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Abstract
Preeclampsia (PE) is a severe pregnancy disorder posing significant health risks to both the mother and the fetus without available 
preventive measures or treatments. More specifically, the main pathological feature of early-onset PE (EO-PE) is the incomplete 
transformation of the spiral artery. Meanwhile, aspirin has proven effective for the treatment and prevention of PE. Previous 
studies indicated a relationship between the phytochemical compound of kopyor coconut water (KCW) and nutritional treatment 
for PE. Therefore, the objective of this study was to determine the efficacy of KCW as a potential preventive treatment for PE. An 
experimental laboratory method was used with pre-test and post-test control group designs. The samples comprised 35 pregnant 
Wistar rats, divided into five groups with seven members each. Rats were then randomized into control and groups exposed to 
L-NAME, L-NAME and aspirin, L-NAME and KCW 2 ml/200 gBW, as well as L-Name and KCW 2 ml/200 gBW for GD4 to 19. 
The results showed that after administering L-NAME to induce EO-PE, mean arterial pressure (MAP), proteinuria, placental 
hypoxia, oxidative stress, and endothelial dysfunction decreased due to KCW nutritional treatment. Specifically, KCW nutrition 
prevented the uterine spiral artery from expanding and reduced the number of neutrophils. The decreased survival rate caused by 
L-NAME-induced PE was reversed by providing KCW nutrition. Moreover, results indicated that KCW was a potential alternative 
for the prevention and treatment of EO-PE even at doses of 2 or 3 ml/200 gBW, offering insights for the community and clinical 
practitioners in treating PE as a therapeutic option.
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Introduction
Preeclampsia (PE) is one of the main causes of morbid-
ity and mortality in mothers and fetuses (Bouter and 
Duvekot 2020). According to reports, 500,000 fetuses 
and 76,000 pregnant women pass away from PE annual-
ly (Poon et al. 2021). This condition is characterized by 
systolic blood pressure ≥140 mmHg and diastolic blood 
pressure ≥90 mmHg on at least two measurements taken 
4 hours apart in previously normotensive women, which 
begin 20 weeks into pregnancy (ACOG 2020). PE is clas-
sified into two categories, early-onset (EO) and late-onset 
(LO), which have unique effects on the fetus and neonate. 
Perinatal mortality increases approximately 10-fold high-
er in EO and twice in LO (Poon et al. 2021).

Early onset Preeclampsia (EO-PE) is a condition that 
can endanger the lives of the mother and the fetus (Staff 
et al. 2022). The onset of the condition is characterized by 
trophoblast invasion disorders, uterine spiral artery trans-
formation, immune maladaptation, and elevated markers 
of endothelial dysfunction (Staff 2019). Patients with PE, 
especially those with EO, have significantly higher levels 
of HIF-1α in their serum due to placental ischemia and 
trophoblast hypoxia (Tianthong and Phupong 2021). 
Moreover, excessive systemic inflammation can increase 
local oxidative stress responses, leading to decreased an-
tioxidants. Furthermore, the liver and lymphocytes pro-
duce alpha-1 microglobulin (A1M), which aids cells in 
fending off damage from oxidative stress and fetal hemo-
globin (HbF) (Kristiansson et al. 2020). Additionally, an 
imbalance between VEGF and PlGF causes decreased NO 
and increased eNOS, which in turn causes endothelial 
damage and vascular dysfunction, ultimately leading to 
endothelial dysfunction (Pereira et al. 2021). Consequent-
ly, endothelial dysfunction leads to increased vascular re-
sistance, heightened glomerular permeability, and other 
symptoms, including cerebral edema and liver dysfunc-
tion, ultimately resulting in PE (Jung et al. 2022).

