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Abstract 
Preeclampsia (PE) is a pregnancy induced hypertensive disorder and an important cause of maternal and fetal 

morbidity and mortality. It affects about 3 - 8% of all pregnancies worldwide. Placental factors that arise from 

placental hypoxia/ischemia set off molecular and cellular cascades, resulting in vascular endothelial dysfunction. 

The aim of study was to clarify the possible protective effect of Artemisinin (ART) on the placenta of L-NAME 

induced rat model of PE and to explore possible involved mechanisms. Thirty pregnant female Sparge Dawley rats 

were randomly divided into 3 groups (10 rats/each): The control group, PE-group, and ART treated group. L-Nitro 

arginine methyl ester (L-NAME; 75 mg/kg body weight/day) was injected subcutaneous from day 10 to day 19 of 

gestation to induce hypertension during pregnancy.  The mean arterial blood pressure (MABP) and 24-hour protein 

in urine were determined before scarification. Rats were sacrificed on day 20 of gestation, Placental tissues 

homogenate was prepared for evaluation of oxidative stress markers. Additionally, Slices from placenta were 

studied by light and electron microscopes. The MABP, 24-hour protein in urine and oxidative stress markers in the 

PE-group were significantly higher when compared to control group. ART treated group had a non-significant 

decrease in MABP although had a significant decrease in proteinuria and oxidative markers when compared to PE-

group. The histopathological examination of ART group showed partial improvement in both light and electron 

microscopic findings as regard placental vascular changes and cellular parameters when compared to PE group. 

The present study concluded that ART exerted protective effect in preeclampsia model through oxidative stress 

correction and reduction of proteinuria along with improvement of placental vascular and cellular changes in both 

light and electron microscopies. 

Keywords: Artemisinin, Preclampsia, LNAME. 
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Introduction 

Preeclampsia [PE] is defined as a de novo hypertensive progressive disorder with significant proteinuria 

appearing during the second or third trimester of gestation (Augusto et al., 2020). Hypertensive disorders of 

pregnancy complicate 10% of all pregnancies worldwide. Pregnancies complicated by pre-eclampsia show an 

increase in maternal and perinatal morbidity and mortality in the developing world (Hurrell et al., 2020).  

The main pathophysiology of PE includes poor placental perfusion, endothelial cell dysfunction, and 

disturbed balance of angiogenic factors. Poor placental perfusion is a stimulus for reactive oxygen species (ROS) 

production, increased maternal inflammation, immunologic dysfunction, suppression of endothelial nitric oxide 

(eNOS), enhanced inducible nitric oxide (iNOS), endothelin-1production (ET-1) and increased circulating levels 

of both the anti-angiogenic protein the plasma soluble factor-like tyrosine kinase-1 (sFlt-1), caspase-3 expression, 

decrease placental growth factor (PLGF), and decrease vascular endothelial growth factor; VEGF (Goulopoulou 

and Davidge, 2015). 

In pre-eclampsia, oxidative stress and maternal inflammatory response seem to be exaggerated due to the 

release of inflammatory cytokines like tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), interleukin-10 

(IL-10), and C-reactive protein; CRP (Gilbert et al., 2008). Poor placental perfusion is a trigger for ROS formation 

and production like nitric oxide (·NO), superoxide (O·−2), hydrogen peroxide (H2O2), hydroxyl radical (·OH), 

and peroxyl nitrite; ONOO− (Aouache et al., 2018b). 

There are multiple animal models of PE, and the ideal animal model should help to understand the 

pathophysiological mechanisms of the PE disease and the therapeutic strategies involved in its management (Jim 

and Karumanchi, 2017). The most popular one is induced by the administration of Nitro L-arginine methyl ester 

(L-NAME) which inhibit nitric oxide synthase (NOS) during mid to late period of gestation (Soobryan et al., 2017). 

