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Abstract: Objective: To investigate the influence of intestinal flora imbalance on inflammatory factors in the serum
and vascular endothelial functionality in individuals with preeclampsia (PE). Methods: From January 2022 to De-
cember 2023, a total of 58 individuals with PE (PE group) and 60 healthy controls (CON group) were included in this
study; they were matched for age and pre-pregnancy Body Mass Index (BMI). A comparison was made between the
two groups in terms of the general data and the number of unique intestinal flora. Additionally, clinical blood mea-
sures, serum inflammatory factors, and vascular endothelial function were also assessed and compared between
the groups. Results: Age, gestational age, and pre-pregnancy BMI were similar between the PE and control group.
However, diastolic and systolic blood pressure were significantly higher in the PE group. The abundance of Lactoba-
cillus, Bifidobacterium, Enterobacter, and Enterococcus. Interleukin-6 (IL.-6) and tumor necrosis factor alpha (TNF-x)
were considerably higher in the PE group compared to the CON group, but Interleukin-4 (IL-4) was noticeably lower,
and the amount of White blood cells (WBC), neutrophil count (N) and lymphocyte count (L) in the PE group were sig-
nificantly higher than those in the CON group. In the PE group, serum vascular endothelin (ET) and soluble endoglin
(sEng) were higher than in the CON group, vascular endothelial growth factor (VEGF) and nitric oxide (NO) levels were
considerably lower than in the CON group, and the levels of TC, TG, LDL-C and HDL-C were significantly higher in the
PE group than in the CON group. The presence of Lactobacillus and Bifidobacterium was inversely associated with
levels of TNF-q, IL-6, Interleukin-10 (IL-10), ET, and sEng, and positively associated with levels of IL-4, VEGF, and NO.
Nevertheless, there was a positive correlation between the abundance of Enterobacterium and Enterococcus with
the levels of TNF-q, IL-6, IL-10, ET, and sEng. Conversely, there was a negative correlation between the abundance
of Enterobacterium and Enterococcus and the levels of IL-4, VEGF, and NO. Conclusion: Patients with PE exhibited
dysbiosis of intestinal flora, characterized by altered gut microbiota diversity, increased serum pro-inflammatory fac-
tors, and impaired vascular endothelial function.
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Introduction

Pre-eclampsia (PE) is a multi-system disorder
that occurs during pregnancy and affects 3%
to 5% of pregnant women, making it a lead-
ing cause of increased maternal and perinatal
mortality [1, 2]. PE can cause renal failure,
acute pulmonary oedema, stroke, hyperten-
sion, and metabolic syndrome in pregnant
women [3, 4]. Studies have revealed that oxi-
dative stress, aberrant lipid metabolism, and
other factors may cause PE, and damage to

endothelial cell activation, but the exact patho-
genesis is not clear [5]. PE is associated with an
increase in cytokines that promote inflamma-
tion and growth factors accompanied by endo-
thelial dysfunction, which ultimately leads to a
persistent inflammatory response outcome [6].

Intestinal flora dysbiosis can disrupt intestinal
barrier, cause bacterial translocation, and in-
duce systemic inflammation, leading to the
onset and progression of various diseases,
such as preeclampsia, atherosclerosis, intrahe-
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patic cholestasis in pregnancy, and pregnancy-
associated hypothyroidism [7, 8]. Studies have
suggested that dysbiosis in PE patients is as-
sociated with an increase in intestinal flora that
promotes inflammatory responses. This altered
flora and its metabolites modulate the body’s
immune cells and cause an elevation of pro-
inflammatory factors [9]. When pro-inflammato-
ry factors outweigh anti-inflammatory factors, it
leads to vascular endothelial cell contraction
and endothelial dysfunction, exacerbating sys-
temic inflammatory response [10].

Recent studies [11, 12] have shown that PE
development is closely related to intestinal
flora, and compared to normal pregnant wo-
men, those with PE have markedly different gut
microbiota. In addition, the main symptoms of
PE, such as hypertension, proteinuria and asso-
ciated inflammation, can also be traced to dif-
ferent gut bacteria separately. This study aims
to explore how gut dysbiosis affects gut micro-
biota and inflammatory markers in PE patients,
providing a theoretical basis for the formulation
of new strategies for PE management.