The management of PE using aspirin has proven to be a 
cost-effective strategy compared to aspirin prophylaxis for 
high-risk women. Aspirin, an anti-inflammatory drug, is a 
non-steroidal molecule that acts as a cyclooxygenase (COX) 
inhibitor (Shanmugalingam et al. 2020). However, other 
potential side effects, such as bleeding, are a serious concern 
(Rolnik et al. 2022). Prevention and treatment interventions 
for PE are more effective in the early phase before spiral ar-
tery remodeling progresses towards worsening effects, lead-
ing to hypertension, proteinuria, tissue edema, and multi-
ple systemic organ damage (Lecarpentier et al. 2016). The 
standard treatment for PE has not been established. Even 
though, recently, daily low-dose aspirin (150 mg/day) has 
been reported to reduce the risk of EO-PE (before 34 weeks 
of pregnancy) if it is initiated before the first trimester of 
pregnancy. However, aspirin does not reduce the risk of 
LO-PE (at or after the 34th week of pregnancy). Data report-
ed that there were approximately 90% of cases of LO-PE in 
developed countries and 40% to 70% in developing coun-
tries (Kalafat et al. 2020). In addition, long-term treatment 

with aspirin has negative impacts, including bleeding at the 
last stage of pregnancy (Hastie et al. 2021).

Herbal remedies, such as Extra Virgin Olive Oil 
(EVOO), which has high levels of monounsaturated fatty 
acids that can inhibit the angiotensin-converting enzyme 
(ACE), control blood pressure, and lower urine levels of ni-
tric oxide and 8-isoprostane, are another treatment option 
for PE (Alcaide-Hidalgo et al. 2020). However, consuming 
high doses of olive oil may lead to weight gain and nausea 
in some individuals (Lakshmanan et al. 2020). Previous 
studies reported that coconut water attenuated blood pres-
sure and mitigated inflammation (Bhagya et al. 2012; Aira-
odion et al. 2020; Lakshmanan et al. 2020). In addition, it 
reduces oxidative stress induced by isoproterenol-induced 
myocardial infarction (Prathapan and Rajamohan 2011).

Several bioactive natural products have been used both 
as prophylaxis and treatment to prevent or alleviate dis-
orders (Cragg and Pezzuto 2016). The advantage of us-
ing natural products is their high tolerability and mini-
mal side effects. The coconut tree, commonly referred to 
as the “tree of life,” is a tropical plant whose entire part 
of the plant is beneficial to human life (Rao and Najam 
2016). Typically, one coconut has 300 milliliters of water, 
ranging in pH from 3.5 to 6.1 based on the type, maturity, 
and climate (Lopez 2023). Young coconut water is rich in 
minerals and amino acids, and its composition is similar 
to that of an isotonic fluid, making it ideal for replacing 
bodily fluids (Yong et al. 2009). L-arginine (Arg), a func-
tional amino acid (AA), is an essential substrate for the 
production of NO, creatine, polyamines, homoarginine, 
and agmatine in mammals, including humans, acting 
as protein building blocks (Wu et al. 2021). Nitric oxide 
(NO) increases blood flow to tissues, while arginine and 
its by-products are important for physiology and metabo-
lism (Tuyekar et al. 2021).

Kopyor Coconut Water (KCW) (Cocos nucifera L. var. 
Kopyor), commonly known as Kelapa Kopyor in Indone-
sia, is a member of the Cocos nucifera family and a new 
substitute for PE due to the high arginine content. A pre-
vious study reported that KCW consists of vitamins C and 
E. The prominent amino acids are glutamic acid, alanine, 
and arginine. In addition, KCW contains high levels of 
Mn, Zn, and Mg but low levels of vitamins B1, B2, and C, 
as well as sucrose (Santoso et al. 1996).

