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1  | INTRODUC TION

Preeclampsia (PE) is an idiopathic disorder specific to human 
pregnancy, which greatly impairs the health of pregnant women 
and their fetuses despite relatively low incidence. Many maternal, 
placental, and fetal factors may involve in the occurrence of pre-
eclampsia. Oxidative stress and inflammatory response have been 
widely concerned as important potential factors for preeclampsia 

in recent years, and inhibition of oxidative stress and inflamma-
tory response to reduce the incidence of preeclampsia is a cur-
rent research focus in this field (Alijotas-Reig, Esteve-Valverde, 
& Ferrer-Oliveras, 2017; Gathiram & Moodley, 2016; Phipps, 
Prasanna, & Brima, 2016). Many studies have confirmed that the 
normal development of the placenta depends on the precise tem-
poral and spatial regulation by apoptosis and its normal function 
rests on the balance between the proliferation, differentiation, 
and apoptosis of trophoblasts. Abnormal placental function is 
closely related to the abnormal apoptosis of the placenta (Shahid, 
Khalid, & Fatima, 2019; Travaglino et al., 2019).
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Abstract
To explain gastrodin improved cell apoptosis induced by preeclampsia in vivo and in 
vitro study. The PE and normal rats were injected with normal saline (Model), low-
dose gastrodin (Gas-L), medium-dose gastrodin (Gas-M), and high-dose gastrodin 
(Gas-H) groups at 50, 100, or 200 mg/kg per day. The rat blood pressure and 24-hr 
urine protein level were measured at pregnant days 10, 16, and 20. Evaluating pathol-
ogy by H&E staining, the cell apoptosis by TUNEL, and MyD88 and NF-κB (p65) pro-
teins by IHC assay using H/R to simulate PE cell model. Measuring cell proliferation, 
apoptosis, and MyD88 and NF-κB (p65) protein expression by MTT, flow cytometry, 
and WB assay. The SBP, DBP, and 24-hr urine protein levels were significantly differ-
ent in PE rats (p < .05). The SBP, DBP, and 24-hr urine protein levels were significantly 
improved (p < .05) in vivo and in vitro. The positive apoptosis cells and apoptosis 
rate were significantly increased with MyD88 and NF-κB (p65) proteins upregulation 
(p < .05). The positive apoptosis cells and apoptosis rate were significantly decreased 
with MyD88 and NF-κB (p65) proteins depressing in gastrodin-treated groups with 
dose-dependent (p < .05). Gastrodin improves PE-induced cell apoptosis and pathol-
ogy changed via MyD88/NF-κB pathway in vitro and in vivo study.

K E Y W O R D S

cell apoptosis, gastrodin, MyD88/NF-κB, PE

http://www.foodscience-nutrition.com
mailto:￼
https://orcid.org/0000-0002-7062-0753
http://creativecommons.org/licenses/by/4.0/
mailto:luoxiaoliang0320@163.com


     |  821MEI Et al.

Gastrodin (gas) is the main bioactive component of Gastrodia 
elata and exhibits anti-inflammatory, anti-oxidation, anti-tumor, and 
brain protection activities (Du et al., 2016; Qin et al., 2018; Wang et 
al., 2014). Studies have confirmed that overexpression of inflamma-
tory factors is the major reason for inducing preeclampsia (Albrecht 
et al., 2019; Kaminski, Ellwanger, & Sandrim, 2019). On this basis, it 
was speculated that gas may improve the occurrence of preeclamp-
sia via inhibiting the inflammatory response.

1.1 | Laboratory animal grouping

Forty-eight healthy CL pregnant Wistar rats weighing 200–250 g 
were provided by the Experimental Animal Center of Nanjing 
Medical University. Animals were maintained at room temperature 
of 7–27°C with a relative humidity of 50%–70%. The first gestation 
day (GD 1) was determined as the day when a vaginal plug was pre-
sent with microscopic observation of sperms in the vaginal of the 
experimental mice. The present study was reviewed and approved 
by the Ethics Committee of the Third Affiliated Hospital.

Rats were divided into two groups according to the random num-
ber table, with nine in the control group and 36 in the preeclampsia 
group. Animals were maintained till GD 12.

2  | METHODS

2.1 | Establishment of an animal model of 
preeclampsia

On GD 13, pregnant rats in the preeclampsia group were subcu-
taneously injected with N-nitro-L-arginine methyl ester (L-NAME) 
(Sigma, USA; batch number: 20120925) at a dose of 100 mg/(kg d) 
according to the method previously described ( Pellicer, Herraiz, & 
Leal, 2011) to establish a preeclampsia animal model. Animals in the 
control group were injected subcutaneously with normal saline at 
1.5 ml/d. Corresponding injections were given till GD 21. This study 
was approved by Ethics Committee of the Third Affiliated Hospital 
(No. 2018031003).

2.2 | Gas intervention

Rats in the preeclampsia group were randomly divided into four sub-
groups (n = 9 per subgroup) on the 4th day of modeling (GD 16). 
Animals in the blank intervention group were given intraperitoneal 
injection of normal saline at 1.5 ml/d and those in the three inter-
vention subgroups, including the low- (Gas-L), medium- (Gas-M), and 
high-dose gas intervention subgroup (Gas-H), were given intraperi-
toneal injection of gas (Kunming Pharmaceutical Group Co., Ltd., pu-
rity >98%) at 50, 100, and 200 mg/(kg d), respectively, according to 
the method previously described (Guo et al., 2014; Lin et al., 2014). 
All rats were injected till GD 21 when animals were killed.

