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Song et al.: Effect of Folic Acid Combined with L-Carnitine in Preeclampsia Rats

To investigate the effect of folic acid combined with L-carnitine on vascular endothelial injury in 
preeclampsia rats by regulating oxidative stress injury and inflammatory factor expression. 42 female Sprague-
Dawley rats were randomly divided into normal control group, preeclampsia group and folic acid+L-carnitine 
group with 14 rats in each group. The rats in folic acid+L-carnitine group were treated with folic acid 3 mg/
kg and 400 mg/kg respectively the rats in normal control group and preeclampsia group were intragastrically 
given the same amount of normal saline as folic acid+L-carnitine group; from 9 d to 20 d, 75 mg/kg N-nitro-L-
arginine methyl arginine was subcutaneously injected into the neck and back of rats in preeclampsia group and 
folic acid+L-carnitine group from 9 d to 20 d. The gestational d 0 and d 5 of each group were compared after 
21 d, the percentage of malondialdehyde, 8-iso-prostaglandin F2 alpha, interleukin-6, monocyte chemotactic 
protein-1, interleukin-1 beta and vascular endothelial microparticles were measured. The changes of femoral 
artery fibromuscular dysplasia were observed at 0 s, 60 s, 120 s, 180 s, 240 s and 300 s after 21 d. The levels of 
malondialdehyde and 8-iso-prostaglandin F2 alpha in preeclampsia rats were increased than those in normal 
control group; and those in folic acid+L-carnitine group were reduced than those in preeclampsia group. The 
levels of interleukin-6 and monocyte chemotactic protein-1 in preeclampsia rats were raised than those in 
normal control group; while these in folic acid+L-carnitine group were reduced than those in preeclampsia 
group. Folic acid combined with L-carnitine can alleviate vascular endothelial injury in preeclampsia rats by 
regulating oxidative stress injury and expression of inflammatory factors.
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Preeclampsia is one of the complications of 
gestational hypertension, which can cause 
hypertension and proteinuria at the same time. 
However, the specific pathogenesis of preeclampsia 
is not clear, so no targeted measures have been 
found to effectively treat the disease. However, it 
is feasible to detect the related indicators of 
preeclampsia in the early stage and then give 
symptomatic treatment[1]. Therefore, the 
exploration of indicators that can reflect the 
incidence of early preeclampsia and the 
development of new preventive drugs for 
preeclampsia has become the focus of clinical 
scholars. Clinical studies have shown that vascular 
endothelial destruction plays a key role in the 
occurrence of preeclampsia, which can secrete 
vasoconstrictor and vasodilator, and then play a 
role in regulating smooth muscle tension; in 

addition, endothelium can also control 
anticoagulation and antiplatelet by secreting many 
types of soluble factors. According to the clinical 
literature, one of the most important causes of 
vascular endothelial damage is preeclampsia 
placental ischemia and hypoxia. In addition, 
hyperhomocysteinemia and inflammatory factors 
can induce endothelial destruction[2,3]. The 
abnormal content of plasma homocysteine is one 
of the most important biomarkers leading to 
adverse pregnancy outcome in pregnant women, 
which can lead to the destruction of vascular 
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endothelial cells and the increase of Oxidative 
Stress (OS), which in turn leads to the increase of 
intraplacental vascular tension, and finally leads 
to placental ischemia and hypoxia. Folic Acid (FA) 
has a significant effect on reducing the level of 
plasma homocysteine[4,5]. L-Carnitine (LC) can be 
involved in lipid metabolism. At present, it is often 
used in the treatment of heart failure and 
asthenospermia[6]. It has also been reported that 
LC can alleviate OS and inflammatory injury[7]. 
However, the role of FA and LC in Vascular 
Endothelial Injury (VEI) in preeclampsia has not 
been clarified, so the purpose of this study is to 
explore the protective effect of FA combined with 
LC on VEI in preeclampsia rats and its mechanism. 
42 female Sprague-Dawley (SD) rats were 
purchased from Reed liver Disease Research 
(Shanghai) Co., Ltd., with batch number SCXK 
(Shanghai) 2019-0025. All the selected rats were 
fed adaptively for 1 w and were fed in clean 
experimental animal rooms. The time point of light 
was 700 mm 21V, the noise was 60 dB or less, the 
room temperature was (23°±1°), the relative 
humidity was (50±10) %, and the relevant padding 
and drinking bottles were given, and the padding 
and drinking bottles were changed every 3 d. 
Bicinchoninic Acid (BCA) protein concentration 
detection kit was purchased from Beijing Kangjia 
Hongyuan Biotechnology Co., Ltd.; Enzyme-
Linked Immunosorbent Assay (ELISA) kit was 
purchased from Jiangxi Jianglan Pure Biological 
Reagent Co., Ltd.; Bio LEGENDplex™ multi-
factor flow detection kit was purchased from 
Beijing Baitai Paike Biotechnology Co., Ltd. Flow 
cytometry was purchased from Changzhou Bidake 
Biotechnology Co., Ltd.; cryogenic refrigerator 
was purchased from Hangzhou Nuoding Scientific 
equipment Co., Ltd.; non-invasive rat tail 
electronic sphygmomanometer was purchased 
from Shenzhen Zhongtu instrument Co., Ltd.; 
electron microscope was purchased from Quantum 
Quantum Science instrument Trading (Beijing) 
Co., Ltd. 42 female SD rats were randomly divided 
into normal control group (n=14), preeclampsia 
group (n=14) and FA+LC group (n=14). All the 
three groups were caged at 19:00 according to the 
ratio of female to male of 2:1. The vaginal 
secretions of female SD rats were examined by 
smear in the early morning of the 2nd d. If sperm 
were observed to indicate successful conception, 
the rats in FA+LC group were given intragastric 