A previous study revealed that tender coconut water 
(TCW) could lower blood pressure in hypertensive rats 
by reducing oxidative stress (Bhagya et al. 2012). In ad-
dition, another previous study also reported that TCW 
affects free radicals due to mercury exposure (Zulaikhah 
and Wibowo 2018). However, the mechanism behind 
anti-inflammatory properties has not been determined 
(Radenahmad et al. 2012). TCW regulates the expression 
of inflammatory mediators and NO production mediated 
by cytokines, Nos2 mRNA, and iNOS protein expression 
in the primary hepatocytes of rats (Lakshmanan et al. 
2020). This study proposed that KCW would prevent the 
primary cause of EO-PE, uterine spiral artery remodeling, 
due to its anti-inflammatory properties.
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Materials and methods
Materials

The KCW was obtained from Puan Kalianda, Tanjung 
Anom Village, Kalianda Sub-district, South Lampung 
Regency, Lampung Province, Indonesia. Subsequently, 
KCW was prepared at PT Saraswati Indo Genetech 
(SIG), as reported. Female Wistar rats were provided by 
the Integrated Research and Testing Laboratory (LPPT) 
at 4 Universitas Gadjah Mada Yogyakarta. L-nitro-
arginine methyl ester (Cas. No. 51298-62-5) and aspirin 
(Cas. No. 50-78-2. 1.2) were purchased from Sigma, St. 
Louis, Missouri, USA. In addition, proteinuria (Catalog 
Number FY-RA 4983), fetal hemoglobin (HbF) 
(Catalog Number FY-RA 4973), hypoxia-inducible 
factor 1α (HIF1α) (Catalog Number RK 03528), and 
endothelial nitric oxide synthase (eNOS) (Catalog 
Number RK03528) were acquired from Eiyue Biology 
Company, China.

Methods

Animal experimental study design

This study was an in vivo experiment with a pre-post-
test control group design, except for the levels of HbF, 
eNOS, and uterine spiral artery diameter (USAD). The 
number of female rats was calculated using the G-Power 
statistical tool, downloaded from https://www.gpower.
com/Menu/OE_Menu.htm. The 6–8-week-old healthy 
female Wistar rat weighing 180–200 g was mated with 
the 8–12-week-old male rat weighing 250–350 g before 
developing the PE model. Pregnancy was determined by 
examining the presence of copulation plugs in the va-
gina or sperm through vaginal swabs. Subsequently, it 
was observed under a light microscope (Olympus CX32; 
Olympus, Tokyo, Japan) at 100× magnification. Induc-
tion was carried out by providing drinking water con-
taining 0.75 mg/mL L-nitro-arginine methyl ester from 
gestational day 4 to 19.

Furthermore, rats were randomly divided into 5 differ-
ent groups:

PC	 Pregnant control rats 
(PC) without L-nitro-ar-
ginine methyl ester treat-
ment, n = 7.

PE	 Pregnant rats were ex-
posed to L-nitro-arginine 
methyl ester from gesta-
tional day 4 to gestational 
day 19, n = 7.

PE + aspirin 2 ml 1.5 mg/kg BW	 Pregnant rats were ex-
posed to L-nitro-arginine 
methyl ester and aspirin 
from gestational day 4 to 
gestational day 19, n = 7.

PE+KCW 2 ml/200 g BW	 Pregnant rats were ex-
posed to L-nitro-argi-
nine methyl ester and 
2 ml/200 g BW of KCW 
from gestational day 4 to 
gestational day 19, n = 7.

PE+KCW 3 ml/200 g BW	 Pregnant rats were ex-
posed to L-nitro-argi-
nine methyl ester and 
3 ml/200 g BW of KCW 
from gestational day 4 to 
gestational day 19, n = 7.

Aspirin, 1.5 mg/kg BW/day (2 ml) or KCW (2 or 3 ml), 
was administered for 16 consecutive days by oral gavage. 
At the end of the experimental period, all animals were 
sacrificed using 100 mg/kg thiopental sodium intraperito-
neally (a cervical dislocation was performed to verify the 
death of mice). The ethics committee of the medical fac-
ulty at Universitas Sebelas Maret (UNS) approved the ex-
perimental protocol. The ethical code is 164/UN27.06.11/
KEP/EC/2022 on 01 November 2022.

