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Effects of Rapamycin on Clinical Manifestations and
Blood Lipid Parameters in Different Preeclampsia-like
Mouse Models

Yan-Hong Yi, Zi Yang, Yi-Wei Han, Jing Huai
Department of Obstetrics and Gynecology, Peking University Third Hospital, Beijing 100191, China

Background: The pathogenesis of some types of preeclampsia is related to fatty acid oxidation disorders. Rapamycin can regulate fatty
acid metabolism. This study aimed to investigate the effects of rapamycin on the clinical manifestations and blood lipid parameters in
different preeclampsia-like mouse models.

Methods: Two preeclampsia-like mouse models and a control group were established: L-NA (injected with Nw-nitro-L-arginine methyl
ester), LPS (injected with lipopolysaccharide), and the control group with normal saline (NS). The mouse models were established at
preimplantation (PI), early- and late-pregnancy (EP, LP) according to the time of pregnancy. The administration of rapamycin (RA;
L-NA+RA, LPS+RA, and NS+RA) or vehicle as controls (C; L-NA+C, LPS+C, NS+C) were followed on the 2" day after the mouse
models’ establishment. Each subgroup consisted of eight pregnant mice. The mean arterial pressure (MAP), 24-h urinary protein, blood
lipid, fetus, and placental weight were measured. The histopathological changes and lipid deposition of the liver and placenta were
observed. Student’s 7-test was used for comparing two groups. Repeated measures analysis of variance was used for blood pressure
analysis. Qualitative data were compared by Chi-square test.

Results: The MAP and 24-h urinary protein in the PI, EP, and LP subgroups of the L-NA+C and LPS+C groups were significantly higher
compared with the respective variables in the NS+C group (P < 0.05). The preeclampsia-like mouse models were established successfully.
There was no significant difference in the MAP between the PI, EP, and LP subgroups of the L-NA+RA and L-NA+C groups and the
LPS+RA and LPS+C groups. The 24-h urine protein levels in the PI and EP subgroups of the L-NA+RA group were significantly lower
compared with the respective levels in the L-NA+C groups (1037 £ 63 vs. 2127 £ 593 ug; 976 +£ 42 vs. 1238 £ 72 ug; both P <0.05), also
this effect appeared similar in the PI and EP subgroups of the LPS+RA and LPS+C groups (1022 + 246 vs. 2141 £ 432 ug; 951 £41 vs.
1308 + 30 pg; both P <0.05). The levels of serum-free fatty acid (FFA) in the PI and EP subgroups of the L-NA+RA groups were significantly
lower compared with the respective levels in the L-NA+C group (2.49 £ 0.44 vs. 3.30 £ 0.18 mEq/L; 2.23 £ 0.29 vs. 2.84 + 0.14 mEq/L;
both P < 0.05). The levels of triglycerides (TG) and total cholesterol in the PI subgroup of the L-NA+RA group were significantly lower
compared with the respective levels in the L-NA+C (1.51 + 0.16 vs. 2.41 £ 0.37 mmol/L; 2.11 £ 0.17 vs. 2.47 + 0.26 mmol/L; both
P <0.05), whereas high-density lipoprotein serum concentration was significantly higher (1.22 + 0.19 vs. 0.87 £ 0.15 mmol/L; P <0.05)
and low-density lipoprotein serum concentration did not exhibit a significant difference. There were no significant differences in the
FFA of the PI, EP, and LP subgroups between the LPS+RA and the LPS+C groups. The levels of TG in the PI subgroup of the LPS+RA
group were significantly lower compared with the respective levels in the LPS+C group (0.97 £ 0.05 vs. 1.22 + 0.08 mmol/L; P <0.05).
Conclusion: Rapamycin can improve clinical manifestations and blood lipid profile in part of the preeclampsia-like mouse models.
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women and is considered one of the main causes of maternal
and perinatal morbidity and mortality.!! The clinical risk
factors of preeclampsia include primiparous, chronic
hypertension, chronic kidney disease, history of thrombosis,
multiple pregnancy, in vitro fertilization, family history of
preeclampsia, type I or II diabetes, obesity, systemic lupus
erythematosus, and a maternal age >40 years.”’ Chronic
hypertension, diabetes, and obesity are associated with
lipid metabolism disorders. It has been reported that the
concentrations of free fatty acids (FFA), triglycerides (TG),
and total cholesterol (TC) are significantly higher in
preeclampsia.l*4! Bartha et al. reported that fatty acid
oxidation (FAO) in the placenta of preeclampsia patients
is significantly lower compared with the control group,
suggesting that placental FAO may be a potential risk
factor for the pathogenesis of preeclampsia.”! The studies
conducted by our group have shown that long-chain FAO
disorders are associated with the pathogenesis of some
preeclampsia.*67!