2.3 | Cell culture and modeling

HTR/SVneo cells (Jiangsu Kaiji Biotechnology Co. Ltd.) were inocu-
lated in RPMI1640 medium containing 10% fetal bovine serum in a 
constant temperature CO2 incubator at 37℃. The culture medium 
was changed for every 3 days. The cells were digested using 0.25% 
pancreatin at the logarithmic growth stage. The oxygen concentra-
tion of constant temperature three-gas incubator at 37°C was set 
as 1%. HTR/SVneo cells were inoculated into a 6-well plate with 
1 × 106/well. After the cells adhered to the wall, the cells in each 
group were correspondingly treated and cultured in the three-gas 
incubator under an anoxic environment for 48 hr.

HTR/SVneo cells of the normal group were cultured in a normal 
environment. HTR/SVneo cells of the model group and all gas groups 
were cultured in an anoxic environment. The cells in the model 
group, gas-L, gas-M, and gas-H groups were pretreated with normal 
medium containing 50, 100, and 200 mg/ml gastrodin, respectively.

2.4 | Blood pressure measurement in rats

The caudal arterial pressure was measured by noninvasive blood 
pressure monitoring system (ALC-NIBP system; Shanghai ALCBio) 
for each rat on GDs 10, 16, and 20 according to the procedure pre-
viously described (Fernández Celadilla, Carbajo Rueda, & Muñoz, 
2005).

2.5 | 24-hr urine protein test in rats

Twenty-four-hour urine samples were collected on GDs 10, 16, 
and 20, respectively (rats were housed in 41 700/1/2/3 metabolic 
cages manufactured in Italy for collecting urine, and diet for each 
group was well-balanced during the feeding period), and 24-hr urine 
protein concentration was determined using the Beckman Coulter 
AU5831 automatic biochemical analyzer.

2.6 | Immunohistochemistry

The placenta tissue was embedded in paraffin using the procedure 
previously described (Kasture, Sundrani, & Joshi, 2018), and the 
expression of MyD88 and NF-κB in placenta trophoblasts was ob-
served by immunohistochemical DAB staining. The SCANSCOPE 
medical image analysis system was used to determine the gray value, 
which was inversely proportional to the degree of protein expres-
sion, that is, lower gray value indicated higher expression.

2.7 | Histological changes of placenta

H&E staining was used followed by light microscopic observation 
(200×) to determine the histological changes of the placenta.



822  |     MEI Et al.

2.8 | Syncytiotrophoblast apoptosis assay

Assay was conducted according to the instructions provided 
with the kit. Cell apoptosis was microscopically examined under 
a 400× microscope with 20 fields for each specimen. TUNEL-
positive cells (colored brown-yellow or brown) and total cells 
were counted, and the apoptosis rate of syncytiotrophoblasts 
was calculated.

2.9 | MTT assay

The proliferation activity of cells in each group was measured 
by MTT assay. The cells were inoculated into a 96-well plate with 
1.0 × 105 cells/well. The cells in each group were treated in different 
ways and continuously cultured for 48 hr. Then, 20 μL/well MTT was 
added for continuous culture. Four hours later, the upper solution 
was discarded, and 1,300 μL/well DMSO was added and dissolved 
by shaking for 12 min. The optical density (OD) value at 470 nm was 
measured using enzyme-labeling instrument.

2.10 | Detection of apoptosis by flow cytometry

The cells were inoculated into a 96-well plate with 1.0 × 105 cells/
well. Cells in each group were treated in different ways and continu-
ously cultured for 48 hr. The cells were collected, washed with ap-
propriate PBS for three times, and stored in 75% precooled ethanol 
overnight at 4°C. After washing with PBS three times, the cells were 
incubated in 20 μL RNase at 37°C for 20 min, and then, stained with 
20 μL propidium iodide (PI) at dark and incubated at 4°C for 30 min. 
The cells were analyzed using a FACScan flow cytometer, and the 
apoptotic cells were counted by the ModFit LT program for cell cycle 
analysis.

2.11 | Western blotting

The cells in each group were lysed using cell lysate (containing 
PMSF). After centrifugation at 8,000 g for 15 min, the super-
natant was collected and placed at 4°C for further use. Protein 
concentration was detected using BCA detection kit according 
to the instructions. Semiquantitative analysis was carried out 
according to the detected protein concentration. The protein 
was separated using 10% SDSPAGE, transmembraned with the 
whole-wet method at 350 Ma for 90 min, sealed in 5% skimmed 
milk at room temperature for 2 hr, and washed with PBS five 
times (3 min/time). The primary antibodies, MyD88 and NF -κB 
monoclonal antibodies (1:1,000 dilution) or GAPDH monoclonal 
antibody (1:1,000 dilution), were added and incubated at room 
temperature for 2.5 hr, followed by membrane washing with 
PBST three times and PBS twice (5 min/time). At room tempera-
ture, fluorescence-labeled secondary antibody (IRDye 680RD 

DonkeyAnti-mouse IgG, 1:20,000 dilution) was added and incu-
bated for 1.5 hr, followed by membrane washing with PBST three 
times, PBS twice, and high-pressure ddH2O twice (3 min/time). 
The relative protein expression was analyzed using the Odyssey® 
infrared imaging system.

2.12 | RT-qPCR assay

The HTR/SVneo cell of different groups or 100 mg placental tis-
sue was taken, and 1-ml Trizol lysis buffer was added. Total RNA 
was extracted according to the instructions for Trizol reagents and 
reverse-transcribed into cDNAs, followed by real-time PCR. PCR 
cycling conditions included predenaturation at 95°C for 15 min, 
40 cycles of denaturation at 95°C for 30 s, annealing at 60°C for 
60 s, and extension at 60°C for 60 s. Primer sequences included 
F: 5′-GGATCCATGGCTGCAGGAGGTCC-3′ and R: 5′-GGGCCCG 
GGCAGGGACAAGGCCTTGG-3′ for MyD88; F: 5′-GAGAGCCCTTGC 
ATCCTTTA-3′ and R: 5′-CTTCCCTTTGGTCTTTCTGT-3′ for NF-
κB; and F: 5′-CATCTTCCAGGAGCGAGACC-3′ and R: 5′-CTCGTG 
GTFCACACCCATCA-3′ for GAPDH. The relative expression level was 
calculated by 2−ΔΔCT method using GAPDH as an internal reference.