Measurements of serum HbF and eNOS levels
A total of 1.5 ml of venous blood was centrifuged at 
1,500 rpm for 10 min. Subsequently, the collected serum 
was stored at -20 °C before further analysis. Levels of HbF 
and eNOS in the serum were measured using the man-
ufacturer›s protocol. Standard and sample absorbance 
values were measured spectrophotometrically at a wave-
length of 450 nm.

Tissue preparation for measurement of 
USAD and placental tissue HIF1α levels
The region of the endometrium where the placenta is 
based is known as the fixed uterine tissue. Briefly, the tis-
sue was processed for grossing and fixation (8–48 hours), 
followed by dehydration, clearing, and embedding for 24 
hours at 58 °C. Subsequently, paraffin block preparation/
deparaffinization (blocking, sectioning, identification, 
and incubation) and histopathological observation of the 
uterus were conducted. Furthermore, the level of HIF1α 
in placental tissue was observed. Briefly, a total of 0.1 g of 
sample was homogenized in a 0.9 ml PBS solution, fol-
lowed by centrifugation at 5000 rpm for 5 min (4 °C) to 
collect the supernatant.

Urine analysis and blood pressure measure-
ment
Rats were housed in separate metabolic cages for 24 hours, 
followed by measurement of urine output on gestational 
day 4, gestational day 12, and gestational day 19. The BP-
2000 Blood Pressure Analysis System (Visitech Systems, 
Inc., Apex, NC, USA) was used to perform a non-invasive 
tail-cuff to measure mean arterial pressure (MAP) on ges-
tational day 7, gestational day 13, and gestational day 18. 
Subsequently, all female rats were warmed to a tempera-
ture of 38 °C for further analysis.

https://www.gpower.com/Menu/OE_Menu.htm
https://www.gpower.com/Menu/OE_Menu.htm
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Statistical analysis

A paired t-test was used to assess differences in nor-
mally distributed variables between pre- and post-test 
groups. All data were presented as means ± SD. The post 
hoc Tukey test was used alongside a one-way analysis of 
variance (ANOVA) to assess group comparisons. In ad-
dition, ANOVA and post-hoc Bonferroni tests were used 
to evaluate group differences over time. The analysis was 
performed using GraphPad Prism version 9.1.1 software 
(GraphPad Software, San Diego, CA, USA) (p < 0.05).

Results
Characteristics of experimental animals

This study conducted a similar assessment on the gesta-
tional day of pregnancy by measuring the body weight, 
rectal temperature, systolic blood pressure, diastolic blood 
pressure, MAP, and urine volume of rats, as shown in 
Table 1. Results revealed those parameters were not sig-
nificantly different between each group (p > 0.05).

KCW nutritional treatment prevented L-nitro-arginine 
methyl ester-induced vasoconstriction in the uterine spi-
ral artery of PE rats.

USAD was determined at the placental site to reflect 
the response of spiral artery remodeling. As shown in 
Fig. 1, KCW nutritional treatment was more effective 
in reducing spiral artery remodeling failure. USAD in 
H&E histopathology showed a similar trend, where 
KCW 3 ml/200 g BW had a stronger effect compared to 
aspirin and KCW 2 ml/200 g BW, as shown in Fig. 1b. 
The results suggested that in the PE model, KCW nu-
tritional treatment enhanced aspirin inhibition of vaso-
constrictive responses.

KCW nutritional treatment attenuated 
placental hypoxia in L-nitro-arginine methyl 
ester -induced PE rats
In order to illustrate hypoxia in the placental tissue of PE 
rats, the levels of HIF1α were measured. Results revealed 
that placental HIF1α samples decreased after L-nitro-argi-
nine methyl ester induction; it might be due to the presence 
of aspirin or KCW nutritional treatment. In the KCW group 

of 3 ml/200 g BW, results showed that the levels of HIF1α 
were higher compared with the aspirin group, as shown in 
Fig. 2. The results suggested that the reduction in hypoxia 
regulation induced by L-nitro-arginine methyl ester was in-
fluenced by KCW nutritional treatment at 3 ml/200 g BW.