Artemisinin (ART) is isolated from the plant Artemisia annua, sweet wormwood, an herb employed in 

Chinese traditional medicine (Shu et al., 2018). It is a well-known antimalarial drug showing antibacterial, 

antifungal, antileishmanial, antioxidant, antitumor, anti-inflammatory activity, and immunomodulatory effects 

(Shakir et al., 2011). It had been proven to be protective in models of post-infarct myocardial remodeling, lupus 

nephritis, experimental autoimmune encephalomyelitis, and Alzheimer disease (Zhang et al., 2016). ART is a 

clinically safe medication with few side effects, so it is suitable for long-term clinical applications (Yan et al., 

2017). ART was reported to exert an inhibitory effect on inducible nitric oxide synthase (iNOS) synthesis (Wang 

et al., 2017). Also, several studies had demonstrated that ART can decrease inflammation by down-regulation of 

TNF-α ,interleukin1B (IL-1β),   nuclear factor  kappa B (NF-kB) and transforming growth factor-β1;TGF- β1 

(Zhang et al., 2016).  ART may be a promising drug in prophylaxis of PE due to anti-inflammatory and antioxidant 

effect. 

Materials and Methods 

Chemicals and drugs used 

Artemisinin (ART) is raw material powder was purchased from Nanjing Yuan Sen Thai Biological 

Technology Co., China. Carboxy methyl cellulose (CMC) (0.5%) is raw white powder material from (Sigma -

Aldrich, USA). N(gamma)-nitro-L-arginine methyl ester (L-NAME) is white powder obtained from (Sigma -

Aldrich, USA). 

Experimental animals  

Thirty adult female Sprague-Dawley rats weighing 200-250 grams and thirty adult male Sprague- Dawley 

rats were used throughout this study. They were obtained from the medical experimental research center (MERC), 

Mansoura faculty of medicine. Seven days prior to the experiment, the animals were acclimatized to standard 

laboratory conditions, and they were put in similar optimum housing condition with free access to food and water. 

The animals were housed in plastic cages lined with sawdust that was renewed daily and were observed for food 

intake. They were kept in cages at a room with controlled temperature (23 ± 2°C), humidity (50 ± 5%) and 12-h 

light–dark cycle. The care and use of animals were done according to the “Guide for the Care and Use of Laboratory 

Animals” prepared by the Institute of Laboratory Animal Research and published by the National Research 

Council, USA, 2011.The study design and protocol was revised and approved by Mansoura Faculty of Medicine, 

Institutional Research Board (IRB) code number: MS.19.10.852. 

Grouping of animals in experimental design 

 Thirty adult female pregnant Sprague-Dawley rats were divided into three groups (10 rats in each group) 

as the following: 

 Control group: Pregnant rats were received carboxy methyl cellulose (0.5 % CMC) by oral gavage (Gu 

et al., 2012a).   
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 Preeclampsia (PE) group: Pregnant rats were administered L-NAME (75 mg/kg / body weight/ once 

daily) starting from gestational day (GD 10) till end of pregnancy via subcutaneous injection (Shu et al., 

2018). 

 Artemisinin-treated group: Pregnant rats were received ART powder dissolved in 0.5% CMC  as vehicle 

at dose of (75 mg/kg / body weight/ once daily) by oral gavage from gestational day (GD7)  till end of 

gestation period and were administered L-NAME (75 mg/kg / body weight/ once daily) starting from 

gestational day (GD 10) till end of pregnancy  via subcutaneous injection (Gu et al., 2012b).  

Methods of Diagnosis of Pregnancy in current study 

A. Vaginal Smear 

1.Day Zero of pregnancy: Female rats in the estrus period were mated with male rats at a ratio of one female to 

one male. They were confined in wire-bottomed cages overnight. 

2.On the next day: Using a standard saline solution and a tiny pipette, the females' vaginal lavages were tested 

for the presence of vaginal plug and/or sperms (Marcondes et al., 2002). 

3. The first day of pregnancy:  vaginal fluid was inspected under a microscope. Females with sperm positive were 

thought to be pregnant  

 

B. Ultrasonography (US): 

Female rats were anaesthetized using a nose cone and 3.0% isoflurane in oxygen. A 15 mega -hertz (MHz) 

transducer was used for transabdominal ultrasound. The presence of gestational sacs confirm pregnancy 

(Stasinopoulou et al., 2014). On day 20 of pregnancy, rats were weighed and fasted overnight before being scarified 

by decapitation under light halothane anesthesia at dose of 30 mg/kg/body weight (Kissin et al., 1983). The gravid 

uterine horns were exposed by lower midline abdominal incision, the sacs were opened, the fetus and the umbilical 

cord were exposed. The placentae were detached, and the specimens of the placentae were rapidly fixed in 10% 

neutral buffer formalin for 48 hours and then washed by tap water. 