2.13 | Cell immunofluorescence

After cells in each group were correspondingly processed for 48 hr, 
we let the specimens (cell smears) naturally dry. Then, they were 
immersed in 4% paraformaldehyde fixation for 30 min or overnight 
for the purpose of improving permeability of cells. Then, the cells 
were subjected to immersion cleaning thrice; each time, the im-
mersion cleaning should last for 3 min. Moreover, two drops of 
3% H2O2-methanol solution were added on each slide that was 
sealed at room temperature of 15–25℃ for 10 min, rinsed in PBS 
for 3 min. 50-100 μl ready-to-use goat serum was added dropwise 
to incubate the specimens at room temperature for 20 min; then, 
p-NF-κ B (p65) (Abcam, ab16502, UK) (1:100) primary antibody 
was added dropwise for 2-hr incubation in wet box. After they 
were immersed in PBS and rinsed for three times, 100 μl FITC sec-
ond antibody was added dropwise for 1-hr incubation at 37°C in a 
dark place, following which, the specimen should be subjected to 

TA B L E  1   Comparison of caudal arterial pressure and urine 
protein level between the control group and the preeclampsia 
group on GD 10 (before modeling) (mean ± SD)

Group n SBP (mmHg) DBP (mmHg)
24-hr Urine 
protein (mg)

Normal 9 110.54 ± 6.01 81.25 ± 7.98 6.34 ± 0.84

Model 36 109.87 ± 5.99 79.68 ± 7.56 6.48 ± 0.59

t  0.98 0.67 1.35

p  >.05 >.05 >.05

Note: 1 mmHg = 0.133 kPa
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immersion cleaning three times in PBS. On each slide, the prepared 
DAPI staining fluid of 50–100 μl was added in a dropwise manner 
and then the slide was placed at room temperature for 5 min in a 
dark place. Afterward, the slide should be sealed with antiquench-
ing mounting gel and then put under a microscope to observe pro-
tein expressions in cells. During observation, pictures of 3 sites of 
overexpression were taken and preserved.

2.14 | Statistical analysis

Statistical analysis was performed using SPSS 19.0 software. 
Measured data with normal distribution were presented as 
mean ± SD. Two independent samples were compared by t test. For 
comparison among groups, F test was applied for multiple groups 
and LSD-t test for pairwise comparison. p < .05 was considered sta-
tistically significant using a significance level of α = 0.05.

3  | RESULTS

Comparison of caudal arterial pressure and urine protein level be-
tween the control group and the preeclampsia group on GD 10 (be-
fore modeling).

No significant differences in systolic blood pressure (SBP), dia-
stolic blood pressure (DBP), and 24-hr urine protein were observed 
between the two groups on GD 10 (all p > .05) (Table 1).

Comparison of caudal arterial pressure and urine protein level 
between the control group and each preeclampsia subgroup on GD 
16 (4 days after modeling, no gas treatment).

Compared with the control group, SBP, DBP, and 24-hr urinary pro-
tein levels were significantly increased in all preeclampsia subgroups 
(all p < .01), and no statistically significant differences in these values 
were noted among preeclampsia subgroups (all p > .05) (Table 2).

Comparison of caudal arterial pressure and urine protein level 
between the control group and each preeclampsia subgroup on GD 
20 (8 days after modeling and 4 days of gas treatment).

Systolic blood pressure, DBP, and 24-hr urinary protein levels 
in the model group as well as in the Gas-L, Gas-M, and Gas-H sub-
groups were significantly higher than those in the control group (all 
p < .05) and these corresponding values in the model group were 
significantly higher than those in the Gas-L, Gas-M, and Gas-H sub-
groups (all p < .05). There were no significant differences in the SBP, 
DBP, and 24-hr urinary protein levels among the Gas-L, Gas-M, and 
Gas-H subgroups (p > .05) (Table 3).

3.1 | Comparison of histological changes of placenta 
among groups

For animals in the normal group, the structure of villus was clear in the 
placenta and the fetal blood vessels in the villi expanded to the syncy-
tiotrophoblast layer with maternal sinusoids normal in size and rich in 
blood. While in the model group, fetal vascular red blood cells accumu-
lated in the main villi, resulting blood stasis; the structure of small villus 
was blurred and ischemic-like changes occurred in fetal blood vessels 
which failed to expand to the syncytiotrophoblast layer, and maternal 
sinusoidal dilatation was observed with reduced amount of blood. The 
above pathological changes in the placenta were significantly improved 
in rats of the Gas-L, Gas-M, and Gas-H subgroups (Figure 1).

Group n SBP (mmHg) DBP (mmHg)
24-hr Urine 
protein (mg)

Normal 9 110.58 ± 4.54 80.18 ± 7.61 6.41 ± 0.61

Model 9 129.57 ± 5.12*** 89.51 ± 6.54*** 7.81 ± 0.49***

Gas-L 9 130.16 ± 4.99*** 89.41 ± 5.16*** 7.79 ± 0.51***

Gas-M 9 130.54 ± 5.29*** 89.61 ± 5.88*** 7.77 ± 0.48***

Gas-H 9 129.84 ± 5.97*** 90.13 ± 6.54*** 7.61 ± 0.53***

F  66.97 52.11 46.59

p  <.001 <.001 <.001

***p < .001, compared with Normal group. 

TA B L E  2   Comparison of caudal arterial 
pressure and urine protein level between 
the control group and each preeclampsia 
subgroup on GD 16 (4 days after 
modeling, no gas treatment) (mean ± SD)