KCW nutritional treatment reduced oxi-
dative stress and serum HbF levels in L-ni-
tro-arginine methyl ester-induced PE rats
Examining markers of systemic oxidative injury revealed 
a marked rise in the onset of PE. The effects of aspirin were 
significantly increased in pregnant rats treated with L-ni-
tro-arginine methyl ester, as Fig. 3 illustrates. The findings 
indicated that a dose of KCW 3 ml/200 g BW and aspi-
rin could decrease the increased activation of NADPH 
oxidase (NOX2) caused by L-nitro-arginine methyl ester. 
This dose had a more notable effect than 2 ml/200 g BW.

KCW nutritional treatment attenuated 
endothelial dysfunction in L-nitro-arginine 
methyl ester serum-induced PE rats
In order to illustrate endothelial dysfunction in the blood 
of PE rats, eNOS levels were measured in this study. The 
findings showed that L-nitro-arginine methyl ester induc-
tion reduced eNOS levels in serum samples, which could be 
raised by taking quercetin or aspirin. Preventive treatment 
groups receiving doses of 2 ml/200 g BW, 3 ml/200 g BW, 
and aspirin had eNOS levels that were significantly higher 
than those of the PE group, as shown in Fig. 4. As seen in 
Fig. 3, similar outcomes were achieved on the fourth day; 
however, on gestational day 20, serum eNOS levels were 
elevated by KCW doses of 2 ml/200 g BW, 3 ml/200 g BW, 
and aspirin. The findings indicated that KCW nutritional 
therapy enhanced endothelial vascular function in PE in-
duced by L-nitroarginine methyl ester.

KCW nutritional treatment reduced MAP 
and urinary protein levels in L-nitro-arginine 
methyl ester-induced PE rats
MAP of pregnant rats was measured on gestational day 
4, gestational day 13, and gestational day 19, as shown in 
Fig. 5a, b. On gestational day 0, baseline MAP and protein-
uria in each group did not show significant differences, as 
illustrated in Table 1. Compared to the PC group, the MAP 
of rats significantly increased after L-nitro-arginine methyl 

Table 1. Characteristics of experimental animals.

Variable PC PE PE+Asp PE+KCW 2 ml/200 g BW PE+KCW 3 ml/200 g BW p-value
Mean ± SD

Rats weight (g) 186.19 ± 9.88 187.71 ± 6.84 183.60 ± 7.52 180.23 ± 2.33 187.90 ± 8.35 0.358
Temperature (°C) 36.99 ± 0.5 37.48 ± 0.70 37.28 ± 0.2 37.10 ± 01 37.20 ± 0.2 0.358
SBP (mmHg) 104.86 ± 11.16 98.00 ± 7.5 97.86 ± 17.28 102.29 ± 10.01 105.29 ± 9.52 0.615
DBP (mmHg) 72.58 ± 7.1 70.00 ± 7.02 70.29 ± 11.11 71.71 ± 10.73 70.00 ± 8.02 0.164
MAP (mmHg) 81.34 ± 7.12 80.33 ± 5.33 79.48 ± 12.62 81.90 ± 8.65 81.76 ± 7.13 0.453

Proteinuria (ml) 11.71 ± 1.38 11.43 ± 1.51 12.57 ± 2.37 12.09 ± 0.75 11.86 ± 1.34 0.328