Biochemical assay oxidative stress marker using placental homogenates: 

Placental tissues were rinsed in phosphate buffer saline (PBS) to remove excess blood, homogenized in 5 

ml of PBS per gram tissue and stored at < 20 °C overnight. The homogenate was centrifuged at 2000xg for 5 

minutes super mutant was removed and delivered into Eppendorf's and frozen at 80 °C until assay (Simpson, 2010). 

Assay of reduced glutathione (GSH) level in placental tissue homogenates:  

GSH was measured using reduced glutathione colorimetric determination kits (Bio diagnostic, Giza, 

Egypt). (Rahman et al., 2006). 

Assay of lipid peroxidase (malondialdehyde); MDA level in placental tissue homogenates:  

          Malondialdehyde was measured using lipid peroxidase (MDA) colorimetric determination kits (Bio 

diagnostic, Giza, Egypt). (Ohkawa et al., 1979).  

Assay of inducible nitric oxide; iNO level in placental tissue homogenates:  

           Nitric oxide was measured using NO colorimetric assay kits (Bio diagnostic, Giza, Egypt). (Bryan and 

Grisham, 2007). 

Measurement of 24-hour protein in urine 

The rats were placed separately in metabolic cages for 24-hour urine collection on day 19 of gestation. Urine 

protein concentrations were measured by the principle of turbidimetry by adding 5% trichloroacetic acid according 

to (Polkinghorne, 2006).  

Determination Mean arterial blood pressure (MABP) 

 Using Doppler ultrasonography to analyses maternal and fetal hemodynamic changes. The peak systolic 

velocity (PSV) of the umbilical cord at the insertion site was measured (Cnossen et al., 2008, Elmetwally et al., 

2016). The mean spiral artery (SA) resistance index (RI) of the implantation site was calculated using the equation 

(RI = [PSV – EDV]/PSV) by measuring the end diastolic flow velocity (EDV) of each SA. In healthy pregnancies, 

(pulsatility index (PI), resistance index (RI) decreased.  Higher PI was found in SA of complicated pregnancies 

compared to healthy pregnancies (Cnossen et al., 2008, Lloyd-Davies et al., 2021). Doppler parameters and data 

collection were automatically measured. 

Histopathological assessment by L.M. (Hematoxylin and Eosin stain; H&E):  
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The placenta was preserved in 10% neutral buffer formalin for 24 hours, embedded in paraffin, sectioned at 

5 μm, and stained with H&E. The histological examination was performed by an investigator blinded to the 

interventions. 

 

Electron microscopy (E.M): 

 The placenta was cut into very small pieces (1 mm3) and fixed immediately in 0.1 mol/L phosphate buffer 

containing 2.5% glutaraldehyde and 2% paraformaldehyde at 4 ºC for 2 – 4 hours in the refrigerator, then post-

fixed in 1% osmium tetraoxide for two hours at 4 ºC. Specimens were then dehydrated, embedded in epon, then 

ultra-thin silvery golden sections were cut by ultra-microtome and picked up on uncoated grids, then stained with 

uranyl acetate and lead citrate and examined by transmission electron microscope (TEM- JEOL JEM- 100 SX) in 

electron microscopy unit (Faculty of Agriculture, Mansoura University). (Suvarna et al., 2018). 

 

Statistical analysis 

Data were analyzed using the Statistical Package of Social Science (SPSS) program for Windows (Standard 

version 21). Continuous variables were presented as mean ± SD (standard deviation) for normally distributed data. 

The three groups were compared with ANOVA test and in-between group’s comparison was tested by post hoc 

Tukey test. The results was considered significant when p ≤ 0.05. 

 

Results 

Mean arterial blood pressure (MABP)  
In Table (1) &Figure (1), administration of   L -NAME in PE group showed significant increase in the 

MABP (156.02±1.04) in comparison to control group (96.01±0.89). Treatment with ART showed non-significant 

decrease in the MABP (152.30±5.21) in comparison to PE group. 