Group n SBP (mmHg) DBP (mmHg)
24-hr Urine 
protein (mg)

Normal 9 110.49 ± 3.54 79.59 ± 6.54 6.41 ± 0.64

Model 9 137.59 ± 5.51*** 90.15 ± 5.10*** 7.85 ± 0.44***

Gas-L 9 131.44 ± 4.89#  88.06 ± 4.54#  6.03 ± 0.51# 

Gas-M 9 122.74 ± 5.14## ,&  85.11 ± 4.82## ,&  5.55 ± 0.41## ,& 

Gas-H 9 112.06 ± 4.54### ,&& ,$  80.24 ± 5.41### ,&& ,$  4.95 ± 0.43### ,&& ,$ 

F  85.64 35.77 50.12

p  <.001 <.001 <.001

***p < .001, compared with Normal group; #p < .05, ##p < .01, ###p < .001, compared with Model 
group; &p < .05, &&p < .01, compared with gas-L group; $p < .05 compared with gas-M. 

TA B L E  3   Comparison of caudal arterial 
pressure and urine protein level between 
the control group and each preeclampsia 
subgroup on GD 20 (8 days after 
modeling, and 4 days of gas treatment) 
(mean ± SD)
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F I G U R E  1   Histological of different groups by H & E staining (200×). Normal: Normal control group; Model: The PE model group was 
treated with NS; Gas-L: The PE model rats were treated with 50 mg/kg gastrodin; Gas-M: The PE model rats were treated with 100 mg/kg 
gastrodin; Gas-H: The PE model rats were treated with 200 mg/kg gastrodin

F I G U R E  2   The positive apoptosis cell number by TUNEL assay and relative mRNA expression by RT-qPCR. (a) The positive apoptosis cell 
number by TUNEL assay (200×). Normal: Normal control group; Model: The PE model group was treated with NS; Gas-L: The PE model rats 
were treated with 50 mg/kg gastrodin; Gas-M: The PE model rats were treated with 100 mg/kg gastrodin; Gas-H: The PE model rats were 
treated with 200 mg/kg gastrodin. ***p < .001, compared with Normal group; #p < .05, ##p < .01, ###P < .001, compared with Model group; 
&p < .05, &&p < .01, compared with Gas-L group; $p < .05 compared with gas-M. (b) The relative mRNA expressions of different groups by 
RT-qPCR assay. Normal: Normal control group; Model: The PE model group was treated with NS; Gas-L: The PE model rats were treated 
with 50 mg/kg gastrodin; Gas-M: The PE model rats were treated with 100 mg/kg gastrodin; Gas-H: The PE model rats were treated with 
200 mg/kg gastrodin. ***p < .001, compared with Normal group; #p < .05, ##p < .01, ###p < .001, compared with Model group; &p < .05, 
&&P < .01, compared with gas-L group; $p < .05 compared with gas-M
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3.2 | Comparison of apoptosis and expression of 
related genes in syncytiotrophoblasts among groups

Comparing with apoptosis rate of the normal group, apoptosis rate of 
the placenta syncytiotrophoblasts of model group was significantly in-
creased (p < .001). After gas intervention, the apoptosis rates of the 
three gas intervention subgroups were significantly inhibited compared 
with that of the model group (p < .05, p < .01, and p < .001, respectively). 
At the same time, significant difference in apoptosis rate was observed 
among these gas intervention subgroups (p < .05, Figure 2a). MyD88 
and NF-κB (p65) genes levels were detected by RT-qPCR. Compared 
with the normal group, the expression levels of MyD88 and NF-κB (p65) 
in the model group were significantly increased (p < .001, respectively, 
Figure 2b). After gas intervention, the expression levels of MyD88 and 
NF-κB (p65) in the three gas intervention subgroups were significantly 
inhibited compared with that of the model group (p < .05, p < .01, 
and p < .001, respectively, Figure 2b). Significant differences in the 

expression levels of MyD88 and NF-κB (p65) were noted among these 
gas intervention subgroups (p < .05 and p < .01, respectively, Figure 2b).

3.3 | Expression levels of placental MyD88 and NF-
κB (p65) proteins in each group

MyD88, NF-κB (p65), and p-NF-κB (p65) protein levels were detected 
by IHC. The expression levels of these two proteins in the model group 
were significantly increased compared with those of the normal group 
(p < .001, respectively, Figure 3a-c). After gas intervention, the expres-
sion levels of MyD88, NF-κB (p65), and p-NF-κB (p65)proteins in the 
three gas intervention subgroups were significantly inhibited com-
pared with those of the model group (p < .05, p < .01, or p < .001, re-
spectively, Figure 3a-c). Meanwhile, there were significant differences 
in the expression levels of MyD88, NF-κB (p65), and p-NF-κB (p65) 
among the gas intervention subgroups (p < .05 or p < .01, Figure 3a-c).