Note: PC = pregnant control rats, PE = preeclampsia, PE+ASP = preeclampsia+aspirin, PE+KCW 2 ml/200 g BW = preeclampsia+KCW 2 ml/200 
gBB, PE+KCW 3 ml/200 g BW, p-value = Anova test p < 0.05 = significantly different, SBP = systolic blood pressure, DBP = diastolic blood pressure, 
MAP = mean arterial pressure.
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ester treatment on gestational day 13, which was re-regulat-
ed by KCW and aspirin. The results indicated that 3 mg/kg 
KCW affected MAP and proteinuria in PE rats. More pre-
cisely, KCW nutritional therapy showed a higher capacity 

to lower MAP. Proteinuria in each group was also detect-
ed on gestational day 4, gestational day 12, and gestational 
day 19, as shown in Fig. 5a, b. After receiving L-nitro-argi-
nine methyl ester treatment, the rise in proteinuria levels 
was re-regulated with aspirin and KCW 3 ml/200 g BW. In 
line with MAP, KCW nutritional treatment and aspirin also 
showed a stronger ability to reduce proteinuria, as depicted 
in Fig. 1b. Therefore, it was concluded that KCW nutritional 
treatment enhanced the effects of reducing MAP and pro-
teinuria in L-nitro-arginine methyl ester-induced PE rats.

Impact of KCW nutritional treatment 
on the course of pregnancy in L-nitro-ar-
ginine methyl ester-induced PE rats

Significant variations were observed in the number of vi-
able fetuses among PC, PE, KCW nutritional treatment, 
and aspirin (Fig. 6). However, in normal pregnant rats 
receiving KCW nutritional treatment and aspirin or not, 
there were no differences in placental weight. Rats given 
L-nitro-arginine methyl ester showed no discernible de-
crease in average fetal weight, as shown in Fig. 6. The find-
ings indicated that KCW improved the number of viable 
fetuses and the outcomes of the pregnancy.

Discussion

According to the results, the administration of 75 mg/kg 
BW/day of L-nitro-arginine methyl ester inhibited NO syn-
thesis in the endothelium, which mimics the effects of PE 
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and functions in vascular relaxation, followed by the failure 
of syncytiotrophoblasts to transform from a proliferative 
epithelial to an invasive endothelial subtype. This resulted 
in the spiral artery’s imperfect remodeling, which is thought 
to be the cause of EO-PE and is characterized by a narrow-
ing diameter. Failure causes the fetal placenta to become hy-
poxic, which is indicated by elevated HIF1 levels in placen-
tal tissue. Subsequently, placental hypoxia led to increased 
lipid peroxidation in L-nitro-arginine methyl ester-admin-
istered rats, causing elevated free radical production.

KCW is a natural plant product with antioxidant prop-
erties in several experimental models and protects the liver 
from chemical toxin injury (Bhagya et al. 2012). Previous 

studies reported that oral kopyor administration reduced 
oxidative stress caused by isoproterenol myocardial in-
farction (Prathapan and Rajamohan 2011) and decreased 
inflammation (Rao and Najam 2016) in rats. However, the 
mechanism of the vasoconstriction effect is unknown. This 
study found that KCW activates NO synthesis through 
eNOS levels and simultaneously affects USAD.

The administration of KCW, both at 2 ml/200 g BW 
and 3 ml/200 g BW, prevented vasoconstriction in the 
uterine spiral artery, reduced placental hypoxia, and low-
ered serum HbF levels and lipid peroxidation. In addition, 
KCW prevented endothelial dysfunction by reducing 
eNOS levels, decreasing MAP and urine protein levels, 
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Figure 6. The impact of KCW nutritional treatment on the course of pregnancy in L-NAME-induced PE rats. Surviving rats (a), 
placental weight (b), and fetal weight (c) were compared. Data are presented as means ± SD. ANOVA and post hoc Tukey test were
significant at *p < 0.05 compared to the PC group; # p < 0.05 compared to PE; ns p ≥ 0.05.
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and preventing a decrease in the number of live fetuses 
induced by L-nitro-arginine methyl ester. An important 
pathophysiologic theory pertaining to EO-PE is the par-
tial transformation of the spiral artery, which is vital for 
the placenta and fetus’s nutrition supply (Staff 2019).