 

Table (1)  

Effects of ART on MABP (mmHG) in L-NAME induced PE in rats  

Groups 

MABP (mmHg) Post hoc Tukey test 

Mean ± 

SD 

Min-

Max 

ANOVA 

 (p value) 
P1 P2 

Control group 
96.01± 

0.89 

95.12-

97.54 

F=1011 

P≤0.001* 

- - 

Preeclampsia 

group 

156.02± 

1.04 

154.33-

157.26 
≤0.001* - 

ART group 
152.30± 

5.21 

139.0-

156.0 
≤0.001* 0.023* 

Data are presented as means (of 10 rats) ± SD. The three groups were compared with ANOVA test and in-between 

groups comparison was tested by post hoc Tukey test. P1: Comparison between Preeclampsia, ART groups and 

control groups. P2: Comparison between ART and Preeclampsia groups. 

 

 

Figure (1): Effects of ART on MABP (mmHG) in L-NAME induced PE in rats 
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Urinary Protein value during / 24h: 

In table (2) &Figure (2), administration of L -NAME in PE group showed significant increase in the 24h 

urine protein in (81.18±3.84) in comparison to control normal group (34.13±2.51). Treatment with ART showed 

significant decrease in the 24h urine protein (65.06±5.42) when compared to PE group.  

Table (2) 

 Effects of ART on 24-hour urine protein value in L-NAME in rats 

 

Groups 

Urine protein / 24h                                        

 
Post hoc Tukey test 

Mean ± SD 
Min-

Max 

ANOVA                                      

(p value) 
P1 P2 

Control group 34.13±2.51 
29.50-

37.90 

F=251.3 

P≤0.001* 

- - 

Preeclampsia 

group 
81.18±3.84 

74.30-

87.80 
≤0.001* - 

ART group 65.06±5.42 
55.80-

73.00 
≤0.001* ≤0.001* 

 Data are presented as means (of 10 rats) ± SD. The three groups were compared with ANOVA test and in-between 

groups comparison was tested by post hoc Tukey test. P1: Comparison between Preeclampsia, ART groups and 

control groups. P2: Comparison between ART and Preeclampsia groups 

 
Figure (2): Effects of ART on 24-hour urine protein value in L-NAME in rats 

Assessment of oxidative stress markers in placental tissue 

1) Placental tissue levels of reduced Glutathione (GSH): 

In table (3) &Figure (3), administration of L -NAME in PE group showed significant decrease in the 

placental tissue GSH levels (2.69±0.28) in comparison to control group (5.45±0.30). Treatment with ART showed 

significant increase in the placental tissue GSH levels (3.40±0.29) when compared to PE group.  

Table (3)  

Effects of ART on GSH (mmol/g tissue) in L-NAME induced PE in rats 

Groups 

GSH (mmol/g tissue) Post hoc Tukey test 

Mean ± 

SD 

Min-

Max 

ANOVA 

 (p 

value) 

P1 P2 

Control group 5.45±0.30 
4.90-

5.90 

F=152.8 

P≤0.001* 

- - 

Preeclampsia 

group 
2.69±0.28 

2.10-

3.10 
≤0.001* - 

ART group 3.40±0.29 
2.90-

4.00 
≤0.001* ≤0.001* 
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Data are presented as means (of 10 rats) ± SD. The three groups were compared with ANOVA test and in-between 

groups comparison was tested by post hoc Tukey test. P1: Comparison between Preeclampsia, ART groups and 

control groups. P2: Comparison between ART and Preeclampsia groups 

 

 

Figure (3): Effects of ART on GSH (mmol/g tissue) in L-NAME induced PE in rats 

2) Placental tissue levels of malondialdehyde (MDA): 

In table (4) &Figure (4), administration of L -NAME in PE group showed significant increase in the 

placental tissue MDA levels (5.27±0.22) in comparison to control group (2.41±0.28). Treatment with ART showed 

significant decrease in the placental MDA levels (4.81±0.19) when compared to PE group. 