F I G U R E  3   The relative proteins expressions by IHC assay. (a) The MyD88 protein expression of different groups by IHC assay (200×). 
Normal: Normal control group; Model: The PE model group was treated with NS; Gas-L: The PE model rats were treated with 50 mg/
kg gastrodin; Gas-M: The PE model rats were treated with 100 mg/kg gastrodin; Gas-H: The PE model rats were treated with 200 mg/kg 
gastrodin. ***p < .001, compared with Normal group; #p < .05, ##p < .01, ###p < .001, compared with Model group; &p < .05, &&p < .01, 
compared with gas-L group; $p < .05 compared with gas-M. (b) The NF-κB (p65) protein expression of different groups by IHC assay (200×). 
Normal: Normal control group; Model: The PE model group was treated with NS; Gas-L: The PE model rats were treated with 50 mg/
kg gastrodin; Gas-M: The PE model rats were treated with 100 mg/kg gastrodin; Gas-H: The PE model rats were treated with 200 mg/kg 
gastrodin. ***p < .001, compared with Normal group; #p < .05, ##p < .01, ###p < .001, compared with Model group; &p < .05, &&p < .01, 
compared with gas-L group; $p < .05 compared with gas-M. (c) The p-NF-κB (p65) protein expression of different groups by IHC assay 
(200×). Normal: Normal control group; Model: The PE model group was treated with NS; Gas-L: The PE model rats were treated with 50 mg/
kg gastrodin; Gas-M: The PE model rats were treated with 100 mg/kg gastrodin; Gas-H: The PE model rats were treated with 200 mg/kg 
gastrodin. ***p < .001, compared with Normal group; #p < .05, ##p < .01, ###p < .001, compared with Model group; &p < .05, &&p < .01, 
compared with gas-L group; $p < .05 compared with gas-M
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F I G U R E  4   The cell apoptosis rate of different groups by flow cytometry. Normal: Normal control group; Model: The HTR/SVneo cells 
were treated with hypoxia; Gas-L: The HTR/SVneo cells were treated with 50 mg/ml gastrodin hypoxia; Gas-M: The HTR/SVneo cells were 
treated with 100 mg/ml gastrodin hypoxia; Gas-H: The HTR/SVneo cells were treated with 200 mg/ml gastrodin hypoxia. ***p < .001, 
compared with Normal group; #p < .05, ##p < .01, ###p < .001, compared with Model group; &p < .05, &&p < .01, compared with gas-L 
group; $p < .05 compared with gas-M

F I G U R E  5   The relative mRNA and protein expressions by RT-qPCR and WB assay. (a) The relative protein expressions of different groups 
by WB assay. Normal: Normal control group; Model: The HTR/SVneo cells were treated with hypoxia; Gas-L: The HTR/SVneo cells were 
treated with 50 mg/ml gastrodin hypoxia; Gas-M: The HTR/SVneo cells were treated with 100 mg/ml gastrodin hypoxia; Gas-H: The HTR/
SVneo cells were treated with 200 mg/ml gastrodin hypoxia. ***p < .001, compared with Normal group; #p < .05, ##p < .01, ###p < .001, 
compared with Model group; &p < .05, &&p < .01, compared with gas-L group; $p < .05 compared with gas-M. (b) The relative mRNA 
expression of different groups by RT-qPCR assay. Normal: Normal control group; Model: The HTR/SVneo cells were treated with hypoxia; 
Gas-L: The HTR/SVneo cells were treated with 50 mg/ml gastrodin hypoxia; Gas-M: The HTR/SVneo cells were treated with 100 mg/ml 
gastrodin hypoxia; Gas-H: The HTR/SVneo cells were treated with 200 mg/ml gastrodin hypoxia. ***p < .001, compared with Normal group; 
#p < .05, ##p < .01, ###p < .001, compared with Model group; &p < .05, &&p < .01, compared with Gas-L group; $p < .05 compared with 
Gas-M
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3.4 | Gastrodin improves HTR/SVneo cell apoptosis 
induced by H/R environment

With H/R environment-treated, the HTR/SVneo cell apoptosis 
rate was significantly increased compared with normal group by 
flow cytometry (p < .001, Figure 4); however, the HTR/SVneo 
cell apoptosis rates were significantly depressed compared with 
that of model group (p < .05, respectively, Figure 4) with gastro-
din-treated. Meanwhile, there were dose-dependent in gastro-
din treatment.

3.5 | Gastrodin had effects on relative protein and 
gene expressions by WB and RT-qPCR assay

By WB assay, the MyD88 and NF-κB (p65) protein expressions of 
model group were significantly increased compared with those of NC 
group (p < .001, respectively, Figure 5a); with gastrodin supplement, 
the MyD88 and NF-κB (p65) protein expressions of gastrodin-treated 
groups were significantly depressed compared with those of model 
group (p < .05, respectively, Figure 5a). By RT-qPCR assay, the MyD88 
and NF-κB (p65) mRNA expression of Model group was significantly 
increased compared with those of NC group (p < .001, respectively, 
Figure 5b); with gastrodin supplement, the MyD88 and NF-κB (p65) 

mRNA expression of gastrodin-treated groups was significantly de-
pressed compared with those of model group (p < .05, respectively, 
Figure 5b). There were dose-dependent in gastrodin-treated groups in 
MyD88 and NF-κB (p65) proteins and gene expression.

3.6 | Gastrodin had effects to p-NF-κB (p65) protein 
expression in different cell groups

By cellular immunofluorescence, the p-NF-κB (p65) was expressed 
in cytoplasm, the p-NF-κB (p65) protein expressions of Model 
group were significantly increased compared with those of NC 
group (p < .001, respectively, Figure 6); with gastrodin supplement, 
the p-NF-κB (p65) protein expressions of gastrodin-treated groups 
were significantly depressed compared with those of model group 
(p < .05, respectively, Figure 6).

