The development of an animal model that 
replicates this complex pregnancy-related 
disorder may help to expand our understanding 
and may hold great potential for the design 
and implementation of an effective treatment. 
Although bevacizumab is the first antiangiogenic 
agent that has been used systemically, its effects 
on pregnant rats have not yet been studied. 
Therefore, in this study, we aimed to investigate 
the effect of bevacizumab on pregnant rats 
and to generate a maternal and fetal condition 
resembling human preeclampsia with the goal 
of developing a useful animal model of this 
disorder.

Materials and Methods

Obtaining Pregnant Rats

Sixteen Wistar albino rats weighing 200-250 
g (12-16 weeks old) were obtained from the 
Animal Laboratory of Cumhuriyet University, 
Sivas, Turkey. Consent for using and studying 
the animals was obtained from the Institutional 
Test Animal Ethic Committee. Care was taken 
to select animals of similar age and weight. 
The animals were maintained with 8-mm 
standard rat pellets in special cages under 
standard conditions (12-h light-dark cycle, air 
conditioned, stable temperature). Each female 
rat was mated with male rats between 5:00 PM 
and 9:00 AM at 22°C. The next day, vaginal 
smear tests were performed to seek sperm. 
Day 0 (D0) of gestation was defined as the day 
when spermatozoa were found in the vaginal 
smear. Then, the rats were randomized into two 
groups (control and bevacizumab groups), with 
an equal number of rats in each group.

Study Groups

(1) Control group: Eight pregnant rats 
received intraperitoneal 0.1 cc serum physiologic 
on the 4th and 8th days.

(2) Bevacizumab group: Eight pregnant 
rats received intraperitoneal 10 mg/kg (0.1 cc) 
bevacizumab on the 4th and 8th days.

 Experimental Procedure

The rats were killed using 40 mg/kg 
intraperitoneal ketamine HCl and 1 mg/kg 
xylazine hydrochloride on day 20 (D20) of 
gestation after performing a cesarean section 
under combined general anesthesia (ketamine 
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HCl 75 mg/kg and xylazine hydrochloride 1 mg/
kg). The placentas and pups were removed 
by Cesarean section. The number and weight 
of the pups and placentas were recorded, 
and the placentas were placed in formalin for 
histopathologic examination after being washed 
with saline.

Measurement of Weight and Blood Pressure 
and Collection of Urine Sample

The weight and blood pressure of the rats 
were measured and urine samples were 
collected on D0 and D20 of gestation. Blood 
pressure was measured by using the tail-cuff 
blood pressure monitoring system (BPHR 9610 
Blood Pressure System; Commat, Ankara, 
Turkey) [18]. The tails of anaesthetized rats 
were heated to dilate the tail vessels in a closed 
environment with a constant temperature of 39-
40°C.

Protein Measurement in Urine Samples of Rats

The protein quantity in the urine samples 
obtained on D0 and D20 of gestation was 
measured by the dipstick method (006T250; Ulti 
Med Products GmbH, Ahrensburg, Germany). 
Proteinuria was identified by dropping the urine 
samples onto colorimetric strips. Proteinuria 
was graded as “j,” “1+,” “2+,” “3+,” or “4+” by 
comparing the color reaction to the color scale: 
“j” to “2+” indicates mild proteinuria (30–100 mg/
dL) and “3+” and “4+” indicate severe proteinuria 
(300-2000 mg/dL)

Measurement of VEGF, sFlt-1, and Other 
Biochemical Markers

On D20, intracardiac blood samples were 
taken and all rats were sacrificed. The serum 
in the rat blood samples was separated and 
stored at -80°C until it was studied. According 
to the manufacturer’s advice (Ray Biotech, Inc., 
Norcross GA, USA, and Cusabio Biotech Co., 
Ltd., Hubei, PRC), VEGF and sFlt-1 serum 
concentrations were determined two times with 
Elisa kept on serum. Moreover, ALT, AST, BUN, 
and creatinine levels in the serum samples were 
measured using an otoanalyser (Advia 1800 
Autoanalyser; Bayer Diagnostic, Leverkusen, 
Germany).