Materials and methods
Study population

This retrospective study was approved by the
Ethics Committee of Xingtai People’s Hospital,
Affiliated Hospital of Hebei Medical University.
The study involved 118 singleton pregnant
women from Xingtai People’s Hospital Affiliat-
ed with Hebei Medical University between
January 2022 and December 2023, including
58 pregnant women who were diagnosed with
preeclampsia (PE group) after 20 weeks of
pregnancy, and 60 healthy pregnant women
with similar age and pre-pregnancy Body Mass
Index (BMI) serving as the control group (CON).
The study followed the standards for diag-
nosing and treating hypertensive diseases in
pregnancy.

Inclusion criteria: 1) Singleton intrauterine
pregnancy; 2) Gestational age between 20-41
weeks; 3) Age between 20-45 years; 4) Ab-
sence of psychiatric disorders; 5) Regular ante-
natal checkups with complete clinical data.

Exclusion criteria: 1) Renal insufficiency or
hypertension; 2) History of intestinal surgery
prior pregnancy; 3) Comorbid acute or chronic
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gastrointestinal disorders; 4) Presence of other
serious pregnancy complications.

For all participants, data on age, number of
deliveries, pre-pregnancy weight, height, BMI,
systolic blood pressure (SBP), and diastolic
blood pressure (DBP) were recorded.

The level of intestinal flora was detected

Fresh fecal samples (1 g) were collected on the
second day after hospital the admission. The
samples were dissolved using an anaerobic
bacteria diluent and thoroughly mixed using an
oscillator. An appropriate amount of normal
saline was added to dilute the specimen, and
a 10-fold dilution gradient was applied to reach
a dilution of 107(-7). Fifty yL of diluted liquid
was inoculated onto a Lactobacillus culture
medium, Bifidobacterium culture medium, Es-
cherichia coli culture medium, Bacteroides cul-
ture medium, and Enterococcus culture medi-
um for culture. Both the aerobic and anaerobic
bacteria were cultivated in an incubator at
37°C for 24 and 48 hours, respectively. After
cultivation, the pathogenic bacteria were identi-
fied by the professional laboratory personnel of
our hospital according to the colony character-
istics, morphology and Gram staining results.
Additionally, the pathogenic bacteria were iden-
tified by mass spectrometer (LH-SH, Bruker,
USA) to the genus or species level. The number
of target colonies per gram of feces was calcu-
lated according to the colony count on the cul-
ture medium. The calculation formula: colony
number (logN/g) = average colony number x
dilution x 500.

Clinical blood index detection

In the morning, 5 mL of venous blood was col-
lected from the elbow of the subjects on an
empty stomach and centrifuged at 3000 r/min
for 10 min. Total cholesterol (TC), triglyceride
(TG), low-density lipoprotein cholesterol (LDL-C)
and high-density lipoprotein cholesterol (HDL-
C) were measured by automatic biochemical
analyzer (FX8, Toshiba, Japan). Additionally, we
took an additional 30 uL of peripheral blood
from the finger, which was mixed with EDTA
anticoagulant and was used to assess red
blood cell (RBC), hematocrit (HCT), white blood
cell (WBC), platelets (PLT), neutrophil count (N)
and lymphocyte count (L); which were detect-
ed by automatic blood cell analyzer (Sysmex5,
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Table 1. Baseline characteristics of the PE and CON groups

(X+SD)

the mean * standard deviation.
An unpaired two-tailed t-test or

PE(n=58) CON (n=60) Pvalue

ANOVA was used to determine

the statistical significance of dif-

Maternal age (years old) 32.563+6.17 32.78+6.70 0.834 ferences between srouns. Pear
Gravidity (N) 1.41+0.59 1.4+0.62 0.902 . g p. i

son correlation analysis was

Pre-pregnancy BMI (Kg/m?) 22.67+2.10 22.86+2.34 0.648 used to analyze the correlation

BP at fecal collection (mmHg) of gut microbiota with inflamma-

SyStO”C 159.84+8.92 118.68+7.76 <0.001 tory response and vascular en-

Diastolic 100.28+7.52 77.92+11.18 <0.001 dothelial function in preeclamp-

Note: BMI: body mass index; BP: blood pressure; PE: preeclampsia; CON: healthy

controls.