administration of 3 mg/kg FA and 400 mg/kg once 
a day. The normal control group and preeclampsia 
rats were treated with the same amount of normal 
saline as FA+LC group. On the 20th d, preeclampsia 
rats and FA+LC group rats were subcutaneously 
injected with 75 mg/kg L-Nitro Arginine Methyl 
Ester (L-NAME) on the back of neck. The blood 
pressure was measured by noninvasive rat tail 
sphygmomanometer. The systolic blood pressure 
of some prognostic rats was higher than that before 
intervention and elevated to 115 mmHg was 
regarded as hypertension. The urine of three 
groups of rats were collected on the 5th d of 
gestation, the 15th d after the 10th d and the 24th d 
after the 20th d, and put into the centrifuge tube. 
The rats were centrifuged at 4° at the speed of 
3000 r/min. The total urine volume of rats in each 
group was calculated by the pipette, and the 24 h 
urine protein was detected by BCA protein 
concentration detection kit. All the rats in the three 
groups were treated by cesarean section on the 21st 
d after pregnancy and their abdominal aortic blood 
were taken. The levels of Malondialdehyde (MDA) 
and 8-iso-prostaglandin were measured by ELISA 
kit. The levels of Interleukin (IL)-6, Monocyte 
Chemoattractant Protein-1 (MCP-1) and IL-1 Beta 
(β) in rats of each group were measured by Bio 
LEGENDplex™ multifactor flow detection kit, and 
the level of vascular endothelial microparticles 
was measured by flow cytometry. On the 20th d of 
pregnancy, the hollow annular head of the rat 
vascular occlude was used to oppress the distal 
end of the probe, which led to femoral artery 
ischemia after 5 min. At the same time, the Flow-
Mediated Vasodilation Function (FMD) of the 
femoral artery was measured by small animal 
ultrasound. The relevant statistical data of this 
study were processed by Statistical Package for 
the Social Sciences (SPSS) 23.0, and the 
measurement data of OS related indexes of rats in 
each group were expressed as (x̄±s). T-test was 
used for comparison between the two groups, and 
one-way Analysis of Variance (ANOVA) was used 
for comparison between multiple groups. 
Compared with the normal control group, *p<0.05 
and compared with the preeclampsia group, 
#p<0.05. The 24 h urinary protein level of 
preeclampsia rats was raised than that of normal 
control group at 10 d, 15 d and 20 d, and that of 
FA+LC group was reduced than that of 
preeclampsia group as shown in Table 1. After 
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perfusion of 5 min, FMD increased gradually and 
then decreased gradually in normal control group 
and FA+LC group, and reached the peak at 120 s, 
while that in preeclampsia group reached the peak 
at 300 s. The peak level of FMD in FA+LC group 
was raised than that in preeclampsia group (Table 
2). The percentage of endothelial microparticles in 
preeclampsia group was raised than that in normal 
control group, while this in FA+LC group was 
reduced than that in preeclampsia group as shown 
in Table 3. The levels of MDA and 8-iso-
Prostaglandin F2 Alpha (8-iso-PGF2α) in 
preeclampsia rats were raised than those in normal 
control group, while these in FA+LC group were 
reduced than those in preeclampsia group (Table 
4). The levels of IL-6 and MCP-1 in preeclampsia 
rats were raised than those in normal control 
group, while these in FA+LC group were reduced 
than those in preeclampsia group (Table 5). 
Preeclampsia can increase the risk of maternal 
death. However, there are few reports on the 
prevention and treatment of preeclampsia. 
Therefore, looking for a method that can effectively 
reflect maternal vascular injury in patients with 
preeclampsia has important clinical value and 
social benefits for the prevention and treatment of 
the disease. LC can be synthesized by itself, which 
can improve the cell activity by improving the 
function of mitochondria[8]. Clinical literature 
shows that FA is mainly used in clinical practice to 
prevent fetal neural tube malformations, and low-
dose FA in early pregnancy can prevent fetal neural 
tube defects caused by FA deficiency to a certain 
extent[9]. Another report shows that FA and LC are 
natural nutrients, and the combination of FA and 
LC can effectively prevent the onset of 
preeclampsia and has certain safety[10]. Here, we 
monitored the 24 h urinary protein level of rats in 
each group. It was found that the 24 h urinary 
protein level in the FA+LC group was reduced 
than that in the preeclampsia group. It is suggested 
that FA combined with LC can improve the 
increase of urinary protein induced by L-NAME. 
Brachial artery FMD is a repeatable and low-cost 
method to detect vascular endothelial function, 
which is non-invasive. Many reports show that in 
normal pregnancy, FMD increases gradually, but 
FMD in patients with preeclampsia decreases. At 
present, this test is mainly used to evaluate 
preeclampsia. In this study, we did not find the 
synergistic effect of FA combined with LC, which 