Rapamycin is a macrolide antibiotic that is isolated
from Streptomyces. At present, this drug has been widely
used clinically. The specific binding protein of rapamycin
is the mammalian target of rapamycin (mTOR).!®) Zhang
et al.®! have demonstrated that the expression of mTOR in
the serum of patients with mild and severe preeclampsia
was higher compared with the control group. The study
reveals the correlation between high mTOR levels and
preeclampsia. Rapamycin could regulate FAO by specifically
inhibiting mTOR.I' Since FAO disorders are involved in
the development of some preeclampsia, rapamycin may
affect the symptoms of preeclampsia by regulating FAO.
Studies have confirmed that rapamycin could reduce urinary
protein in animal models.'1?) Rapamycin increased serum
high-density lipoprotein (HDL) in patients of astrocytoma
compared with the healthy control group!* and decreased
serum TG in mice with high-fat diet.' Collectively, the
aforementioned studies suggested that rapamycin may be
relevant with the relieving symptoms of preeclampsia.
Furthermore, clinical studies confirm that rapamycin has no
adverse effect on mothers and fetuses during pregnancy.!!>16

In the present study, Nw-nitro-L-arginine methyl ester (L-NA)
and lipopolysaccharide (LPS) as two different pathogenic
factors have been used to establish preeclampsia-like mouse
models. Three different time points of preimplantation (PI),
early pregnancy (EP), and late pregnancy (LP) have been
established. This study aimed to investigate the effects of
rapamycin on the clinical manifestations and blood lipid
profile in preeclampsia-like mouse models with different
pathogenic factors and different gestations.

MeTtHoDS

Animals

Animal experiments were approved by the Animal Care
Committee and Medical Ethics Committee of Peking
University, and all procedures were conducted in strict

accordance with the guidelines of the Principles of Laboratory
Animal Care, published by the National Institutes of Health.
C57BL/6J mice were purchased from the Department
of Laboratory Animal Science, at the Peking University
Health Science Center. Female mice (8—10 weeks) and male
mice (10-14 weeks) were housed under controlled conditions
and fed with standard mouse chow with access to water
ad libitum. The mice were mated and inspected daily for
vaginal plugs. The day when vaginal plugs were observed
was designated as day 1 of pregnancy (D1).

Establishment and intervention of mouse models

The C57BL/6J mice were divided into three groups:
L-NA group, LPS group, and normal saline (NS) group.
L-NA and LPS preeclampsia-like mouse models were
established according to our previous study.l'” Rapamycin
(0.25 mg/kg body weight/day, Sigma, USA) was suspended
in 5% polyethylene glycol 400 (PEG400) (Sigma, USA)
and 5% Tween-80 (Sigma), dissolved in water by constant
stirring, and was administered to mice as a single oral
gavage on the 2™ day after the establishment of the model,!'®
which were rapamycin groups (RA, L-NA+RA, LPS+RA,
NS+RA). The control group (C; L-NA+C, LPS+C, NS+C)
of rapamycin included the vehicle suspension in the absence
of rapamycin.['® Each subgroup consisted of eight pregnant
mice. The mice that were pregnant for 18 days were sacrificed
after cesarean section. The mean arterial pressure (MAP)
of the mice was measured every 2 days using CODA
noninvasive tail cuff system (Kent Scientific Corporation,
USA) on the 2™ day after conception and the mice were
placed in a standard metabolic cage 17 days after conception.
The 24-h urinary protein concentration was measured with
the urinary protein detection kit (Randox, UK).