 

Table (4) 
Effects of ART on MDA (nmol/g tissue) in L-NAME induced PE in rats 

Groups 

MDA (nmol/g tissue)                   Post hoc Tukey test 

Mean ± 

SD 

Min-

Max 

ANOVA                                              

(p value) 
P1 

P2 

 

Control group 2.41±0.28 
1.80-

2.90 

F=262.7 

P≤0.001* 

- - 

Preeclampsia 

group 
5.27±0.22 

4.90-

5.50 
≤0.001* - 

ART group 4.81±0.19 
4.40-

5.10 
≤0.001* ≤0.001* 

Data are presented as means (of 10 rats) ± SD. The three groups were compared with ANOVA test and in-between 

groups comparison was tested by post hoc Tukey test. P1: Comparison between Preeclampsia, ART groups and 

control groups. P2: Comparison between ART and Preeclampsia groups 
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Figure (4): Effects of ART on MDA (nmol/g tissue) in L-NAME induced PE in rats 

3) Placental tissue levels of inducible nitric oxide (iNO): 

In table (5) &Figure (5), administration of L -NAME in PE group showed significant 

increase in the iNO (11.29±1.12) in comparison to control group (6.28±0.42). Treatment with 

ART showed significant decrease in the placental tissue iNO levels (9.35±0.85) when compared 

to PE group. 
Table (5) 

Effects of ART on iNO (µmol/g tissue) in L-NAME induced PE in rats 

Groups 

iNO (µmol/ g tissue) Post hoc Tukey test 

Mean ± 

SD 

Min-

Max 

ANOVA 

 (p 

value) 

P1 P2 

Control group 6.28±0.42 
5.50-

6.80 

F=82.5 

P≤0.001* 

- - 

Preeclampsia 

group 
11.29±1.12 

9.80-

13.10 
≤0.001* - 

ART group 9.35±0.85 
8.00-

10.80 
≤0.001* ≤0.001* 

Data are presented as means (of 10 rats) ± SD. The three groups were compared with ANOVA test and in-between 

groups comparison was tested by post hoc Tukey test. P1: Comparison between Preeclampsia, ART groups and 

control groups. P2: Comparison between ART and Preeclampsia groups 

 

 
Figure (5): Effects of ART on iNO (nmol/g tissue) in L-NAME induced PE in rats 
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In the PE group, tropospongium appeared thinner than in control group with areas of 

degenerating glycogen cells (Figure 7A). Labyrinth showed narrowing of maternal blood 

sinusoids with deposition of homogenous acidophilic material in their lumen (Figure 7B).  

In placenta of the ART group, tropospongium showed regenerating glycogen cells. 

However, some are still degenerated (Figure 8A). Labyrinth showed apparently wider maternal 

blood sinusoids compared with PE group, however, some are still narrow and contained hyaline 

acidophilic material in their lumen (Figure 8B).  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6) The histological structure of the control rat placenta. (A) TS: 

tropospongium, GLY: glycogen cells, ST: spongiotrophoblasts, L: 

labyrinth. (B) M: maternal blood sinusoids, F: fetal capillaries, S: 
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Fig. (7) The histological structure of the placenta of the PE group. (A) TS: 

tropospongium, GLY: glycogen cells, ST: spongiotrophoblasts, L: labyrinth. (B) 

M: maternal blood sinusoids, arrow: hyaline acidophilic material. H&E staining. 
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Fig. (8) The histological structure of the placenta of the ART group. (A) TS: 

tropospongium, GLY: glycogen cells, ST: spongiotrophoblasts, L: labyrinth. 

Asterix: degenerating glycogen cells. (B) M: maternal blood sinusoids, arrow: 

hyaline acidophilic material. H&E staining. 
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Electron microscopic examination: 

Examination of ultrathin sections of placenta of control rats showed that maternal blood 

sinusoids were lined by syncytiotrophoblast with regular euchromatic nucleus. Cytoplasm 

contained rounded mitochondria and profiles of rER. Numerous microvilli were projecting 

from its surface into maternal blood sinusoids (Fig. 9).  

In the PE group, syncytiotrophoblast had irregular dark nucleus. Cytoplasm contained 

numerous vacuoles, dilated rER and dense small mitochondria. Cell membrane was disrupted 

with lost microvilli (Fig. 10) 

Compared with PE placenta, placenta of ART treated group showed that syncytiotrophoblast 

had regular euchromatic nucleus. Cytoplasm contains rounded mitochondria, and rER similar 

to control placenta however, some dilated rER and few vacuoles were still seen. Cell 

membrane appeared intact with some projecting microvilli (Fig. 11). 
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Fig. (9): A transmission electron photomicrograph of the placenta of the 

control group. SYN: syncytiotrophoblast, N: nucleus, MV: microvilli, MBS: 

maternal blood sinusoid, arrow: mitochondria, forked arrow: rough 

endoplasmic reticulum (rER). 