may be due to the fact that the rats were only 
pregnant for about 21 d and the drug intervention 
time was short, which led to the unsatisfactory 
effect. However, from the data of this study, there 
is a downward trend. Clinical studies have shown 
that when endothelial cells are activated or 
apoptosis, bubbling is usually used to exfoliate 
micro particles from the capsule, i.e., endothelial 
particles, which are directly derived from activated 
or apoptotic endothelial cells, which is conducive 
to the direct detection of endothelial cell injury[11]. 
Clinical studies have shown that endothelial 
particles cannot only reflect endothelial cell 
dysfunction, but also mediate vascular endothelial 
cell injury. We monitored the level of vascular 
endothelial micro particles in preeclampsia rats. 
The results showed that the percentage of 
endothelial micro particles in FA+LC group was 
reduced than that in preeclampsia group. It is 
suggested that FA combined with LC can protect 
vascular endothelium of rats with preeclampsia 
and prevent the occurrence of preeclampsia. It has 
been confirmed that endothelial cell destruction in 
patients with preeclampsia occurs rapidly in the 
early stage of pregnancy, and OS injury and 
inflammatory response can lead to vascular 
endothelial cell activation and eventually 
endothelial cell destruction[12]. Clinical studies 
have shown that the levels of OS and inflammatory 
response related indexes in plasma of patients with 
preeclampsia are significantly increased, while the 
levels of endothelial protection related factors are 
significantly decreased, which leads to the 
destruction of vascular endothelial cells. This may 
be due to the ischemia and hypoxia of placental 
trophoblasts[13]. It has been reported that vascular 
endothelial cells are damaged under the stimulation 
of many factors, such as physical or chemical 
signals, and then release many types of cytokines 
to control vascular tension, thrombosis, cell 
proliferation and vascular wall inflammation[14]. 
The levels of MDA, 8-iso-PGF2α, IL-6, MCP-1 
and IL-1 β in FA+LC group were reduced than 
those in preeclampsia group. It is suggested that 
FA combined with LC can significantly alleviate 
OS injury and inflammatory response in rats with 
preeclampsia. To sum up, FA combined with LC 
has the effect of VEI in rats with preeclampsia, 
which may be achieved by alleviating OS injury 
and reducing the expression levels of IL-6, MCP-1 
and IL-1β.
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Group n 0 d (mg/24 h) 5 d (mg/24 h) 10 d (mg/24 h) 15 d (mg/24 h) 20 d (mg/24 h)

Normal control 14 6.87±0.01 6.89±0.03 6.98±0.05 7.05±0.01 7.25±0.03

Preeclampsia 14 6.88±0.01 6.87±0.03 8.05±0.04* 11.56±0.15* 11.68±0.11*

FA+LC 14 6.89±0.01 6.66±0.05 7.02±0.03# 9.05±0.07# 9.16±0.06#

Note: Compared with the normal control group, *p<0.05 and compared with the preeclampsia group, #p<0.05

TABLE 1: URINARY PROTEIN OF RATS IN EACH GROUP (x̄±s)