Sample collection and tests

The mice were anesthetized with 10% chloral hydrate
(3 ml/kg, Sigma) on the 18" day of pregnancy. The blood
samples that were collected from the retro-orbital plexus were
centrifuged. The serum FFA concentration was measured by
ablood lipid chemical analysis kit (Wako Chemicals, Japan),
and the TG, TC, HDL, and low-density lipoprotein (LDL)
levels were measured using an automatic biochemical
analyzer (Olympus, Japan). The fetuses and placental tissues
were collected and weighed. The total number of fetus, the
number of live fetuses, and the number of the absorbed
fetuses were recorded. The liver and placental tissues
were collected and fixed with formalin for 48 h. Following
embedding and slicing (5 um), conventional hematoxylin
and eosin (H and E) staining was carried out. The liver and
placental tissues of mice were frozen and cut into 10-um
sections and finally stained with Oil Red O (GenMed
Scientifics, USA). The sections were photographed by an
optical microscope (Nikon, Japan).

Statistical analysis

SPSS software version 22.0 (SPSS Inc., USA) was used
for data analysis. Data were expressed as mean + standard
deviation. Student’s #-test was used for comparing 24-h
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urinary protein, blood lipids, and area of Oil Red O staining
between two groups. Repeated measures analysis of variance
was used for MAP analysis. Qualitative data were compared
by Chi-square test. P < 0.05 was considered statistically
significant.

ResuLts

Mean arterial pressure and 24-h urinary protein

The MAP in the PI, EP, and LP subgroups of the L-NA+C
group was significantly higher compared with the respective
levels of the NS+C group (all P < 0.05), and also the MAP
in the PI, EP, and LP subgroups of the LPS+C group was
significantly higher compared with the respective levels of
the NS+C group (all P < 0.05). The 24-h urinary protein
levels in the PI, EP, and LP subgroups of the L-NA+C group
were significantly higher compared with the respective levels
of the NS+C group (1= 6.31, 21.86, and 19.35 respectively;
all P < 0.05), and also the 24-h urinary protein levels in
the PI, EP, and LP subgroups of the LPS+C group were
significantly higher compared with the respective levels of
the NS+C group (¢ = 9.33, 52.49, and 19.10 respectively;
all P < 0.05). The preeclampsia-like mouse models were
established successfully. The 24-h urinary protein levels
in the PI and EP subgroups of the L-NA+RA group were
significantly lower compared with the respective levels of the
L-NA+C group (1037 + 63 vs. 2127 £ 593 ug; 976 £ 42 vs.
1238 + 72 ug; ¢ = 4.84, 9.94; both P < 0.05), and also the
24-h urinary protein levels in the PI and EP subgroups of
the LPS+RA group were significantly lower compared with
the respective levels of the LPS+C group (1022 + 246 vs.
2141 +£432 pug; 951 +£41 vs. 1308 =30 pug; t = 6.37, 19.26;
both P<0.05). Rapamycin could reduce 24-h urinary protein
levels in the PI and EP subgroups of L-NA and LPS, but had
no effect on the MAP of L-NA and LPS preeclampsia-like
mouse models [Figure 1].

Blood lipids

The FFA levels of the PI and EP subgroups in the L-NA+RA
group were lower compared with the respective levels in
the L-NA+C group (2.49 £ 0.44 vs. 3.30 = 0.18 mEq/L;
2.23 £ 0.29 vs. 2.84 = 0.14 mEq/L; ¢t = 4.78, 5.41; both
P < 0.05). The levels of TG and TC in the PI subgroup of
the L-NA+RA were significantly lower compared with the
respective levels of the L-NA+C group (1.51 £+ 0.16 vs.
2.41 £ 0.37 mmol/L; 2.11 £ 0.17 vs. 2.47 = 0.26 mmol/L;
t=6.54, 3.28; both P < 0.05), whereas HDL concentration
was significantly higher (1.22£0.19 vs. 0.87 £ 0.15 mmol/L;
t = —4.25; P < 0.05) and LDL concentration was not
significantly different. The levels of TG in the PI subgroup of
the LPS+RA group were significantly lower compared with
the respective levels of the LPS+C group (0.97 + 0.05 vs.
1.22 £ 0.08 mmol/L; # = 7.08; P < 0.05) [Figure 2].