 

Fig. (10): A transmission electron photomicrograph of placenta of PE group. 

SYN: syncytiotrophoblast, N: nucleus, V: vacuole, arrowhead: absent 

microvilli, arrow: mitochondria, wavy arrow: dilated rER, curved arrow: 

disrupted cell membrane. 
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Fig. (11): A transmission electron photomicrograph of placenta of ART 

group. SYN: syncytiotrophoblast, N: nucleus, V: vacuole, MV: microvilli, 

arrow: mitochondria, wavy arrow: dilated rER, forked arrow: normal rER. 
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Discussion  

Preeclampsia is a persistent hypertensive gestational disease marked by high blood pressure and proteinuria 

during the second or third trimester of gastation. It is considered as one of the most threatening complications of 

pregnancy. At the cellular level, PE has largely been associated with the release of free radicals by the placenta. 

Oxidative stress was considered as a major factor in the pathophysiology of PE (Aouache et al., 2018a). 

In the current study, administration of L-NAME, a nitric oxide synthase (NOS) inhibitor, in rats showed 

significant increase in the MABP in PE group when compared to control group. These findings were in consistent 

with multiple previous studies by (Granger et al., 2001a, Gilbert et al., 2008, Matsubara et al., 2010a, Ma et al., 

2011, Hariharan et al., 2017, FATHY and NADINE, 2018, Shu et al., 2018). This increase in the MABP in PE 

group could be explained by the potent competitive inhibitory effect of  L-NAME on NOS reducing NO synthesis 

leading to vasoconstriction (Wei et al., 1999). This also leads to increase the adhesion molecules expression with 

subsequent acceleration of the inflammation in systemic vasculature and causing endothelial dysfunction with 

utero-placental perfusion failure (Matsubara et al., 2010b). Moreover, The reduction in NO synthesis increase in 

ET-1 as NO was known to be a potent inhibitor of ET-1 synthesis (Murphy et al., 2010). L-NAME decreases 

prostacyclin and increases thromboxane A2 with more vasoconstriction, oxidative stress and hypertension  

(Granger et al., 2001b).  

In the present study, ART treatment from GD 7 till end of gestation period showed non significance decrease of 

blood pressure when compared to PE diseased group. The choice of ART in this model of hypertension was based 

on its anti-inflammatory and antioxidant properties. In addition, ART is a scavenger of reactive oxygen species 

and oxidative stress which play a role in the etiology of hypertension. This was in agreement with earlier research 

by (Touyz, 2004).  

The primary substrate for vascular NO production is L-arginine. The level of L-arginine in eight Artemisia 

subgenus plants was discovered to be 5 to 10 times higher in arginine (Gokce, 2004, Brisibe et al., 2009). Plants 

of the Artemisia genus are high in potassium and low in sodium. Potassium is a crucial blood pressure regulator. 

Increased potassium causes endothelial cells to enlarge and changes their stiffness (Fenardji et al., 1974, Krishna, 

1990). 

There is significant increase in 24h urinary protein in PE group when compared to normal control group. This 

could be attributed to the vascular endothelial dysfunction that leads to change in renal hemodynamics decreasing 

renal excretory function, leading to hypertension and proteinuria. In addition, L-NAME caused 

glomerulosclerosis, tubulo-interstitial fibrosis, and tubular atrophy associated with a deteriorated glomerular 

filtration rate and increased urinary protein excretion. This was in agreement with previous researches (Ikeda et 

al., 2009, Polichnowski et al., 2011).  

In the current study, ART showed a significant decrease in proteinuria in comparison to PE group. This result 

coincides with previous studies by (Hou et al., 2011, Hou et al., 2012, Li et al., 2015, Xia et al., 2020). ART was 

proved to attenuate podocyte effacement and fusion via nephrin and podocin regulation and decrease the shedding 

of podocyte so, reduce glomerular permeability and improve proteinuria (Wu et al., 2014, Xia et al., 2020). ART 

also reduced level circulating antibodies, as well as by the reduced immune complex deposition, reversed 

podocyte injuries, and attenuated tubulointerstitial fibrosis in the kidneys (Li et al., 2015). 