Group n 0 s (%) 60 s (%) 120 s (%) 180 s (%) 240 s (%) 300 s (%)

Normal 
control 14 3.01±0.05 7.25±0.11 12.03±0.23 6.98±0.05 4.95±0.09 2.51±0.05

Preeclampsia 14 2.53±0.06 6.15±0.08 6.99±0.11 7.89±0.11 9.05±0.15 12.43±0.16

FA+LC 14 5.01±0.06 9.99±0.15 16.12±0.25# 10.56±0.19 7.45±0.11 3.01±0.08

Note: Compared with the preeclampsia group, #p<0.05

TABLE 2: FMD CHANGES IN FEMORAL ARTERY OF RATS (x̄±s)

Group n Percentage of endothelial micro particles (%)

Normal control 14 4.99±0.10

Preeclampsia 14 25.12±3.58*

FA+LC 14 7.45±0.05#

Note: Compared with the preeclampsia group, *p<0.05 and compared with the FA+LC, #p<0.05

TABLE 3: ENDOTHELIAL MICROPARTICLES IN DIFFERENT GROUPS OF RATS (x̄±s)

Group n MDA (nmol/ml) 8-iso-PGF2α (ng/l)

Normal control 14 4.63±0.27 94.84±4.19

Preeclampsia 14 12.79±0.66* 124.23±15.48*

FA+LC 14 6.74±0.68# 103.90±13.26#

Note: Compared with the preeclampsia group, *p<0.05 and compared with the FA+LC, #p<0.05

TABLE 4: LEVELS OF RELATED INDEXES OF OS IN RATS (x̄±s)

Group n IL-6 (pg/ml) MCP-1 (pg/ml) IL-1β (pg/ml)

Normal control 14 101.07±1.84 87.19±16.60 33.12±1.89

Preeclampsia 14 134.52±6.76* 198.28±8.95* 27.67±2.54

FA+LC 14 124.34±4.57# 119.82±10.30# 27.55±2.12

Note: Compared with the preeclampsia group, *p<0.05 and compared with the FA+LC, #p<0.05

TABLE 5: INFLAMMATION RELATED FACTORS IN RATS (x̄±s)

4. Lin J, Hu W, Gao F, Qin J, Peng C, Lu X. Folic acid-modified 
diatrizoic acid-linked dendrimer-entrapped gold nanoparticles 
as nanoprobes for targeted CT imaging of human cervical 
cancer. J Cancer 2018;9(3):564-77. 

5. Theobald RA, Batchelder M, Sturgeon MF. Evaluation of 
pteroylglutamic acid and n-5-methyltetrahydrofolic acid 
reference standards in a new “No-Boil” radioassay for serum 
folate. Clin Chem 1981;27(4):553-5. 

6. Pala R, Genc E, Tuzcu M, Orhan C, Sahin N, Er B, et al. 
L-Carnitine supplementation increases expression of PPAR-γ 
and glucose transporters in skeletal muscle of chronically and 
acutely exercised rats. Cell Mol Biol 2018;64(1):1-6. 

7. Ferraretto A, Bottani M, Villa I, Giusto L, Signo M, Senesi 
P, et al. L-carnitine activates calcium signaling in human 
osteoblasts. J Funct Foods 2018;47:270-8.  

8. Chen H, Chan YL, Linnane C, Mao Y, Anwer AG, Sapkota A, 
et al. L-carnitine and extendin-4 improve outcomes following 
moderate brain contusion injury. Sci Rep 2018;8(1):11201-5. 

Conflict of interests:

The authors declared no conflict of interests.

REFERENCES
1. Granger JP, Spradley FT, Bakrania BA. The endothelin system: 

A critical player in the pathophysiology of preeclampsia. Curr 
Hypertens Rep 2018;20(4):32-6. 

2. Zeng K, Li M, Hu J, Mahaman YA, Bao J, Huang 
F, et al. Ginkgo biloba extract EGb761 attenuates 
hyperhomocysteinemia-induced AD like tau 
hyperphosphorylation and cognitive impairment in rats. Curr 
Alzheimer Res 2018;14(1):89-99. 