Light Microscopy and Immunohistochemical 
Evaluation

The placental sections were paraffinized in 
xylene and dehydrated by migration through 

80°, 90°, 96° +ethanol. Then, the endogen 
peroxidase activity was blocked by incubation in 
hydrogen peroxide for 15 min, and the sections 
were heated in ethylenediaminetetraacetic 
acid (EDTA) solution of pH 8.1 in a microwave 
pressure cooker for 20 min. Next, the slides 
were left in the same solutions for 20 min at 
room temperature, following which they were 
incubated by UV blockage for 20 min. The 
sections were incubated for another 2 h with 
CD31 antibodies (rabbit polyclonal, Cat. #RB-
10333-R7, Thermo Scientific, USA), CD105 
antibodies (mouse monoclonal clone HZ52, 
Neomarkers, USA), VEGF (mouse monoclonal 
clone 2D2, Neomarkers, USA), and sFlt-1 
(mouse monoclonal clone 8C8, Neomarkers, 
USA) at room temperature under damp 
conditions. Then, the sections were incubated 
in order for 20 min using a binding solution 
(link), for 20 min in streptavidin peroxidase, and 
for 20 min in AEC chromogen. Finally, Mayer 
hematoxylin was used for counterstaining for 
1 min. All sections were rinsed with phosphate 
buffered saline (PBS) solution after each step.

The microvessel density was determined 
by counting the number of microvessels 
stained with CD31 and CD105 (Figure 1) in 
an entire 1-mm core. In addition to capillaries 
and venules stained with CD31 and CD105+, 
accumulated endothelial cells without lumen 
and individually spreading endothelial cells 
were also counted. VEGF (Figure 2) and sFlt-1 
(Figure 3) expressions were semiquantitatively 
evaluated by measuring the histological score 
(H score) according to the method described by 
Donnez et al. [19]. The histological scores were 
calculated using the intensity and percentage 
of staining. The intensity of staining was scored 
from 0 (-) to 3 (intensely stained cells). The 
percentage of staining was scored as 1 (<15%), 
2 (15%–50%), 3 (50%–85%), 4 (>85%), and 5 
(100%). The H score is obtained as the product 
of these two scores.

All sections were examined by the same 
pathologist (HO), and the pathologist was not 
aware of what group the sections belonged 
to. Renal sections were stained with H&E 
and PAS, and glomerular endotheliosis was 
semiquantitatively analyzed under a microscope. 
For this evaluation, 100 randomly chosen 
glomerules were used, and histopathological 
changes such as endothelial swelling (ES), 
capillary loop occlusion (CO), and protein 
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droplets (PD) were graded, as shown in Figure 
4 [20]. The following grading was used: grade 
0=normal; grade 1=mild CO, no PD; grade 
2=mild CO, <25% PD; grade 3=severe CO, 
<50% PD; and grade 4=tremendous CO, >50% 
PD.

Figure 1. CD105 immunostaining, 400 x 
magnification

Figure 2. VEGF immunostaining, 100 x 
magnification

Figure 3. sFlt-1 immunostaining, 40 x 
magnification

Figure 4. Protein droplets, image of renal 
glomerular endotheliosis. H&E staining, 400 X

The data were analyzed using Microsoft 
Statistical Package for Social Sciences (SPSS) 
for Windows version 22.0. The Mann–Whitney 
U test was conducted to analyze continuous and 
discrete ordinal variables. A Wilcoxon signed 
rank test was used to compare continuous 
variables measured on two different occasions. 
p<0.05 was considered statistically significant.

Ethics Committee Approval: Ethics committee 
approval was received for this study from the 
ethics committee of Cumhuriyet University, 
Sivas, Turkey

Informed Consent: N/A.

Results

VEGF was significantly lower in 
bevacizumab-treated pregnant rats than in the 
controls (p = 0.038) (Table 1). By contrast, the 
sFlt-1 concentration was found to be significantly 
higher in bevacizumab- treated pregnant rats 
than in the controls (p=0.015). With regard to 
the biochemical parameters, there were no 
differences in AST, ALT, BUN, creatinine, and 
proteinuria levels between the two groups (p ˃ 
0.05). Although the blood pressures on D0 were 
similar between the bevacizumab- treated and 
control groups (p˃0.05), both systolic (p=0.050) 
and diastolic (p=0.046) blood pressures were 
found to be significantly higher in bevacizumab-
treated pregnant rats than in the controls. 
With regard to the systolic and diastolic blood 
pressures and the proteinuria levels measured 
on D0 and D20, the Wilcoxon signed rank 
test did not reveal a statistically significant 
difference on two occasions in the control group. 
Similarly, the maternal blood pressures of the 
bevacizumab-treated pregnant rats on D0 and 
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D20 were found to be comparable. However, 
bevacizumab-treated pregnant rats showed a 
statistically significant increase in proteinuria on 
D20 compared to that on D0 (p=0.026)  (Table 
1).