4  | DISCUSSION

Gastrodia elata, a precious treasure in traditional Chinese medicine, 
has been proven to be effective in the treatment of various diseases 
with a favorable safety profile. Gastrodin is the bioactive component 
of Gastrodia elata and shows high activities in sedation, blood supply 

F I G U R E  6   p-NF-κB (p65) protein expression in different cell groups by cellular immunofluorescence. Normal: Normal control group; 
Model: The HTR/SVneo cells were treated with hypoxia; Gas-L: The HTR/SVneo cells were treated with 50 mg/ml gastrodin hypoxia; 
Gas-M: The HTR/SVneo cells were treated with 100 mg/ml gastrodin hypoxia; Gas-H: The HTR/SVneo cells were treated with 200 mg/
ml gastrodin hypoxia. ***p < .001, compared with Normal group; #p < .05, ##p < .01, ###p < .001, compared with Model group; &p < .05, 
&&p < .01, compared with gas-L group; $p < .05 compared with gas-M
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improvement, anti-inflammation, blood vessel function regulation, and 
neuroprotection (Liu et al., 2018; Wang, Wang, & Duan, 2018). Studies 
have demonstrated that placental trophoblasts in patients with preec-
lampsia undergo excessive apoptosis and the degree of apoptosis is 
related to the severity of the disease (Heazell, Buttle, & Baker, 2008). 
It is currently believed that various pathogenic factors including ge-
netic background may increase the apoptosis of trophoblasts, block 
the process of revascularization of the distal uterine spiral artery, and 
induce insufficient blood supply to the placenta and consequently fur-
ther ischemia and hypoxia, leading to the occurrence and development 
of preeclampsia (Fisher, (2015)). However, the specific mechanism of 
placental trophoblast apoptosis in preeclampsia patients is not fully 
elucidated and need for effective clinical intervention remains unmet 
although a large number of studies have been done in recent years. 
Zhang et al (Zhang et al., 2018) found that cell apoptosis can be inhib-
ited by downregulating the expression of NF-κB mRNA and protein. 
The anti-apoptotic effect of Gas may provide new ideas for the inhibi-
tion of apoptosis in preeclampsia.

Increased caudal arterial pressure and 24-hr urinary protein level 
are important indicators for the successful establishment of pre-
eclampsia animal model and the levels of these indicators increase 
with the prolongation of drug intervention, making them a useful 
animal model for drug intervention studies (Kaya et al., 2011). The 
results of the present study showed that the caudal arterial pressure 
and the urine protein further increased over the L-NAME treatment 
time in the preeclampsia group and the SBP, DBP, and 24-hr urinary 
protein levels were significantly reduced after intervention with low, 
medium, and high dose of Gas compared with those of the blank 
intervention group, suggesting that short-term drug intervention ex-
erted therapeutic effect although the corresponding indicators were 
still higher than that of the control group.

Cell death takes two distinct models, necrosis and apoptosis. 
Necrosis is a degenerative process involving cell swelling and the re-
lease of intracellular substances after cell membrane rupture, lead-
ing to inflammatory response, while apoptosis is not associated with 
inflammation. Formigli L et al. recently proposed a cell death model 
between apoptosis and necrosis, which is called “aponecrosis.” He 
pointed out that “when syncytial cells undergo excessive apopto-
sis with inadequate time available for the temporally and spatially 
regulated apoptosis program to execute complete apoptotic pro-
cedure before the cells detach, necrotic release accompanied with 
initial apoptosis occurs (Formigli et al., 2000). This necrotic release 
may cause local placental lesions as well as systemic inflammatory 
responses.” At the same time, in a normal pregnancy, macrophages 
inhibit the secretion of pro-inflammatory factors such as TNF-α 
and IFN-γ and promote the secretion of anti-inflammatory factors 
and immunosuppressive substances. However, the presence of ex-
cessive apoptosis beyond the clearance ability of phagocytic cells 
disrupts the anti-inflammatory response, and the increased pro-in-
flammatory factors promote the death of trophoblasts (Huppertz, 
Kadyrov, and Kingdom (2006)). When inflammatory factors increase, 
the secretion of vasoactive diastolic factors such as NO and pros-
tacyclin decreases and the vasoconstrictor factor thromboxane 

A2 increases, leading to the occurrence of preeclampsia (Perucci, 
Corrêa, and Dusse (2017)). Related studies have shown that activa-
tion of the MyD88/NF-κB signaling pathway contributes to inflam-
matory response (Wang, Dong, & Wang, 2019; Zhang & Zeng, 2019) 
and cell apoptosis (Li et al., 2015; Zheng, Shen, & Ye, 2019). The re-
sults of the present study showed that preeclampsia-induced apop-
tosis of placental cells was effectively inhibited after Gas treatment, 
and the underlying mechanism may involve downregulated activity 
of MyD88/NF-κB signaling pathway.

In summary, gas effectively improves inflammation-induced pla-
cental cell apoptosis and related pathology by inhibiting the activa-
tion of the MyD88/NF-κB signaling pathway.

5  | FUTURE PERSPEC TIVES

In our study, we just researched gas played the treatment of PE in 
cell apoptosis; however, cell apoptosis is just one result which lead 
PE development, the cell invasion and migration abilities damaged 
are another result. In our future study, we will research gas improve 
PE development in cell invasion and migration.

CONFLIC T OF INTERE S T
None.

E THIC AL APPROVAL
This study was approved by Ethics Committee of the Third Affiliated 
Hospital of Sun Yat-sen University.

ORCID
Benqi Teng  https://orcid.org/0000-0002-7062-0753 

R E FE R E N C E S
Albrecht, C., Chamley, L., Charnock-Jones, D. S., Collins, S., Fujiwara, H., 

Golos, T., … O'Tierney-Ginn, P. (2019). IFPA meeting 2018 workshop 
report II: Abnormally invasive placenta; inflammation and infection; 
preeclampsia; gestational trophoblastic disease and drug delivery. 
Placenta, 84, 9–13.