3. Misra P, Ghosh AK, Jassar A. Autopsy findings in an atypical 
case of occult massive fatal pulmonary embolism in a 
backdrop of hyperhomocysteinemia. Indian J Pathol Microbiol 
2018;61(1):116-9. 

https://www.jcancer.org/v09p0564.htm
https://www.jcancer.org/v09p0564.htm
https://www.jcancer.org/v09p0564.htm
https://www.jcancer.org/v09p0564.htm
https://academic.oup.com/clinchem/article-abstract/27/4/553/5666731
https://academic.oup.com/clinchem/article-abstract/27/4/553/5666731
https://academic.oup.com/clinchem/article-abstract/27/4/553/5666731
https://academic.oup.com/clinchem/article-abstract/27/4/553/5666731
https://cellmolbiol.org/index.php/CMB/article/view/1449
https://cellmolbiol.org/index.php/CMB/article/view/1449
https://cellmolbiol.org/index.php/CMB/article/view/1449
https://www.sciencedirect.com/science/article/abs/pii/S1756464618302950
https://www.sciencedirect.com/science/article/abs/pii/S1756464618302950
https://www.nature.com/articles/s41598-018-29430-6
https://www.nature.com/articles/s41598-018-29430-6
https://link.springer.com/article/10.1007/s11906-018-0828-4
https://link.springer.com/article/10.1007/s11906-018-0828-4
https://www.eurekaselect.com/article/85511
https://www.eurekaselect.com/article/85511
https://www.eurekaselect.com/article/85511
https://lww.com/pages/default.aspx
https://lww.com/pages/default.aspx
https://lww.com/pages/default.aspx


www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 735March-April 2024

9. Kitano Y, Hashimoto S, Matsumoto H, Yamochi T, Yamanaka 
M, Nakaoka Y, et al. Oral administration of L-carnitine 
improves the clinical outcome of fertility in patients with IVF 
treatment. Gynecol Endocrinol 2018;34(8):684-8. 

10. Zhang J, Zhao X, Xian M, Dong C, Shuang S. Folic acid-
conjugated green luminescent carbon dots as a nanoprobe 
for identifying folate receptor-positive cancer cells. Talanta 
2018;183:39-47. 

11. Khazaei M, Maali AR, Talei AR, Ramezanpour S. Differential 
transcript accumulation of dehydrin and beta-glucosidase 
genes to cold-induced oxidative stress in chickpea. J Agri Sci 
Technol 2018;17(3):725-34.  

12. Zhou Y, Wang ZF, Li W, Hong H, Chen J, Tian Y, et al. 

Protective effects of microRNA-330 on amyloid β-protein 
production, oxidative stress, and mitochondrial dysfunction 
in Alzheimer’s disease by targeting VAV1 via the MAPK 
signaling pathway. J Cell Biochem 2018;119(7):5437-48. 

13. Chen XX, Qian Y, Wang XP, Tang ZW, Xu JT, Lin H, et al. 
Nurr1 promotes neurogenesis of dopaminergic neuron and 
represses inflammatory factors in the transwell coculture 
system of neural stem cells and microglia. CNS Neurosci Ther 
2018;24(9):790-800. 

14. Shao Y, Hwang J, Alexander BH, Mandel JH, MacLehose 
RF, Ramachandran G. Reconstructing historical exposures 
to Elongate Mineral Particles (EMPs) in the taconite 
mining industry for 1955-2010. J Occup Environ Hyg 
2019;16(12):817-26.

https://www.tandfonline.com/doi/full/10.1080/09513590.2018.1431769
https://www.tandfonline.com/doi/full/10.1080/09513590.2018.1431769
https://www.tandfonline.com/doi/full/10.1080/09513590.2018.1431769
https://www.sciencedirect.com/science/article/abs/pii/S003991401830122X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S003991401830122X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S003991401830122X?via%3Dihub
https://jast.modares.ac.ir/browse.php?a_id=6072&slc_lang=en&sid=23&printcase=1&hbnr=1&hmb=1
https://jast.modares.ac.ir/browse.php?a_id=6072&slc_lang=en&sid=23&printcase=1&hbnr=1&hmb=1
https://jast.modares.ac.ir/browse.php?a_id=6072&slc_lang=en&sid=23&printcase=1&hbnr=1&hmb=1
https://onlinelibrary.wiley.com/doi/10.1002/jcb.26700
https://onlinelibrary.wiley.com/doi/10.1002/jcb.26700
https://onlinelibrary.wiley.com/doi/10.1002/jcb.26700
https://onlinelibrary.wiley.com/doi/10.1002/jcb.26700
https://onlinelibrary.wiley.com/doi/10.1111/cns.12825
https://onlinelibrary.wiley.com/doi/10.1111/cns.12825
https://onlinelibrary.wiley.com/doi/10.1111/cns.12825
https://www.tandfonline.com/doi/full/10.1080/15459624.2019.1676431
https://www.tandfonline.com/doi/full/10.1080/15459624.2019.1676431
https://www.tandfonline.com/doi/full/10.1080/15459624.2019.1676431

