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Abstract 

Background: Preeclampsia (PE) is a serious multisystem disorder that ranks among the leading causes 

of maternal and neonatal morbidity and mortality. The condition is characterized by an angiogenic 

imbalance, which has adverse effects on fetal development and contributes to an increased risk of 

cardiovascular disease in the long term. This study aims to explore the connection between sterile 

inflammation mediated by HMGB1 and angiogenic imbalance in PE by examining key markers such 

as HMGB1, VEGF, Decorin, and TGF-β. 

Methods: In an animal model of PE, we measured the levels of HMGB1, VEGF, Decorin, and TGF-β 

in plasma, placenta, and heart tissues using ELISA. Additionally, Decorin levels were assessed through 

immunofluorescence in trophoblasts. 

Results: We found that levels of Decorin and TGF-β were significantly elevated in the plasma, placenta, 

and heart tissues of PE animals compared to non-pregnant and pregnant controls, whereas VEGF levels 

were reduced. Treatment with Glycyrrhizic acid (GA) restored the expression levels of these markers 

to more normalized values in the PE groups. 

Conclusion: Our findings indicate that HMGB1 plays a critical role in preeclampsia by mediating the 

upregulation of anti-angiogenic factors like Decorin and the downregulation of angiogenic factors like 

VEGF. This study highlights a significant correlation between HMGB1 and Decorin in driving the 

angiogenic imbalance that contributes to the pathophysiology of PE. 

 

Keywords: Angiogenesis Inhibitors, Cardiovascular Diseases, Decorin, Transforming Growth Factor 
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Introduction 
Preeclampsia (PE) is a complex, multisystem 

disorder characterized by hypertension that 

significantly contributes to maternal and 

neonatal morbidity and mortality worldwide 

(1, 2). According to the World Health 

Organization, approximately 16% of maternal 

deaths are attributable to preeclampsia and 

related gestational hypertensive disorders (3). 

However, effective prevention and treatment 

strategies have not yet been established, and 

the only substantial treatment strategy thus far  

 

 

is the delivery of placenta (4). Despite 

extensive research, the precise etiology of PE 

remains elusive. It is widely accepted that 

inadequate trophoblast invasion plays a 

pivotal role in the pathogenesis of PE. The 

disorder is believed to stem from severe 

placental dysfunction, characterized by 

defective spiral artery remodeling and poor 

extravillous trophoblasts (EVTs) invasion 

which are driven by early angiogenic 

imbalances and inflammatory disorders (5-7) 
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During a typical pregnancy, the maternal 

circulatory system undergoes significant 

physiological changes to support the 

growing fetus. These changes include 

increased intravascular volume and a notable 

reduction in vascular resistance, resulting in 

a slight decrease in arterial blood pressure 

compared to nonpregnant levels and an 

enhanced glomerular filtration rate (8-10). A 

key process in this adaptation is 

angiogenesis, which is tightly regulated by a 

balance of endogenous angiogenic and 

angiostatic factors (11). Disruption of this 

balance is believed to contribute to the 

pathogenesis of preeclampsia. In particular, 

the anti-angiogenic factor soluble fms-like 

tyrosine kinase-1 (sFlt1), which is 

overexpressed in the placenta during 

preeclampsia, antagonizes the effects of 

vascular endothelial growth factor (VEGF) 

and placental growth factor (PlGF), leading 

to increased peripheral vascular resistance 

and elevated arterial pressure (12). The 

regulatory effects of decidua-derived 

transforming growth factor beta (TGF-β) and 

Decorin (DCN) play an important role in 

EVT proliferation, migration, and invasion 

(13). DCN, a small leucine-rich proteoglycan 

secreted by stromal cells, including 

endometrial and chorionic villous interstitial 

cells, plays a crucial role in regulating 

angiogenesis. By binding to VEGF receptor-

2 (VEGFR-2) on EVTs, DCN inhibits cell 

proliferation and angiogenesis, suggesting 

that it may contribute to the pathophysiology 

of PE through these mechanisms (14).  