In the current study, L-NAME administration resulted in increased placental tissue oxidative damage represented 

by increased MDA, increased iNOS, and reduced activities of the protective antioxidant GSH in placental tissues 

of PE group in comparison to control group. This in accordance with the results of the (Orhan et al., 2003, 

Aouache et al., 2018a, Sljivancanin Jakovljevic et al., 2019). 
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Placental MDA is often used in as a marker of oxidative stress and is generated as a byproduct of the peroxidation 

and breakdown of polyunsaturated fatty acids in cells as result of placental hypoxia and necrosis (Uchida et al., 

1999).  

Placental glutathione plays a role in both the direct repair of oxidative DNA damage and the prevention of 

apoptosis caused by ROS or cytokines. It also scavenges a variety of ROS, including O2–•, OH•, peroxyl nitrite, 

and lipid hydroperoxides (Schoots et al., 2018).   

ART treated group showed significant increase in GSH level and significant decrease in placental MDA and 

placental tissues iNOS levels in comparison to PE group. This was also reported by (Vega-Rodríguez et al., 2015, 

Ittarat et al., 2003, Wang et al., 2021). ART can elicit broad-spectrum inhibitory effect on iNOS reducing the 

production of the inflammatory cytokine. This was in accordance with (Li et al., 2013). 

The antioxidant effect of ART was previously reported in AKI mice. It could ameliorate oxidative stress by 

restoring malonyl dialdehyde (MDA), nitric oxide (NO), glutathione peroxidase (GSH), catalase (CAT), and 

superoxide dismutase (SOD) activity in the kidney (An et al., 2017, Liu et al., 2019). ART was found to enhance 

NADPH oxidation which catalyze the production of  GSH in rat liver, kidney, and intestinal cytosols, as well as 

its affinity purified glutathione transferases; GSTs (Mukanganyama et al., 2001).  

Histopathological examination of placenta of PE group stained with H&E showed alteration in its histological 

structure compared with control group represented by thinning and degeneration of glycogen cells of 

tropospongium together with narrowing of maternal blood sinusoids and deposition of hyaline material in their 

lumen. This could be attributed to the vasoconstriction caused by inhibition of NOS leading to decrease NO 

production. This caused decreased placental perfusion that 

lead to fetoplacental ischemia. Necrotic placental tissues may be the source of the hyaline material appeared in 

maternal sinusoids. This was also reported by (Furukawa et al., 2011, FATHY and NADINE, 2018, Mohammed 

et al., 2018, Shu et al., 2018, Wilson et al., 2020). The necrotic placental micro-fragments present in the maternal 

circulation is thought to exacerbate oxidative stress markers which results in endothelial dysfunction and increase 

blood pressure which further exacerbates PE and  the systemic inflammatory response (Sedeek et al., 2008, Negi 

et al., 2014).  

Ultrastructural study of placenta of control rats showed that trophoblastic cells contained some mitochondria and 

profiles of rER with numerous microvilli projecting from its surface into maternal blood sinusoids. These 

microvilli play an important role in the fetal-maternal exchange. Similar findings were previously described by 

Selim et al. (2013) 

Morphological changes were observed in placenta of PE group. Trophoblastic cells contained numerous vacuoles, 

dilated rER and dense small mitochondria. Oxidative phosphorylation is a highly efficient process that occurs in 

mitochondria through which cells use enzymes to oxidize nutrients, thereby releasing energy which is used to 

form ATP. Oxidative stress increased activity of placental mitochondria, enhancing oxidative phosphorylation. 

This results in overproduction of ROS that leads to a biological molecular damage of trophoblastic cells. This 

was also reported by (Vangrieken et al., 2020, Abdel Salam et al., 2015, Belkacemi et al., 2007). 

There was loss of integrity of the trophoblastic cell membrane attributed to increase levels of 4-hydroxylnonenal 

(marker of lipid peroxidation) and nitro tyrosine in the syncytiotrophoblast layer because of oxidative stress which 

led to interaction of reactive oxygen species with polyunsaturated fatty acids of membrane lipids. This resulted 

in the production of aldehydes such as malonaldehyde; MDA (Esterbauer et al., 1991). 

These trophoblastic cytoplasmic changes are in accordance with (Belkacemi et al., 2007, Abdel Salam et al., 

2015)  who related these changes to hypoxia-reoxygenation injury leading to apoptosis. The cytoplasmic vacuoles 

observed in the cytoplasm of syncytiotrophoblast can be explained by reduced activity of ATPase due to 
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mitochondrial injury, which results in failure of the sodium pump mechanism responsible for water and 

electrolyte control; as a result, cells accumulate water, which causes vacuolar degeneration. 