The maternal weight and weight gain on 
D0 and D20 were comparable between the 
bevacizumab-treated pregnant rats and the 
controls (p˃0.05) (Table 2). Similarly, there were 
no significant differences in the number of pups 
per litter and the mean fetal weight between the 
two groups (p˃0.05). The immunohistochemical 
evaluation of the placental sections revealed 
that the microvessel density was comparable 
between the bevacizumab-treated pregnant 
rats and the controls (p˃0.05). Moreover, the 
glomerular endotheliosis scores obtained from 
the histopathological evaluation were found to 
be similar between the two groups (p>0.05). 
Although there was no significant difference 
in placental VEGF (p ˃ 0.05), placental sFlt-
1 expression was significantly higher in the 
bevacizumab-treated pregnant rats than in the 
controls (p=0.050) (Table 2).

Discussion

Because preeclampsia occurs only 
in humans and primates, no appropriate 
rodent model is available for this disease. 

Therefore, understanding the pathogenesis of 
preeclampsia remains challenging [21]. The 
imbalance of angiogenesis (elevated sFlt-1 and 
decreased PIGF and VEGF) owing to genetic, 
immunologic, and undefined factors might 
cause placental hypoxia, thereby starting a 
vicious cycle that results in preeclampsia [22]. 
The spontaneous or induced therapeutic effects 
of VEGF on hypertension and renal dysfunction 
have been reported previously [20, 23]. Thus, 
VEGF, which plays a crucial role in angiogenesis, 
might be the main pathophysiologic mechanism 
for this disease. It is known that invasive 
cytotrophoblasts secrete VEGF, PlGF, and 
sFlt-1. Zhou et al. found that the excretion of 
these proteins is impaired in preeclampsia [24]. 
Insufficient invasion of cytotrophoblasts might 
disrupt this pathway in the early gestational 
weeks of preeclamptic women [25]. Suramin, 
an angiogenesis inhibitor, has been used to 
realize a preeclampsia model for 10 years [15, 
16, 26]. In this model, endothelial dysfunction, 
the major factor in the physiopathology of 
preeclampsia, was demonstrated [27]. Although 
bevacizumab is the first antiangiogenic agent 
that has been used systemically, its effects on 
pregnant rats have not yet been studied. This 
model might be advantageous in that there was 
no direct intervention to VEGF receptors. When 
compared with the model in which the sFlt-

Table 1. Comparison of blood pressures, proteinuria and biochemical parameters between 
bevacizumab-treated pregnant rats and the control group

Control Group 
(n=8)

Bevacizumab Group 
(n=8)

p value

Blood VEGF (pg/ml) 28.84±13.83 15.31±17,62 0.038

Blood Sflt-1 (pg/ml) 108.11±26.50 168.47±59,87 0.015

AST (U/L) 146.87±29,31 162.25±22.48 0.382

ALT (U/L) 76.75±22.46 83.87±10.92 0.328

BUN (mg/dl) 18.75±4.92 21.00±3,77 0.382

Creatinine (mg/dl) 0.31±0.04 0.36±0.06 0.105

Systolic blood pressure (mm Hg) D0
120.87±6.89a 126.25±6.94a 0.130

D20
120.62±11.09 132.37±14.16 0.050

Diastolic blood pressure (mm Hg) D0
78.62±5.04a 83.37±6.69a 0.195

D20
78.00±3.81 84.75±7.62 0.046

Proteinuria D0
0.13±0.23a 0.13±0.23b 1.000

D20
0.50±0.46 0.88±0.64 0.084

VEGF, vascular endothelial growth factor; Sflt-1, soluble fms-like tyrosine kinase 1, AST, aspartate aminotransferase, ALT, alanine transaminase, 
BUN, blood urea nitrogen. Mann-Whitney U test and Wilcoxon Signed Rank Tests were used for analysis. Data are presented as mean ± SD. 
Boldface data indicates statistical significance (p<0.05).  

a p ˃0.05, D0 vs. D20,  
b p =0.026, D0 vs. D20 
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Table 2. Comparison of fetal-maternal weight, histopathology and immunohistochemical results 
between bevacizumab-treated pregnant rats and the control group.  