The results showed that there was a significant differ-
ence between the PE+LDA group, PE 2 ml/200 g BW, and 
PE 3 ml/200 g BW compared to only the PE group. This 
was consistent with a study that was conducted by Lalita 
(2019). The findings demonstrated a significant effect on 
USAD when 60 Mus Musculus were given anti-Qa at a 
dose of 10 ng from the first to the fourth day of pregnancy. 
KCW’s high arginine content can promote the synthesis of 
NO. Meanwhile, it has been established that NO, an endo-
thelial vasodilator, is flawed in PE (Sari 2019).

Hypoxia-inducible factor 1-alpha, also known as 
HIF1α, is a major transcriptional regulator of the adap-
tive response to hypoxia (Tal 2012). Based on the results, 
KCW mitigated hypoxia in the placenta of PE rats. There 
was a significant difference (p < 0.05) between the PC and 
PE groups. On the other hand, there was no significant 
difference (p > 0.05) between the PE+2 ml/200 g BW and 
3 ml/200 g BW groups compared to the PE group. Like-
wise, a study conducted at the Department of Obstetrics 
and Gynecology, Safdarjung Hospital, New Delhi, India, 
on ninety women with EO-PE discovered a significant 
difference in HIF1α expression between the PC and PE 
groups (Rath et al. 2016). The high content of arginine in 
coconut water is a precursor for the powerful endothelial 
vasodilator, namely nitric oxide (NO), which plays a role 
in increasing blood vessel diameter. Moreover, L-arginine 
decreases malondialdehyde levels and HIF-1α expression 
to effectively repair oxidative damage caused by hypoxia 
(Al-Rasheed et al. 2016).

Hemoglobin fetus (HbF) is the primary oxygen-car-
rying protein in the human fetus (Perutz et al. 1987). 
The results showed that KCW reduced oxidative stress 
levels in serum HbF. On the fourth day of pregnancy, 
there were no significant differences in any of the groups. 
However, on day 20, the HbF levels in the PC and PE 
groups differed significantly. Additionally, compared 
to PC, there were significant differences between the 
PC+LDA, PC 2 ml/200 g BW, and PC 3 ml/200 g BW 
groups. The findings were in line with a study that found 
that 86 pregnant patients with PE who visited the ob-
stetric unit at St. George Hospital had noticeably higher 
serum HbF concentrations and went on to develop PE 
(Anderson et al. 2016). Increased Hb-F leakage into the 
mother›s blood may act as a mediator for systemic ef-
fects. Moreover, HbF can also raise blood pressure and 
improve blood vessel contractility.

Endothelial nitric oxide synthase is an enzyme that 
regulates the availability of NO (Gambardalle et al. 2020). 
According to the results, KCW mitigated endothelial dys-
function. On the fourth day of pregnancy, there were no 
significant differences found in any of the groups. How-
ever, the HbF levels of the PC and PE groups differed 
significantly on day 20. In comparison to PE, significant 

differences were also seen between the PE+LDA and PE 
3 ml/200 g BW groups. The findings are in line with a 
study that found that, compared to 143 pregnant wom-
en without PE, 63 pregnant women with PE at Bharati 
Hospital and Gupte Hospital in Pune, Maharashtra, In-
dia, had comparatively lower levels of eNOS (Dsouza 
et al. 2016). In general, eNOS is a crucial mediator for 
cardiovascular homeostasis, controlling blood vessel di-
ameter and preserving normal levels of cell division and 
apoptosis. (Heiss et al. 2015). As previously reported, 48 
male Sprague-Dawley rats given oral l-arginine supple-
mentation (100 mg/kg/day) for 12 weeks had reduced 
eNOS gene expression in the abdominal aorta (Adejare 
et al. 2020). This suggests that the high arginine content 
in KCW may increase eNOS levels. It might be due to 
arginine serving as a substrate for eNOS to produce ni-
tric oxide, which in turn plays a crucial role in regulating 
vascular tone and blood pressure through vasodilation 
(Elms et al. 2013).