Vascular endothelial growth 

factor (VEGF), a potent pro-angiogenic 

factor, stimulates angiogenesis by recruiting 

stromal cells that support this process and 

secrete additional VEGF (15). Along with 

TGF-β, DCN acts as a negative regulator of 

angiogenesis by blocking VEGF, which is 

essential for the stabilization of endothelial 

cells in mature blood vessels (16). The 

impaired angiogenesis in preeclampsia, 

therefore, has significant implications for 

maternal and fetal health. Clinically, 

preeclampsia is often marked by atypical 

signs and rapid disease progression, which 

creates challenges in diagnosis and 

management. Moreover, the angiogenic 

imbalance observed in preeclampsia is 

associated with an increased long-term risk 

of cardiovascular disease (CVD) in affected 

women. 

This study explores the potential link 

between sterile inflammation, mediated by 

high-mobility group box 1 (HMGB1) and the 

angiogenic imbalance observed in 

preeclampsia. Understanding this connection 

could provide new insights into the 

pathogenesis of preeclampsia (PE) and 

highlight novel therapeutic targets for 

mitigating the long-term cardiovascular risks 

associated with this disorder. 

Materials and Methods 
Animals 

Wistar rats (250–300 g) were procured from 

the animal house, Jamia Hamdard, New 

Delhi. All the experiments were performed 

after permission from the Institutional 

Animal Ethical Committee (IAEC) of Jamia 

Hamdard, New Delhi, India. We adhered to 

the standards of the Committee for Control 

and Supervision of Experiments on Animals 

(CPCSEA), Government of India. During the 

experiment, the rats were kept in a room with 

a constant temperature, humidity, and light 

cycle (12 hours of light and 12 hours of 

darkness). They had free access to tap water 

and food provided ad libitum.  

The animal model of preeclampsia was 

developed as described by Huma et al (17) 

and organs were harvested after perfusion. 

The plasma was separated from blood by 

centrifugation at 625 G and stored at -20 °C 

till further use. One part of the placenta and 

heart was snap-frozen in liquid nitrogen 

immediately after collection for further 

processing, and the other part was fixed in 

10% formalin for sectioning. 

Preparation of tissue lysate 

The target tissues (heart and placenta) were 

dissected with sterile instruments on ice as 

quickly as possible to avoid protease 
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degradation, and stored in microcentrifuge 

tubes with a circular bottom stored at -80 °C. 

The frozen samples were weighed and for 

100 mg tissue samples 1 ml of ice-cold RIPA 

buffer, 0.5 ml Phenyl methane sulfonyl 

fluoride PMSF (Sigma, Catalog No # 329-

98-6, USA), and 1µl 100X Protease Inhibitor 

cocktail (PIC) (Sigma, Catalog No # P8849-

1ML USA) was added and homogenized 

with an electric homogenizer. After 

homogenization, prepared tissue lysate was 

centrifuged at 30,000 G for 20 minutes and 4 

°C. The supernatant was aspirated and 

transferred to a new tube, which was also 

maintained on ice. This lysate is further 

processed for Enzyme-Linked 

Immunosorbent Assay (ELISA) as per the 

manufacturer’s instructions. 

Estimation of angiogenic/anti-angiogenic 

markers  

ELISA was performed to estimate the level 

of inflammatory markers such as HMGB1 

(Catalog No # E-EL-R0505, USA), VEGF 

(Catalog No # E-EL-R2603, USA), TGF-β 

(Catalog No # E-EL-R0084, USA), and DCN 

(Catalog NO # E-EL-R0321, USA). The kits 

for ELISA were procured from R & D 

Elabsciences (USA) and the assays were 

performed according to the manufacturer’s 

instructions. These kits recognize rat 

antibodies in the given samples. No 

significant cross-reactivity or interference 

between rat antibodies and analogs was 

noted. 