Alijotas-Reig, J., Esteve-Valverde, E., Ferrer-Oliveras, R., Llurba, E., & 
Gris, J. M. (2017). Tumor necrosis factor-alpha and pregnancy: Focus 
on biologics. An updated and comprehensive review. Clinical Reviews 
in Allergy and Immunology, 53(1), 40–53. https ://doi.org/10.1007/
s12016-016-8596-x

Du, F., Wang, X., Shang, B., Fang, J., Xi, Y., Li, A., & Diao, Y. (2016). 
Gastrodin ameliorates spinal cord injury via antioxidant and anti-in-
flammatory effects. Acta Biochimica Polonica, 63(3), 589–593. https 
://doi.org/10.18388/ abp.2016_1272

Fernández Celadilla, L., Carbajo Rueda, M., & Muñoz, R. M. (2005). 
Prolonged inhibition of nitric oxide synthesis in pregnant rats: 
Effects on blood pressure, fetal growth and litter size. Archives of 
Gynecology and Obstetrics, 271, 243–248. https ://doi.org/10.1007/
s00404-004-0633-y

Fisher, S. J. (2015). Why is placentation abnormal in preeclamp-
sia. American Journal of Obstetrics and Gynecology, 213(4 Suppl), 
S115–S122. https ://doi.org/10.1016/j.ajog.2015.08.042

Formigli, L., Papucci, L., Tani, A., Schiavone, N., Tempestini, A., Orlandini, 
G. E., … Zecchi Orlandini, S. (2000). Aponecrosis: Morphological 

https://orcid.org/0000-0002-7062-0753
https://orcid.org/0000-0002-7062-0753
https://doi.org/10.1007/s12016-016-8596-x
https://doi.org/10.1007/s12016-016-8596-x
https://doi.org/10.18388/abp.2016_1272
https://doi.org/10.18388/abp.2016_1272
https://doi.org/10.1007/s00404-004-0633-y
https://doi.org/10.1007/s00404-004-0633-y
https://doi.org/10.1016/j.ajog.2015.08.042


     |  829MEI Et al.

and biochemical exploration of a syncretic process of cell death 
sharing apoptosis and necrosis. Journal of Cellular Physiology, 
182, 41–49. https ://doi.org/10.1002/(SICI)1097-4652(20000 
1)182:1<41:AID-JCP5>3.0.CO;2-7

Gathiram, P., & Moodley, J. (2016). Pre-eclampsia: Its pathogenesis and 
pathophysiology. Cardiovascular Journal of Africa, 27(2), 71–78.

Guo, M., Cao, Y., Wang, T., Song, X., Liu, Z., Zhou, E., … Yang, Z. (2014). 
Baicalin inhibits Staphylococcus aureus-induced apoptosis by regulat-
ing TLR2 and TLR2-related apoptotic factors in the mouse mammary 
glands. European Journal of Pharmacology, 723, 481–488. https ://doi.
org/10.1016/j.ejphar.2013.10.032

Heazell, A. E., Buttle, H. R., Baker, P. N., & Crocker, I. P. (2008). Altered 
expression of regulators of caspase activity within trophoblast of 
normal pregnanocies and pregnancies complicated by preeclampsia. 
Reproductive Sciences, 15, 1034–1043.

Huppertz, B., Kadyrov, M., & Kingdom, J. C. (2006). Apoptosis and its 
role in the trophoblast. American Journal of Obstetrics and Gynecology, 
195(1), 29–39. https ://doi.org/10.1016/j.ajog.2005.07.039

Kaminski, V. L., Ellwanger, J. H., Sandrim, V., Pontillo, A., & Chies, J. A. 
B. (2019). Influence of NKG2C gene deletion and CCR5Δ32 in Pre-
eclampsia-Approaching the effect of innate immune gene variants 
in pregnancy. International Journal of Immunogenetics, 46(2), 82–87. 
https ://doi.org/10.1111/iji.12416 

Kasture, V. V., Sundrani, D. P., & Joshi, S. R. (2018). Maternal one car-
bon metabolism through increased oxidative stress and disturbed 
angiogenesis can influence placental apoptosis in preeclampsia. Life 
Sciences, 206, 61–69. https ://doi.org/10.1016/j.lfs.2018.05.029

Kaya, A., Boztosun, A., Seckin, H., Guven, A. S., Kucukdurmaz, Z., Gulturk, 
S., & Cevit, O. (2011). The evaluation of hypoxia-inducible factor 1 
in N-nitro-L-arginine methyl ester preeclampsia model of pregnant 
rats. Journal of Investigative Medicine, 59, 1268–1272. https ://doi.
org/10.2310/JIM.0b013 e3182 2fff4a

Li, Y., Xie, G., Li, L., Jiang, Z., Yue, Z., & Pan, Z. (2015). The effect of 
TLR4/MyD88/NF-κB signaling pathway on proliferation and 
apoptosis in human nasopharyngeal carcinoma 5-8F cells induced 
by LPS. Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za Zhi, 29(11), 
1012–1015.

Lin, M., Li, L., Li, L., Pokhrel, G., Qi, G., Rong, R., & Zhu, T. (2014). 
The protective effect of baicalin against renal ischemia-reper-
fusion injury through inhibition of inflammation and apoptosis. 
BMC Complementary and Alternative Medicine, 14, 19. https ://doi.
org/10.1186/1472-6882-14-19

Liu, S., Zhou, L., Yang, L., Mu, S., Fang, T., & Fu, Q. (2018). Gastrodin alle-
viates glucocorticoid induced osteoporosis in rats via activating the 
Nrf2 signaling pathways. Oncotarget, 9, 11528–11540. https ://doi.
org/10.18632/ oncot arget.23936 

Pellicer, B., Herraiz, S., Leal, A., Simón, C., & Pellicer, A. (2011). Prenatal 
brain damage in preeclamptic animal model induced by gestational 
nitric oxide synthase inhibition. Journal of Pregnancy, 2011, 809569. 
https ://doi.org/10.1155/2011/809569

Perucci, L. O., Corrêa, M. D., Dusse, L. M., Gomes, K. B., & Sousa, L. 
P. (2017). Resolution of inflammation pathways in preeclampsia-a 
narrative review. Immunologic Research, 65, 774–789. https ://doi.
org/10.1007/s12026-017-8921-3