Placenta and liver histological changes and fat staining
The histological changes of the liver and placental tissue
were observed in different H and E staining sections. In the P1
and EP subgroups of the L-NA group, hepatocyte ballooning

degeneration and loose tissue structure could be observed.
The hepatocyte ballooning degeneration effect was alleviated
in the PI and EP subgroups of the L-NA+RA group compared
with the L-NA+C group. In the LPS and NS groups, no
apparent liver tissue damage with regard to the structure and
cellular morphology was observed [Figure 3]. The placental
syncytial cell knot hyperplasia was observed in the PI and
EP subgroups of the L-NA and LPS groups. The placental
syncytial cell knot hyperplasia was induced to a lesser
extent in the PI and EP subgroups of the L-NA+RA group
compared with the L-NA+C group, and also the effect was
similar between the LPS+RA and LPS+C groups [Figure 4].
The percentage of Oil Red O staining in the liver tissue in
the PI and EP subgroups of the L-NA+RA group was lower
compared with that observed in the L-NA+C group (=4.28,
3.54; both P < 0.05) [Figure 5]. The percentage of Oil
Red O staining in the placental tissue in the PI and EP
subgroups of the L-NA+RA group was lower compared
with that observed in the L-NA+C group (z = 2.10, 2.72;
both P < 0.05) [Figure 6].

Pregnancy outcomes

The fetal absorption rate was significantly lower, and the live
birth rate was significantly higher in the PI subgroup of the
L-NA+RA group compared with that noted in the L-NA+C
group (> =268.45, P<0.05) [Table 1]. The mean fetus and
placental weight of the PI subgroup in the LPS+RA group
was significantly lower compared with that noted in the
LPS+C group (t=2.94, 3.27; both P <0.05). There was no
significant difference in the parameters such as live birth rate,
fetal absorption rate, and fetus and placental weight between
the remaining rapamycin groups and the respective control
groups [Table 2].

Discussion

The present study demonstrated that rapamycin improves
part of the clinical symptoms of specific preeclampsia-like
mouse models, which has been proved to be determined
by the decreased 24-h urinary protein levels, decreased
blood lipid concentrations (FFA, TG, and TC), increase in
the concentration of HDL, and reduced liver and placental
lipid deposition. In the present study, the potential effect
of rapamycin on preeclampsia has been investigated. In
different preeclampsia-like mouse models, the effect of
rapamycin is different.

Accumulating studies have suggested that FAO is an
important contributor in the development of placenta and
that this process is associated with the pathogenesis of
preeclampsia. Rakheja et al.l"! confirmed that placenta has
fatty acid oxidase activity and could potentially use fatty
acids as energy sources. The FAO in the placenta of the
preeclampsia group was significantly reduced compared
with that of the control group. Bartha et al.®! suggested
that placental FAO played a role in the pathogenesis of
preeclampsia. Previous studies from our research group
have shown that long-chain FAO disorders are associated
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Figure 1: Mean arterial blood pressure and 24-h urinary protein levels in all groups. (a) Mean arterial blood pressure during the pregnancy
period and (b) 24-h urinary protein levels. *P < 0.05, L-NA+RA vs. L-NA+C group; P < 0.05 L-NA+C vs. NS+C group; P < 0.05,
LPS+RA vs. LPS+C group; P < 0.05, LPS+C vs. NS+C group. PI: Preimplantation; EP: Early pregnancy; LP: Late pregnancy;
L-NA+RA: L-arginine methyl ester-rapamycin; L-NA+C: L-arginine methyl ester-control; LPS+RA: Lipopolysaccharide-rapamycin;
LPS+C: Lipopolysaccharide-control; NS: Normal saline. n = 8 per group.