Immunofluorescence (IF) 

Placental tissues collected from normal 

pregnant and PE pregnant rats were fixed, 

sectioned, and fluorescence stained to 

visualize the expression of sterile 

inflammatory and endothelial dysfunction 

markers, specifically Decorin. 4′, 6-

diamidino-2-phenylindole (DAPI) (Sigma, 

Catalog No # 62247, USA) was used as a 

nuclear stain in all experiments. Following 

antigen retrieval, the sections were incubated 

in a blocking solution for 30 to 45 minutes at 

room temperature (5% bovine serum 

albumin and 0.3 percent Triton-X 100 in 

PBS). After adding primary antibodies, the 

slides were incubated at 4 °C overnight. 

Secondary antibodies were added and 

incubated at room temperature for 2 hours 

(about 25 °C), after which the nuclei were 

stained with DAPI. All immunofluorescence 

(IF) staining was done in complete darkness. 

Slides were prepared by photographing four 

to six random fields at 100 X magnification 

using Confocal Laser Scanning Microscopy 

(Leica Microsystems, Germany) model SPE 

(scale bar: 25 μm). 

Statistical Analysis 

Data are expressed as the mean ± the 

standard error of the mean (SEM). The 

statistical analysis of differences between 

experimental groups was performed by one-

way analysis of variance (ANOVA). A p-

value of <0.05 was considered statistically 

significant. Further statistical analysis was 

performed by Tukey’s multiple-comparison 

test. 

Results 
Measurement of HMGB1 in the heart 

To gain insights into the role of HMGB1 in 

mediating CVDs in LNAME-induced 

preeclamptic rats, the expression of HMGB1 

was detected in the heart tissue of rats from 

all groups. The expression of HMGB1 was 

increased in the hearts of PE rats and was 

significantly reduced by GA treatment (Fig. 

1).  
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Fig. 1. Expression of HMGB1 in heart tissue of nonpregnant (control), pregnant (Preg Ctrl), pregnant + L-NAME (PE), and 

Preeclamptic + GA (PE+GA) rats. L-NAME and GA stand for NG-nitro-L-arginine-methyl-ester and Glycyrrhizic acid 

respectively. Values are expressed as Mean ± SEM. The result is significant with*p-value<0.05, **p-value < 0.01 as compared 

to control; #p-value <0.05, ##p-value <0.01 as compared to Preg Ctrl; and $p-value <0.05, $$p-value < 0.01 as compared to PE.  
 

Measurement of VEGF  

Vascular endothelial growth factor (VEGF) 

levels in the plasma (Fig. 2A), placenta (Fig. 

2B), and heart (Fig. 2C), of the L-NAME 

induced animal model (PE) (plasma: 147.94 ± 

5.74 pg/ml, placenta: 210.5 ± 4.9 pg/ml, and 

heart: 91.93 ± 3.14 pg/ml *p-value <0.05) 

non-pregnant control (Ctrl) (plasma: 195.22 ± 

2.6 pg/ml, Placenta: NA , and heart:124.4 ± 

4.3 pg/ml, *p-value <0.05), pregnant control 

(Preg Ctrl) (plasma: 220.8 ± 8.6 pg/ml, 

placenta: 314.2 ± 7.3 pg/ml, and heart: 135.2 

± 4.6 pg/ml, *p- value < 0.05), and PE rats  

 

administered with GA (PE+GA) 

(plasma:198.89 ± 4.4 pg/ml, placenta: 279.99 

± 6.03 pg/ml, and heart: 109.5 ± 3.75 pg/ml, 

*p-value <0.05) were estimated to investigate 

the potential role of HMGB1 in establishing 

an anti-angiogenic state in PE. Compared 

with the non-pregnant and pregnant control 

groups, decreased VEGF level expression 

was observed in PE groups. GA treatment 

further increased the expression of VEGF in 

PE groups in the plasma, placenta, and heart 

of the animal models. 