Japan). All samples were tested only after pass-
ing quality control.

Serum inflammatory factor assay

On the morning of the 2nd day after hospital
admission, fasting venous blood (5 mL) was
collected and stored in a blood collection tube
without antimicrobial agents. The blood was
centrifuged for 20 min (8,000xg). The serum
was then transferred to EP tubes for further
analysis. The levels of serum tumor necrosis
factor alpha (TNF-a) (KEOO154, Proteintech,
China), interleukin-6 (IL-6) (KEO0O139, Protein-
tech, China), interleukin-10 (IL-10) (KEOO170,
Proteintech, China), and interleukin-4 (IL-4)
(KEOOO16, Proteintech, China) were detected
using enzyme-linked immunosorbent assays
(ELISA).

Vascular endothelial function test

On the morning of the second day after admis-
sion, 5 mL of fasting venous blood was collect-
ed into a tube without antimicrobial agents.
The blood was centrifuged for 20 minutes at
8,000xg. The resulting serum was then divided
into EP tubes for further analysis. The levels
of vascular endothelial growth factor (VEGF)
(COIBO BIO, China, CB11542-Hu), vascular
endothelin (ET) (COIBO BIO, China, CB11084-
Hu), nitric oxide (NO) (COIBO BIO, China,
CB11614-Hu), and soluble endoglin (SEng)
(COIBO BIO, China, CB10919-Hu) levels were
detected using enzyme-linked immunosorbent
assays (ELISA).

Statistical analysis

SPSS 26.0 was used for all statistical analys-
es. Data visualization was carried out using
GraphPad Prism 8.0. Data were presented as
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sia patients. A P value less than
0.05 was considered to have
statistical significance.

Results
General information

There were no significant differences in age,
gestational age, and pre-pregnancy BMI bet-
ween the PE group and the CON group (P>0.05).
However, the SBP and DBP were significantly
higher in the PE group compared to the CON
group (all P<0.05), as shown in Table 1.

Comparison of intestinal flora levels

The abundance of intestinal flora in the PE
group was as follows: Lactobacillus (5.84+0.50
LogN/g), Bifidobacterium (6.15+1.60 LogN/g),
Enterobacter (9.73+2.41 LogN/g), and Entero-
coccus (9.91+1.46 LogN/g). In the CON, the
abundance of Lactobacillus, Bifidobacterium,
Enterobacter and Enterococcus was (7.71%
1.46) LogN/g, (9.85+1.82) LogN/g, (7.4+0.63)
LogN/g and (7.71+0.48) LogN/g, respectively.
Notable differences in the abundances of
Lactobacillus, Bifidobacterium, Enterobacter,
and Enterococcus were observed between the
two groups (all P<0.05), as Figure 1 illustrates.

Comparison of serum inflammatory factors

The results of serum inflammatory factor levels
showed that PE had considerably higher levels
of IL-6 and TNF-a compared to CON, whereas
CON had significantly lower serum levels of IL.-4
(all P<0.05). There was no statistically signifi-
cant difference in IL-10 levels between the
CON and PE groups (P>0.05), as Figure 2
illustrates.

Comparison of blood cell indexes

The results of routine blood test showed that
the count of WBC, N and L in the PE group were
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Figure 1. Comparison of the abundance of intestinal
flora between the two groups. A. Comparison of the
abundance of Lactobacillus. B. Comparison of the
abundance of Bifidobacterium. C. Comparison of
the abundance of Enterobacterium. D. Comparison
of the abundance of Enterococcus. **P<0.01. Note:
PE: preeclampsia; CON: healthy controls.

significantly higher than those in the CON (all
P<0.05). However, there were no statistical dif-
ferences in PLT, RBC and HCT count between
the two groups (all P>0.05), as Figure 3
illustrates.

Comparison of vascular endothelial function

The results of vascular endothelial function
indexes showed that serum ET and sEng levels
in the PE group were noticeably higher than
those in the CON group (all P<0.05), while
serum NO and VEFG levels in the PE group were
noticeably lower than those in the CON group
(all P<0.05), as Figure 4 illustrates.