Mean arterial pressure and proteinuria are the pri-
mary indicators for diagnosing PE. Results revealed that 
the administration of KCW reduced MAP and protein-
uria levels. There was no significant difference in MAP 
or proteinuria on the fourth day of pregnancy across 
any group. However, significant differences between the 
PE and PC groups as well as the PE, KCW 2 ml/200 g 
BW, and KCW 3 ml/200 g BW groups were observed on 
days 13 and 19 (Fig. 6a). The results were consistent with 
a study conducted by Bhagya et al. (2012), in which six 
male Sprague-Dawley rats were exposed to 4 mL/100 g 
BW high-variety TCW for 42 days, then reduced blood 
pressure from (145±2) mmHg to (126±3) mmHg. It might 
be due to the high content of minerals, amino acids, and 
vitamins in KCW. Those minerals help to counteract the 
effects of sodium and regulate fluid balance in the body 
(Zarean and Tarjan 2017). Moreover, it plays a role in re-
laxing blood vessels and modulating blood pressure (Xie 
et al. 2020) by vasodilating and attenuating blood pressure 
(Li et al. 2022). In addition, an antioxidant may help to 
improve endothelial function and reduce oxidative stress 
(Benachi et al. 2020).

Fetal death or distress is another effect of EO-PE, and 
the number of live fetuses is affected by KCW adminis-
tration but not placental or fetal body weight. This study 
may be considered the first report of KCW effects on the 
number of viable fetuses in rats suffering from PE. The to-
tal number of alive and dead offspring at birth is the num-
ber of normal fetuses, based on litter size (Eisen 1989). 
According to Inglis (1980), mice typically have litter sizes 
of eight to eleven, but Smith and Mangkoewidjojo (1988) 
reported that litter sizes could reach as high as fifteen. The 
age of the parents, the time of birth, the food, and the sur-
roundings all affect the number of children (Rosenfeld et 
al. 2003). The quantity and quality of food provided to the 
parents, the time of mating, the number of eggs laid, and 
the degree of embryo mortality are among the environ-
mental factors that have a significant impact on the num-
ber of fetuses in a litter (Otto et al. 2015). The number of 
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live fetuses has a strong influence on placental and fetal 
body weight, although it is not significant.

The results of this study showed that pregnancy hy-
pertension, L-nitro-arginine methyl ester-induced pro-
teinuria, and adverse pregnancy outcomes like placental 
weight and fetal growth restriction were all exacerbated 
by uterine spiral artery narrowing. Followed by the uter-
ine spiral artery constriction, and the attenuation of live 
pup numbers might be due to placental hypoxia. In ad-
dition, results showed the effects of KCW on pregnancy 
outcomes in L-nitro-arginine methyl ester-induced EO-
PE rats. The increased survival ratio was enhanced by 
KCW nutritional treatment but did not affect placental 
weight in EO-PE rats for either of the two doses or as-
pirin treatment. The findings indicate that KCW signifi-
cantly affects MAP, proteinuria, lipid oxidation, and au-
tophagy, among other PE symptoms. However, placental 
diameter in EO-PE was not observed. It was established 
that lesions in the villous and vascular placenta and ab-
errant trophoblast invasion were closely related to EO-
PE. Histopathological characteristics of the placenta of 
rats given L-nitroarginine methyl ester to induce EO-PE 
need to be noted in order to further validate the effects 
of KCW.

Conclusion

In conclusion, KCW improved uterine spiral artery re-
modeling, prevented placental hypoxia, and raised levels 
of the antioxidant HbF in plasma in PE Wistar rats, all 
of which prevented endothelial dysfunction. KCW stim-
ulated the HIF1α and eNOS pathways, which led to a de-
crease in HbF and eNOS levels. Additionally, this study 
showed that in rats induced with L-nitroarginine methyl 
ester, KCW nutritional treatment could improve the pre-
ventive and therapeutic effects of EO-PE. The findings 
provided a novel strategy for the management and avoid-
ance of PE in people.
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