 
Fig. 2. Estimation of VEGF in the (A) plasma, (B) placenta, and (C) heart tissue of the L-NAME-induced animal model of PE 

in nonpregnant (control), pregnant (Preg Ctrl), pregnant + L-NAME (PE), and Preeclamptic + GA (PE+GA) rats. L-NAME 

and GA stand for NG-nitro-L-arginine-methyl-ester and Glycyrrhizic acid respectively. Values are expressed as Mean ± SEM. 

The result is significant with*p-value<0.05, **p-value < 0.01 as compared to control; #p-value <0.05, ##p-value <0.01 as 

compared to Preg Ctrl; and $p-value <0.05, $$p-value < 0.01 as compared to PE. Abbreviations are explained in the text. 
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Measurement of TGF-β  

The central role of HMGB1 in an angiogenic 

imbalance in PE was investigated by 

evaluating the TGF-β levels in the plasma 

(Fig. 2A), placenta (Fig. 2B), and heart (Fig. 

2C), of the L-NAME induced animal model 

(PE) (plasma:117.55 ± 3.11 pg/ml, placenta: 

45.13 ± 0.83 pg/ml, and heart: 23.71 ± 0.76 

pg/ml, *p-value <0.05) non-pregnant control 

(Ctrl) (plasma: 25.9 ± 0.4 pg/ml placenta: NA, 

and heart: 5.11± 0.3 pg/ml, *p-value <0.05), 

pregnant control (Preg Ctrl) (plasma: 36.59 ± 

1.06 pg/ml, placenta: 16.9 ± 0.23 pg/ml, and 

heart: 12.75 ± 0.6 pg/ml, *p-value <0.05) and 

PE rats administered with GA (PE+GA) 

(plasma: 64.71 ± 0.33 pg/ml, placenta: 24.0 ± 

1.7 pg/ml, and heart: 19.87 ± 0.79 pg/ml, *p-

value <0.05 ). Compared with the non-

pregnant and pregnant control group, 

increased TGF-β expression was observed in 

the PE groups. GA treatment decreased 

expression of TGF-β in PE groups.  

 

 
Fig. 3. Estimation of TGF-β in the (A) plasma, (B) placenta, and (C) heart tissue of the L-NAME-induced animal model 

of PE in nonpregnant (control), pregnant (Preg Ctrl), pregnant + L-NAME (PE), and Preeclamptic + GA (PE+GA) rats. 

L-NAME and GA stand for NG-nitro-L-arginine-methyl-ester and Glycyrrhizic acid respectively. Values are expressed 

as Mean ± SEM. The result is significant with*p-value<0.05, **p-value < 0.01 as compared to control; #p-value <0.05, 
##p-value <0.01 as compared to Preg Ctrl; and $p-value <0.05, $$p-value < 0.01 as compared to PE. Abbreviations are 

explained in the text. 

 

Measurement of decorin 

The potential role of HMGB1 in mediating 

angiogenic imbalance in the PE animal model 

was assessed by evaluating decorin levels in 

the plasma (Fig. 4A), placenta (Fig. 4B), and 

heart (Fig. 4C) of the L-NAME induced 

animal model (PE) (plasma: 14.1 ± 1.003 

pg/ml, placenta: 22.2 ± 0.95 pg/ml, and heart: 

29.11 ± 1.95 pg/ml, *p-value <0.05), non-

pregnant control (Ctrl) (plasma: 2.643 ± 0.45 

pg/ml, placenta: NA, and heart: 9.34 ± 0.71 

pg/ml, *p- value <0. 05), pregnant control 

 

(Preg Ctrl) (plasma: 3.08 ± 0.5 pg/ml, 

placenta: 3.5 ± 0.54 pg/ml, and heart: 16.91 ± 

1.66 pg/ml, *p-value <0.05), and PE rats 

administered with GA (PE+GA) (plasma: 7.5 

± 0.52 pg/ml, placenta: 15.98 ± 1.07 pg/ml, 

and heart: 20.36 ± 1.1 pg/ml, *p-value <0.05) 