Comparison of serum lipid indexes

The results showed that the levels of TC, TG,
LDL-C and HDL-C were significantly higher in the
PE group than in the CON group (P<0.05), as
Figure 5 illustrates.

Correlation between intestinal flora disorder
and serum inflammatory factors

As shown in Table 2, Pearson correlation analy-
sis showed that there was a negative relation-

4665

A 60- B 60
- *k —_
-
gg 40- S a0q ..
= &
o]
T <
L i
- = .
Z 20 20
04 0
PE CON PE CON
C 1007 D 20-
80 * %k —_
= 604 o
= = 104
o 401 =
2 2
= 20 = 5
PE CON PE CON

Figure 2. Comparison of serum inflammatory factors
between the two groups. A. Comparison of the serum
levels of TNF-a. B. Comparison of the serum levels
of IL-4. C. Comparison of the serum levels of IL-6. D.
Comparison of the serum levels of [L-10. **P<0.01.
Note: TNF-a: Tumor necrosis factor alpha; IL-6: inter-
leukin-6; IL-10: interleukin-10; IL-4: interleukin-4; PE:
preeclampsia; CON: healthy controls.

ship between the abundance of probiotics
Lactobacillus, Bifidobacterium and the levels
of TNF-a and IL-6. Additionally, a positive corre-
lation was seen between the abundance of
these probiotics with the level of IL-4. Con-
versely, the presence of detrimental bacteria,
such as Enterobacter and Enterococcus, was
positively correlated with TNF-a and IL-6 levels,
while negatively correlated with IL-4 levels.

Correlation between intestinal flora disorder
and vascular endothelial function

As shown in Table 3, Pearson correlation analy-
sis showed that there was a negative relation-
ship between the abundance of Lactobacillus,
Bifidobacterium and the levels of ET and sEng,
whereas a positive correlation was seen with
the levels of VEGF and NO. On the other hand,
the levels of Enterobacter and Enterococcus
were positively correlated with ET and sEng, but
negatively correlated with VEGF and NO levels.

Discussion

Pre-eclampsia (PE) is a pregnancy-related met-
abolic syndrome characterized by early onset
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Figure 3. Comparison of blood cell indexes. A. Red blood cell count. B. He-
matocrit. C. Platelet count. D. White blood cell count. E. Neutrophil count. F.
Lymphocyte count. **P<0.01. Note: RBC: Red Blood Cell; HCT: Hematocrit;
WBC: White blood cell; PLT: Platelets; N: neutrophil count; L: lymphocyte

count; PE: preeclampsia; CON: healthy controls.
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Figure 4. Comparison of vascular endothelial func-
tion between the two groups. A. Comparison of the
serum levels of VEGF. B. Comparison of the serum lev-
els of ET. C. Comparison of the serum levels of NO. D.
Comparison of the serum levels of skng. **P<0.01.
Note: VEGF: Vascular endothelial growth factor; ET:
vascular endothelin; NO: Nitric oxide; sEng: soluble
endoglin; PE: preeclampsia; CON: healthy controls.

and rapid progression, often leading to preterm
delivery and low fetal survival rates [13-15]. It
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has been found that gut flora
may regulate blood pressure
through mechanisms such as
the sympathetic-gut axis, in-
flammatory response, and va-
scular endothelium [16-18].
During pregnancy, metabolic
changes in the mother’s body
adapt to physiological condi-
tions to support fetal growth
and development [12, 19].
Additionally, there is a major
change in the quantity of the
gut flora [20]. When gut flora
is balanced, it secretes both
inflammatory and anti-inflam-
matory factors. However, an
imbalance leads to a surge
in inflammatory factors, which
can damage endothelial cells
lining blood vessels and affect
the stability of the hemostatic
system [21]. In this study, the
abundance of beneficial bacte-
ria, such as Bifidobacterium
and Lactobacillus, was lower in the PE group
compared to the CON group, while harmful bac-
teria such as Enterobacter and Enterococcus,
were more prevalent in the PE group. This indi-
cates a disruption in the intestinal flora of pre-
eclampsia patients. These findings are consis-
tent with those of Xie et al., who also reported
significant differences in intestinal flora bet-
ween pregnant women with PE and those with-
out, with these differences correlating with vari-
ous clinical indicators [22].