Table 1: The number and rate of live fetuses and absorbed fetuses in all groups (n (%))

Groups Live fetuses Absorbed fetuses
PI EP LP Pl EP LP

L-NA+RA 54 (89.2)* 51 (87.9) 58 (95.1) 6 (10.8)* 7(12.1) 3(4.9)
L-NA+C 41 (78.1) 54 (88.5) 64 (94.1) 11(21.9) 7(11.4) 4(5.9)
LPS+RA 55(83.3) 56 (88.9) 55 (94.8) 9 (16.7) 7(11.1) 3(5.2)
LPS+C 48 (82.0) 55 (88.7) 66 (94.3) 10 (18.0) 7(11.3) 4(5.7)
NS+RA 62 (94.6) 67 (94.3) 54 (94.7) 4(5.4) 4(5.6) 3(5.2)
NS+C 63 (94.7) 66 (94.3) 61 (95.3) 4(5.3) 4(5.7) 3(4.7)

Data were shown as n (%). *P<0.05, L-NA+RA versus L-NA+C. SD: Standard deviation; LPS+RA: Lipopolysaccharide-rapamycin;
LPS+C: Lipopolysaccharide-control; L-NA+RA: L-arginine methyl ester-rapamycin; L-NA+C: L-arginine methyl ester-control; NS+RA: Normal
saline-rapamycin; NS+C: Normal saline-control; PI: Preimplantation; EP: Early pregnancy; LP: Late pregnancy.

Table 2: Fetal weight and placental weight in all groups

Groups Fetal weight (g) Placental weight (mg)
Pl EP LP Pl EP LP

L-NA+RA 0.77 £ 0.07 0.86+0.11 0.95+0.12 79.5+6.1 85.1+3.6 954+94
L-NA+C 0.76 + 0.06 0.87 +0.05 0.95 + 0.06 78.8+ 6.6 85.1+12.8 955+7.7
LPS+RA 0.70 + 0.05* 0.86 + 0.04 0.95 +0.07 69.6 + 3.3* 853+5.7 95.1+12.6
LPS+C 0.77 + 0.05 0.87 £ 0.04 0.95+0.07 78.6+7.1 853+78 95.6+11.7
NS+RA 0.96 = 0.08 0.95 + 0.07 0.96 + 0.07 943+ 6.6 95.3+7.7 952+6.5
NS+C 0.95 £ 0.08 0.96 + 0.05 0.96 + 0.08 94.6+72 952+16.5 959455

Data were shown as mean+SD. *P<0.05, LPS+RA versus LPS+C. SD: Standard deviation; LPS+RA: Lipopolysaccharide-rapamycin;
LPS+C: Lipopolysaccharide-control; L-NA+RA: L-arginine methyl ester-rapamycin; L-NA+C: L-arginine methyl ester-control; NS+RA: Normal
saline-rapamycin; NS+C: Normal saline-control; PI: Preimplantation; EP: Early pregnancy; LP: Late pregnancy.
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Figure 2: Free fatty acid (a), triglyceride (b), cholesterol (c), high-density lipoprotein (d), and low-density lipoprtein (e) levels in all groups.
*P < 0.05, L-NA+RA group versus L-NA+GC group. ‘P < 0.05, LPS+RA versus LPS+C group. L-NA+RA: L-arginine methyl ester-rapamycin;
L-NA+C: L-arginine methyl ester-control.

with the pathogenesis of preeclampsia. FFA and TG levels  results showed that patients of severe preeclampsia presented
in the severe preeclampsia group were significantly higher ~ with lipid metabolism disorders, whereas the increased
compared with that of the control group. The experimental concentration of FFA in severe preeclampsia may affect
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L-NA

NS

Figure 3: Morphological changes in the maternal liver in all groups. In the Pl and EP subgroups of the L-NA group, hepatocyte balloon degeneration
and loose tissue structure were observed. The LPS and saline groups exhibited no apparent liver tissue damage with regard to the structural and
cellular morphology (H and E, x200). LPS: Lipopolysaccharide; PI: Preimplantation; EP: Early pregnancy; L-NA: L-arginine methyl ester; LP: Late

pregnancy; NS: Normal saline.