Phipps, E., Prasanna, D., Brima, W., & Jim, B. (2016). Preeclampsia: 
Updates in pathogenesis, definitions, and guidelines. Clinical Journal 
of the American Society of Nephrology, 11(6), 1102–1113. https ://doi.
org/10.2215/CJN.12081115

Qin, B., Luo, N., Li, Y., Gong, D., Zheng, J., Tan, X., & Zheng, W. (2018). 
Protective effect of gastrodin on peripheral neuropathy induced 
by anti-tumor treatment with vincristine in rat models. Drug 
and Chemical Toxicology, 1–8. https ://doi.org/10.1080/01480 
545.2018.1547739

Shahid, S., Khalid, E., Fatima, S. S., & Khan, G. M. (2019). Evaluation of 
soluble TNF-like weak inducer of apoptosis (sTWEAK) levels to pre-
dict preeclampsia in early weeks of pregnancy. European Journal of 
Obstetrics, Gynecology, and Reproductive Biology, 234, 165–170. https 
://doi.org/10.1016/j.ejogrb.2019.01.020

Travaglino, A., Raffone, A., Saccone, G., Migliorini, S., Maruotti, G. M., 
Esposito, G., … D'Armiento, M. (2019). Placental morphology, apop-
tosis, angiogenesis and epithelial mechanisms in early-onset pre-
eclampsia. European Journal of Obstetrics, Gynecology, and Reproductive 
Biology, 234, 200–206. https ://doi.org/10.1016/j.ejogrb.2018.12.039

Wang, H., Zhang, R., Qiao, Y., Xue, F., Nie, H., Zhang, Z., … Tan, Q. (2014). 
Gastrodin ameliorates depression-like behaviors and up-regu-
lates proliferation of hippocampal-derived neural stem cells in 
rats: Involvement of its anti-inflammatory action. Behavioral Brain 
Research, 266, 153–160. https ://doi.org/10.1016/j.bbr.2014.02.046

Wang, J. P., Dong, L. N., Wang, M., Guo, J., & Zhao, Y. Q. (2019). MiR-146a 
regulates the development of ulcerative colitis via mediating the 
TLR4/MyD88/NF-κB signaling pathway. European Review for Medical 
and Pharmacological Sciences, 23, 2151–2157.

Wang, L., Wang, H., Duan, Z. Zhang, J., & Zhang, W. (2018). Mechanism 
of gastrodin in cell apoptosis in rat hippocampus tissue induced by 
desflurane. Experimental and Therapeutic Medicine, 15, 2767–2772. 
https ://doi.org/10.3892/etm.2018.5770

Zhang, T. H., Huang, C. M., Gao, X., Wang, J. W., Hao, L. L., & Ji, Q. (2018). 
Gastrodin inhibits high glucose-induced human retinal endothelial 
cell apoptosis by regulating the SIRT1/TLR4/NF-κBp65 signaling 
pathway. Molecular Medicine Reports, 17, 7774–7780. https ://doi.
org/10.3892/mmr.2018.8841

Zhang, Y., & Zeng, Y. (2019). Curcumin reduces inflammation in knee 
osteoarthritis rats through blocking TLR4 /MyD88/NF-κB signal 
pathway. Drug Development Research, 80(3), 353–359. https ://doi.
org/10.1002/ddr.21509 

Zheng, L., Shen, X., Ye, J., Xie, Y., & Yan, S. (2019). Metformin alleviates 
hyperglycemia-induced apoptosis and differentiation suppression 
in osteoblasts through inhibiting the TLR4 signaling pathway. Life 
Sciences, 216, 29–38. https ://doi.org/10.1016/j.lfs.2018.11.008

How to cite this article: Mei Z, Huang B, Qian X, Zhang Y, 
Teng B. Gastrodin improves preeclampsia-induced cell 
apoptosis by regulation of TLR4/NF-κB in rats. Food Sci Nutr. 
2020;8:820–829. https ://doi.org/10.1002/fsn3.1342

https://doi.org/10.1002/(SICI)1097-4652(200001)182:1%3C41:AID-JCP5%3E3.0.CO;2-7
https://doi.org/10.1002/(SICI)1097-4652(200001)182:1%3C41:AID-JCP5%3E3.0.CO;2-7
https://doi.org/10.1016/j.ejphar.2013.10.032
https://doi.org/10.1016/j.ejphar.2013.10.032
https://doi.org/10.1016/j.ajog.2005.07.039
https://doi.org/10.1111/iji.12416
https://doi.org/10.1016/j.lfs.2018.05.029
https://doi.org/10.2310/JIM.0b013e31822fff4a
https://doi.org/10.2310/JIM.0b013e31822fff4a
https://doi.org/10.1186/1472-6882-14-19
https://doi.org/10.1186/1472-6882-14-19
https://doi.org/10.18632/oncotarget.23936
https://doi.org/10.18632/oncotarget.23936
https://doi.org/10.1155/2011/809569
https://doi.org/10.1007/s12026-017-8921-3
https://doi.org/10.1007/s12026-017-8921-3
https://doi.org/10.2215/CJN.12081115
https://doi.org/10.2215/CJN.12081115
https://doi.org/10.1080/01480545.2018.1547739
https://doi.org/10.1080/01480545.2018.1547739
https://doi.org/10.1016/j.ejogrb.2019.01.020
https://doi.org/10.1016/j.ejogrb.2019.01.020
https://doi.org/10.1016/j.ejogrb.2018.12.039
https://doi.org/10.1016/j.bbr.2014.02.046
https://doi.org/10.3892/etm.2018.5770
https://doi.org/10.3892/mmr.2018.8841
https://doi.org/10.3892/mmr.2018.8841
https://doi.org/10.1002/ddr.21509
https://doi.org/10.1002/ddr.21509
https://doi.org/10.1016/j.lfs.2018.11.008
https://doi.org/10.1002/fsn3.1342