PE CON

PE CON

Under normal physiological settings, the intesti-
nal flora helps maintain a balance between pro-
inflammatory and anti-inflammatory molecules.
However, disruptions to the flora disturb the
dynamic equilibrium, leading to an increase in
inflammatory factors, damage to the vascular
endothelial cells, vasospasms, and a conse-
quent rise in blood pressure [23, 24]. In addi-
tion, intestinal flora disorders can cause im-
mune dysregulation, damage to the intestinal
barrier, bacterial invasion of the placenta, and
subsequent placental immune abnormalities,
all contributing to preeclampsia [25]. Proin-
flammatory cytokines (IL-6, TNF-&) play crucial
roles in mediating the maternal immune re-
sponse. In preeclampsia, excessive secretion
of IL-6 and TNF-a by maternal immune cells
affects the function of endothelial cells by
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Figure 5. Comparison of serum lipid indexes. A. Total
cholesterol. B. Triglyceride. C. Low-density lipoprotein
cholesterol. D. High-density lipoprotein cholesterol.
**P<0.01. Note: TC: Total cholesterol; TG: Triglyc-
eride; LDL-C: Low-density lipoprotein cholesterol;
HDL-C: High-density lipoprotein cholesterol; PE: pre-
eclampsia; CON: healthy controls.

Table 2. Correlation between intestinal flora
disorder and serum inflammatory factors

Table 3. Correlation between intestinal flora
disorder and vascular endothelial function

Project VEGF ET NO skng
Lactobacillus 0.405 -0.585 0.368 -0.609
P value <0.001 <0.001 <0.001 <0.001
Bifidobacterium 0.457 -0.71 0.476 -0.629
P value <0.001 <0.001 <0.001 0.904
Enterobacterium -0.322 0.516 -0.261 0.449
P value <0.001 <0.001 <0.001 0.832
Enterococcus -0.293 0.671 -0.508 0.582
P value <0.001 <0.001 <0.001 0.738

TNF-o IL-4 IL-6 IL-10

Lactobacillus -0.591 0.554 -0.575 -0.093

P value <0.001 <0.001 <0.001 0.315
Bifidobacterium -0.713 0.678 -0.654 0.011
P value <0.001 <0.001 <0.001 0.904
Enterobacterium 0.484 -0.480 0.536 0.02
P value <0.001 <0.001 <0.001 0.832
Enterococcus 0.643 -0.520 0.612 0.031
P value <0.001 <0.001 <0.001 0.738

Note: TNF-a: Tumor necrosis factor alpha; IL-6: interleu-
kin-6; IL-10: interleukin-10; IL-4: interleukin-4.

increasing vascular permeability and inducing
apoptosis of trophoblast cells [26]. Conversely,
anti-inflammatory cytokines (IL-4, IL-10) are
essential for the function of T helper cell 2 (Th2)
and regulatory T cell (Treg). Alteration in their
levels may affect immune and apoptotic path-
ways, leading to pregnancy-related syndromes
[27]. To further investigate whether inflamma-
tory factor expression levels in PE patients are
influenced by gut flora dysbiosis, we further
examined the serum levels of IL-6, TNF-«, IL-4
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Note: VEGF: Vascular endothelial growth factor; ET: vascu-
lar endothelin; NO: Nitric oxide; sEng: soluble endoglin.

and IL-10 in both groups. The findings demon-
strated that the PE group had considerably
higher serum levels of the pro-inflammatory
factors TNF-a and IL-6 than the CON group,
and the CON group had substantially reduced
serum levels of the anti-inflammatory cytokine
IL-4, suggesting that intestinal flora dysbiosis
in patients with PE is accompanied by an
increased inflammatory response. Moreover,
the PE group had significantly higher WBC, N
and L compared to the CON group, suggesting
that patients with preeclampsia have abnormal
immune function and increased inflammatory
infiltration. Zhao et al. found intestinal flora dis-
order and elevated serum proinflammatory fac-
tors in PE patients, which aligns with our results
[28].