PI-RA PI-C EP-RA

Figure 4: Morphological changes in the placental tissue in all groups. Placental trophoblastic cell edema, necrosis, and placental syncytial
cell knot hyperplasia were observed in the Pl and EP subgroups of the L-NA and LPS groups (H and E, x200). LPS: Lipopolysaccharide;
Pl: Preimplantation; EP: Early pregnancy; L-NA: L-arginine methyl ester; LP: Late pregnancy; NS: Normal saline.

the lipid metabolism disorders.?”! Rapamycin is a specific
inhibitor of mTOR. mTOR plays an important role in
the FAO in various tissues and cells. In 2007, Nicholas
reported that rapamycin enhanced the oxidation of saturated
long-chain fatty acids in rat hepatocytes, suggesting that
rapamycin can contribute to the metabolism of fatty acids
in hepatocytes.?"! Deepa et al.*? reported that the effects
of rapamycin on mitochondrial FAO could be reversed in
murine models that were homozygous or heterozygous for
point mutations of the leptin receptor. Deepa et al. indicated
that the regulation of FAO and metabolism by rapamycin
were different in different animal models. The present study
used rapamycin to examine the clinical manifestations and
blood lipid profile of different preeclampsia-like mouse
models.

In the present study, the MAP and 24-h urinary protein in
the PI, EP, and LP subgroups of the L-NA+C and LPS+C
groups were significantly higher compared with that of the
respective variables in the NS+C group. The results indicated
that preeclampsia-like mouse models were successfully
established. It was found that rapamycin had no significant
effect on the blood pressure of preeclampsia-like mouse
models, but it could significantly reduce 24-h urinary
protein in PI and EP subgroups of L-NA and LPS groups.
The clinical symptoms of the preeclampsia-like mice
exhibited a moderate improvement following rapamycin
treatment. In this study, rapamycin indeed had no effect on
blood pressure, maybe it cannot affect the vessel relaxation
or other factors which regulate blood pressure. Studies
by Stillman and Karumanchi suggest that the formation
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Figure 5: Lipid deposition in maternal liver tissues with Oil Red O staining in all groups (a). (Liver histology, original magnification, <200 and
scale bars 20 um) and percentage of area stained in all groups (b). *P < 0.05 L-NA+RA group versus L-NA+C group. L-NA+RA: L-arginine

methyl ester-rapamycin; L-NA+C: L-arginine methyl ester-control.

of proteinuria in preeclampsia and glomerular immune
complex deposition are closely related.”*! Many scholars
have confirmed that rapamycin can reduce deposition of
renal immune complexes, which decreases proteinuria
in a variety of nephritis.['*! In this study, we postulated
that rapamycin might decrease proteinuria by reducing
the deposition of immune complexes in preeclampsia.
Tian et al"l demonstrated that administration of a low
dose of rapamycin to IgA rats effectively reduced urinary
protein, inhibited IgA precipitation, and protected renal
function. Furthermore, Stridh er al.'¥ reported that, in
rapamycin-treated diabetic mice, urinary protein was
reduced by 32%. The aforementioned studies and the results
presented in our study demonstrated that rapamycin in
some diseases reduces urinary protein and protects kidney
function.

In the present study, it has been shown that rapamycin could
reduce FFA, TG, and TC levels in some preeclampsia-like
mice. In addition, rapamycin improves the histopathological
parameters of the liver and placental tissues and alleviates
lipid deposition in part of the preeclampsia-like mouse
models. The association of the types and gestation period
in preeclampsia and FAO has been shown by our previous
study in mice.! In the present study, it was speculated
that the regulation of lipid metabolism by rapamycin in
preeclampsia-like mice was associated with the changes
in the blood lipid profile. One of the reported side