. Compared with the nonpregnant and 

pregnant control groups, increased decorin 

level expression was observed in the PE 

groups. GA treatment decreased expression in 

PE groups. 
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Fig. 4. Estimation of decorin in the (A) plasma, (B) placenta, and (C) heart tissue of the L-NAME-induced animal 

model of PE in nonpregnant (control), pregnant (Preg Ctrl), pregnant + L-NAME (PE), and Preeclamptic + GA (PE+GA) 

rats. L-NAME and GA stand for NG-nitro-L-arginine-methyl-ester and Glycyrrhizic acid, respectively. Values are 

expressed as Mean ± SEM. The result is significant with*p-value<0.05, **p-value < 0.01 as compared to control; #p-

value <0.05, ##p-value <0.01 as compared to Preg Ctrl; and $p-value <0.05, $$p-value < 0.01 as compared to PE. 

Abbreviations are explained in the text. 

 

Expression of decorin 

Decorin protein was expressed in the 

placentae of both Preg Ctrl and PE rats, as 

shown by the red immunofluorescence 

staining in the trophoblast layer of the 

placenta (Fig. 5). We observed that the 

expression of decorin was mostly 

extracellular in PE placentae (Fig. 5e) while 

in Preg Ctrl, the expression was intra-nuclear 

(Fig. 5b) as shown by merged images of DAPI 

and red immunostaining. It is evident from the 

IF studies that the decorin expression was 

attenuated by GA administration in the 

trophoblasts of PE+ GA rats (Fig. 5h). 

 

 
Fig. 5. Expression of decorin in placentae by IF in placentae of pregnant (Preg Ctrl), pregnant + L-NAME (PE), and 

Preeclamptic + GA (PE+GA) groups. Nuclear (blue) staining by DAPI (a, d, g), (a, d, g), (a, d, g), and expression of 

HMGB1 (b, e, h) by red. (c, f, i) panels are merged images of decorin and DAPI staining. The yellow arrowheads indicate 

extranuclear expression of decorin, which is attenuated by GA, as depicted in panel (i). Scale bar: 25 µm. 
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Discussion 
In our study, we observed that the levels of 

angiogenic and anti-angiogenic markers were 

significantly altered in the plasma, placenta, and 

heart tissues in the L-NAME-induced animal 

model of preeclampsia. These findings align 

with previous studies that have similarly 

reported an imbalance in these markers as a 

hallmark of preeclampsia, contributing to 

placental dysfunction and maternal systemic 

complications. The increase in 

proinflammatory cytokines and antiangiogenic 

factors observed in our model mirrors the 

progressive immune activation characteristic of 

preeclampsia, as documented in the literature 

(7). Notably, our results also underscore the 

long-term cardiovascular risks associated with 

preeclampsia, as evidenced by alterations in 

markers expressed in heart tissue such as 

HMGB1, DCN, VEGF, and TGF-β, which 

correlate with findings in other studies that 

linking preeclampsia to future cardiovascular 

disease in affected mothers (18).  

Our study demonstrates a significant 

association between preeclampsia and an 

imbalance of angiogenic and anti-angiogenic 

factors, which not only affect placental 

function but also has systemic effects, 

particularly on the cardiovascular system. 

Previous studies demonstrate that an 

appropriate balance of pro- and anti-

angiogenic factors is needed to regulate blood 

vessel formation and to maintain vascular 

function in PE (19, 20). Our findings highlight 

the role of HMGB1, DCN, TGF-β, and VEGF 

in mediating this imbalance, contributing to 

the pathophysiology of preeclampsia and its 

associated complications. 

The remodeling of uterine arteries into high-

volume, low-resistance vessels during early 

pregnancy are crucial for proper placental 

function. Defects in this process leads to 

placental ischemia and injury, triggering the 

release of inflammatory molecules like 

HMGB1 as described by Staff et al (21). 