The occurrence of preeclampsia in pregnant
women leads to increased formation of nitroty-
rosine in the placenta, resulting in elevated
lipid peroxides, reduced antioxidant enzyme
activity, enhanced neutrophil infiltration, and
the release of a variety of proteases, collective-
ly culminating in abnormally high levels of in-
flammatory factors in patients [29, 30]. The
inflammatory response aggravates damage to
vascular endothelial cells, while toxic substanc-
es further impair vascular endothelial contrac-
tion and relaxation [31, 32]. Our study found
that the serum levels of ET and sEng were sig-
nificantly higher in the preeclampsia (PE) group
compared to the CON group, while serum NO
and VEGF levels were lower in the PE group,
demonstrating that decreased vascular endo-
thelial function is also associated with gut flora
dysbiosis in individuals with PE. Kornacki J et
al. showed that endothelial damage may occur

Am J Transl Res 2024;16(9):4662-4670
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in both early and late stages of PE [33]. This
implies a potential mutual causality between
intestinal dysbiosis and vascular endothelial
injury. In addition, elevated blood lipid level in
PE patients, compared to the CON group, can
further promote the production and secretion
of inflammatory factors, thereby exacerbating
vascular endothelial damage and contributing
to the progression of preeclampsia. Subse-
quent analysis revealed that the presence of
Lactobacillus and Bifidobacterium was inverse-
ly associated with levels of TNF-«, IL-6, 1L-10,
ET, and sEng, while positively associated with
levels of IL-4, VEGF, and NO. Nevertheless, the
presence of bacterial Enterobacterium and En-
terococcus was positively correlated with the
levels of TNF-«, IL-6, IL-10, ET, and sEng, but
negatively correlated with IL-4, VEGF, and NO.
The imbalance of intestinal flora in PE patients,
marked by the increase in harmful bacteria and
the decrease of probiotics, may be an impor-
tant contributing factor to PE. This imbalance
leads to the production of endotoxin, which in
turn destroys the intestinal barrier and increas-
es the permeability of the intestinal mucosa
[34]. Endotoxins entering the bloodstream ac-
tivate toll-like receptor family members (e.g.,
TLRA4), triggering widespread inflammation [35].
This inflammatory response may exacerbate
the damage to vascular endothelial cells and
disrupt the process of vascular contraction and
relaxation. Therefore, it is speculated that gut
microbiota may contribute to the development
of preeclampsia by affecting the inflammatory
response and vascular endothelial function.

Conclusion

Patients with preeclampsia (PE) exhibit intesti-
nal flora dysbiosis, characterized by altered
diversity of intestinal microbiota, increased
serum pro-inflammatory factors and impaired
vascular endothelial function. A potential strat-
egy for treating and preventing PE could involve
managing gut flora balance, regulating inflam-
matory components, and mitigating endothelial
dysfunction.

The innovation of this research lies in its focus
on pregnant women as a unique population. It
highlights how flora disturbance can affect the
maternal immune and metabolic process, re-
sulting in pregnancy complications such as pre-
eclampsia. This study combines the detection
of inflammatory and endothelial function levels
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with assessments of immune-related blood
indices and gut flora disturbances to observe
immune system changes. Additionally, it ex-
amines the relationship between blood lipid
changes and preeclampsia, noting that incre-
ased lipid peroxidation and inflammatory mark-
er production can exacerbate endothelial dam-
age and promote preeclampsia development.
This multi-faceted investigation provides a
comprehensive understanding of how intesti-
nal flora imbalance, inflammation, and endo-
thelial function are interconnected in patients
with PE.

Despite the insights gained from this study,
there are notable limitations. The sample size
is relatively small and needs further research
with larger cohorts to validate and extend the-
se findings. In addition, while this study con-
firms significant differences in intestinal flora
between PE patients and those with normal
pregnancies and demonstrates that intestinal
flora imbalance can aggravate the inflammato-
ry reactions and vascular endothelium injury,
it does not include causal validation experi-
ments. Further research is needed to explore
the potential mechanisms underlying these
associations and to establish causality.
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