Control Group
(n=8)

Bevacizumab Group
(n=8)

p value

Maternal weight (gr) D0             
213.38±6.93a 213.50±5.71a 0.959

D20
242.50±7.65 240.25±10.36 0.878

Maternal weight gain (gr) (D20-D0) 29.13±4.73 26.75±7.30 0.505

Number of pups per litter 7.5±0.92 7.37±0.74 0.878

Mean fetal weight (gr) 2.19±0.19 2.00±0.17 0.274

Placental VEGF 6.31±4.54 5.55±3.64 0.328

Placental Sflt-1 5.62±4.14 8.12±4.82 0.050

Placental CD31 85.31±5.96 81.93±4.55 0.328

Placental CD105 83.81±6.48 80.56±5.80 0.234

Glomerular endotheliosis 1.75±0.71 1.88±0.84 0.798

VEGF, vascular endothelial growth factor; Sflt-1, soluble fms-like tyrosine kinase 1. Mann-Whitney U test and Wilcoxon Signed Rank Tests were 
used for analysis. Data are presented as mean ± SD. 
Boldface data indicates statistical significance (p<0.05).   
a p =0.012, D0 vs. D20

1 level is elevated by indirect VEGF inhibition 
owing to adenoviral transfer, it seems much 
easier and more specific.

In our study, lower serum VEGF as well 
as higher sFlt-1 levels were observed in 
bevacizumab-treated pregnant rats. We also 
found that bevacizumab-treated pregnant rats 
had significantly higher systolic and diastolic 
blood pressures compared to the controls. 
Additionally, the bevacizumab-treated group 
showed a significant increase in proteinuria on 
D20 compared to that on D0. Although higher 
serum AST, ALT, BUN, and creatinine levels 
and renal glomerular endotheliosis scores as 
well as lower placental VEGF and microvessel 
density were noted in bevacizumab-treated 
rats, these differences were not statistically 
significant in our study. Consequently, a post 
hoc, two-sided sample size calculation was 
performed. The results show that a sample 
size of 12-16 rats in each group is needed to 
realize a power of 80% with alpha error level 
of 5% for biochemical parameters, glomerular 
endotheliosis, and microvessel density. Thus, 
the present sample size might not be enough 
to demonstrate small differences in these 
variables. As the implantation of the hatched 
rat blastocyst was previously shown to occur 
on the 5th day of pregnancy [28], in our study, 

the initial bevacizumab dose was administered 
on the 4th day just before implantation. With 
regard to dose assignment, a few recent studies 
have investigated the intraperitoneal use of 
bevacizumab [29-32]. In a previous study, healthy 
rabbits underwent a standardized procedure 
of debulking surgery and were randomized to 
receive intraperitoneal bevacizumab (25 mg/kg) 
or placebo [30]. It was found that the plasma 
concentration of bevacizumab increased to a 
peak level at 24 h post-administration. However, 
interestingly, bevacizumab was not detected in 
the plasma of animals in which surgery was not 
performed. Pavlidis et al. evaluated the effect 
of intraperitoneal 5 mg/kg bevacizumab on an 
abdominal wound healing model in rats. They 
did not observe any significant effect when 
evaluating this low dosage [32]. In contrast, 
a much lower dose of bevacizumab (2.5mg/
kg) was demonstrated to be effective in cecal 
abrasion and uterine horn models for evaluating 
postoperative bands [29, 31]. Consequently, the 
results of previous studies on the effectiveness 
of intraperitoneal usage of bevacizumab 
are considered conflicting. Therefore, we 
considered previous studies’ outcomes and 
decided to use a higher dose than that used 
in the adhesion [29] and a lower dose than 
that used in debulking surgery models [30]. 
Furthermore, bevacizumab was administered 
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two times, as in previous adhesion models. 
Despite these measures, the bevacizumab 
(10 mg/kg) administered two times might still 
be insufficient to realize a complete model 
mimicking the maternal and fetal condition of 
preeclampsia. This might be because our rats 
had no peritoneal defects that prevented efficient 
absorption and adequate concentrations of 
the drug in rats’ serum. To solve this problem, 
higher doses (e.g., 25 mg/kg) or alternative drug 
administration routes could be used. Measuring 
the serum bevacizumab concentrations could 
justify the adequate dose as well.

This study demonstrates that bevacizumab 
treatment reduces the circulating levels of 
VEGF and increases those of sFlt-1. This is 
followed by proteinuria and hypertension, in turn 
resulting in a maternal condition in pregnant 
rats that resembles human preeclampsia. 
Dose response studies and the evaluation 
of alternative administration routes for 
bevacizumab are still required to clarify all the 
key features of the disorder.

Conflict of Interest: No conflict of interest was 
declared by the authors.
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