effects of rapamycin is hyperlipidemia. The incidence of
hyperlipidemia has been estimated to be 40% in patients
treated with rapamycin, following organ transplantation
in the 2™ or 3" month after surgery.*> However, multiple
studies have reported that rapamycin can lower the
blood lipid levels. In 2003, Basso et al.*%! suggested that
rapamycin-treated mice exhibited a decreased cholesterol
content (36%) of the aortic arch compared with the control
group. In a study, rapamycin was injected in mice for
42 consecutive days and the levels of TG were decreased.["]
Tabatabai et al.*”) revealed that rapamycin lowered the
serum TG levels in male diabetic mice. In addition, Deepa
et al.? confirmed that the circulating unesterified FFA of
diabetic mice was decreased, following rapamycin treatment
for 6 months compared with the control group. Das et a/.?*]
showed that rapamycin decreased the TG levels in mice with
type 2 diabetes mellitus. The above researches indicated that
the effect of rapamycin on blood lipids differed according to
the underlying pathology. The results presented in the current
study showed that rapamycin had a blood lipid-lowering
effect in preeclampsia-like mice. The extent of the blood
lipid effect depends on the regulation of FAO in different
preeclampsia-like mouse models.

The results of the present study indicated that rapamycin
exhibited no adverse effects on the pregnancy outcome of
early and late gestation in preeclampsia-like mice, although
it was associated with different pregnancy outcomes in the
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Figure 6: Lipid deposition in placental with Oil Red O staining in all groups (a). (Placental histology, original magnification, <200 and scale
bars 20 um) and percentage of area stained in all groups (b). *P < 0.05 L-NA+RA group versus L-NA+C group. L-NA+RA: L-arginine methyl

ester-rapamycin; L-NA+C: L-arginine methyl ester-control.

PI subgroups of the L-NA and LPS groups. The pregnancy
outcomes (reduction in fetal absorption rate and increase
in the live birth rate) in the PI subgroup of the L-NA group
were improved, despite the detrimental effect of rapamycin
on the pregnancy outcomes in the PI subgroup of the
LPS group (mean fetal and placental weight reduction).
Rapamycin has been shown to reduce energy intake in
trophoblast cells and it was suggested that it may affect
fetal growth, causing fetal growth restriction.*” Recently,
it was reported that rapamycin prevented premature labor
and reduced fetal mortality in a premature labor mouse
model." Furthermore, rapamycin has been used to treat
multiple sclerosis in a model of pregnant mice and it can
reduce the lethality of gene mutations in the mice fetuses.[*”
In addition to the aforementioned observations, a large body
of evidence derived from clinical studies has confirmed that
the use of rapamycin has no adverse effects on the mother
and fetus. Jankowska et al.'! reported a case study of a
21-year-old pregnant woman who gave birth in the absence
of any complications, following liver transplantation and
rapamycin treatment in the first 6 weeks of pregnancy
whereas Fachling reported a case study of a patient with
long-term use of rapamycin (78 months) and successful

pregnancy. Administration of low dose of rapamycin
indicated no adverse effects on the mother and fetus during
pregnancy.l'¥ In the present study, it was hypothesized
that rapamycin intervention is safe during pregnancy,
based on the interaction and the effects of the latter on the
pregnancy outcomes in preeclampsia-like mice. Rapamycin
has been widely used clinically during the last decades.
Franz et al.*" demonstrated that rapamycin improved the
clinical symptoms of five tuberous sclerosis patients. In
addition, rapamycin has been used to treat refractory angina
due to its reduced atherosclerosis and left ventricular oxygen
consumption.B?

In conclusion, the present study confirms that rapamycin
can improve clinical manifestations in part of the
preeclampsia-like mouse models. Rapamycin has the
potential to treat proteinuria and dyslipidemia in patients
with preeclampsia. Whether rapamycin can be used for
treating preeclampsia will be further explored. Moreover, in
the present study, we found that rapamycin affects the clinical
symptoms and blood lipid profiles of preeclampsia-like
mice, suggesting a putative role in the regulation of FAO. In
different preeclampsia-like mouse models, the regulation of
FAO by rapamycin may be different. This study provided an
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experimental basis for individualized treatment of different
pathogenic factors in clinical practice. Further clinical
validation is needed beyond the animal test.
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