Consistent with previous studies, we observed 

elevated HMGB1 levels in the heart tissues of 

L-NAME-induced PE rats.  

Further investigation into the role of DCN 

revealed its contribution to the angiogenic 

imbalance observed in PE. Our study 

underscores the importance of DCN in the 

pathogenesis of preeclampsia. The increased 

levels of DCN observed in the plasma, 

placenta, and heart tissues of PE rats 

emphasize the role of DCN in disrupting the 

delicate balance needed for normal 

placentation and vascular remodeling. These 

findings are in agreement with the studies by 

Lala and Nandi, which demonstrate that DCN 

is crucial for regulating EVT cell functions and 

maintaining the balance of trophoblast and 

decidual cell differentiation which is essential 

for proper spiral artery remodeling (22). In our 

study, we found that DCN and TGF-β levels 

were significantly increased in PE rats, 

suggesting their role in mediating the anti-

angiogenic environment characteristic of the 

condition. Notably, when HMGB1 was 

blocked using GA, the levels of DCN and 

TGF-β were alleviated, indicating that 

HMGB1 regulates DCN expression in the 

placenta and its release into the extracellular 

milieu (23). In this study, we observed a 

significant increase in the levels of anti-

angiogenic markers DCN and TGF-β in PE 

rats, which were subsequently reduced in PE 

rats treated with GA, an HMGB1 inhibitor. 

These findings suggest that HMGB1 plays a 

regulatory role in the expression and 

extracellular release of DCN in the placenta. 

Additionally, VEGF, a crucial pro-angiogenic 

factor known for its role in maintaining 

endothelial and vascular health, was markedly 

decreased in the plasma and placenta of PE 

rats. This reduction is consistent with existing 

evidence linking VEGF antagonism to 

hypertension and proteinuria, as VEGF 

typically promotes the production of nitric 

oxide and vasodilatory prostacyclins, which 

help lower blood pressure and reduce vascular 

tone (24). Importantly, the restoration of 

VEGF levels in GA-treated PE rats further 

supports the hypothesis that HMGB1 mediates 

the upregulation of anti-angiogenic factors like 

DCN while downregulating angiogenic factors 

such as VEGF. These findings highlight a clear 
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correlation between HMGB1 and DCN in 

driving the angiogenic imbalance contributing 

to the pathophysiology of PE. 

Studies reveal that preeclampsia is 

associated with a significantly increased risk 

of future cardiovascular diseases, including 

coronary heart disease, heart failure, and stroke 

(25). Research by Huma et al. has also 

identified cardiac hypertrophy in PE models 

(17). The presence of cardiovascular 

complications both during and after pregnancy 

suggests that the cardiovascular system may be 

more than just a casualty of preeclampsia's 

poor placentation; it could also play a 

significant role in the disease's pathogenesis. 

Our findings further corroborate this by 

demonstrating a direct association between 

preeclampsia and myocardial complications, 

such as elevated levels of decorin and fibrosis 

markers like TGF-β in the L-NAME-induced 

PE model.  

In conclusion, preeclampsia, a condition 

marked by trophoblast inflammation and 

placental hypoxia is further complicated by an 

angiogenic imbalance. This study focused on 

the role of HMGB1 in contributing to the 

angiogenic imbalance observed in 

preeclampsia and its related cardiovascular 

diseases. Our results indicate that elevated 

HMGB1 expression and its release from 

hypoxic trophoblasts play a critical role in 

upregulating decorin while downregulating 

VEGF, contributing to the angiogenic 

imbalance in preeclampsia. A range of factors 

likely influences the preeclampsia-associated 

phenotype, and our findings could pave the 

way for further research into the potential 

therapeutic use of HMGB1 inhibition to 

manage preeclampsia or related cardiovascular 

complications. 
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