The present study is the first study to declare the effect of ART in structure of placenta of PE rats. In this study, 

histological structure in ART treated group showed improvement in the structural changes in trophoblastic cells. 

Cytoplasm contained normal mitochondria, and rER, however, some dilated rER and few vacuoles were still 

seen. These results were in consistence with previous studies (Muehlenbachs et al., 2012, Marder et al., 2016).  

This agreed with previous studies (Selim et al., 2013, Bodnar et al., 2014, Megahed and Abd Al-Aleem, 2015, 

Hutabarat et al., 2018) which describing the protective role of ART in PE and underling mechanisms alleviating 

disease. 

Conclusion: We found that the administration of L-NAME during the pregnancy created a preeclamptic like 

syndrome. ART treated rats showed improvement in oxidative stress parameters and proteinuria when compared 

to their respective preeclamptic group, however, no marked improvement was observed on the blood pressure of 

rats.  Partial structural improvement as a regard of histological examination by L.M. and ultrastructure study by 

E.M which is better than PE group but less than control group.  

References  
ABDEL SALAM, G., ALAM, O., AHMED, U. & AL-SHERBENY, M. 2015. Light and electron microscopic 

study of placenta in pre-eclampsia: a trial to define underlying changes and its clinical impact. Tanta 

Medical Journal, 43, 134-145. 

AN, J., MINIE, M., SASAKI, T ,.WOODWARD, J. J. & ELKON, K. B. 2017. Antimalarial Drugs as Immune 

Modulators: New Mechanisms for Old Drugs. Annu Rev Med, 68, 317-330. 

AOUACHE, R., BIQUARD, L. & VAIMAN, D. 2018a. Oxidative Stress in Preeclampsia and Placental Diseases. 

19. 

AOUACHE, R ,.BIQUARD, L., VAIMAN, D. & MIRALLES, F. 2018b. Oxidative stress in preeclampsia and 

placental diseases. International journal of molecular sciences, 19, 1496. 

AUGUSTO, O., STERGACHIS, A., DELLICOUR, S., TINTO, H., VALá, A., RUPEREZ, M., MACETE, E., 

NAKANABO-DIALLO, S., KAZIENGA, A., VALEA, I., D'ALESSANDRO, U., TER KUILE, F. O., 

CALIP, G. S., OUMA, P., DESAI, M. & SEVENE, E. 2020. First trimester use of artemisinin-based 

combination therapy and the risk of low birth weight and small for gestational age. Malar J, 19, 144. 

BELKACEMI, L., BAINBRIDGE, S. A., DICKINSON, M. A., SMITH, G. N. & GRAHAM, C. H. 2007. Glyceryl 

trinitrate inhibits hypoxia/reoxygenation-induced apoptosis in the syncytiotrophoblast of the human 

placenta: therapeutic implications for preeclampsia. Am J Pathol, 170, 909-20. 

BODNAR, L. M., KLEBANOFF, M. A., GERNAND, A. D., PLATT, R. W., PARKS, W. T., CATOV, J. M. & 

SIMHAN, H. N. 2014. Maternal vitamin D status and spontaneous preterm birth by placental histology in 

the US Collaborative Perinatal Project. American journal of epidemiology, 179, 168-176. 

BRISIBE, E. A., UMOREN, U. E., BRISIBE, F., MAGALHäES, P. M., FERREIRA, J. F., LUTHRIA, D., WU, 

X. & PRIOR, R. L. 2009. Nutritional characterisation and antioxidant capacity of different tissues of 

Artemisia annua L. Food chemistry, 115, 1240-1246. 

BRYAN, N. S. & GRISHAM, M. B. 2007. Methods to detect nitric oxide and its metabolites in biological samples. 

Free Radic Biol Med, 43, 645-57. 

CNOSSEN, J. S., MORRIS, R. K., TER RIET, G., MOL, B. W ,.VAN DER POST, J. A., COOMARASAMY, A., 

ZWINDERMAN, A. H., ROBSON, S. C., BINDELS, P. J., KLEIJNEN, J. & KHAN, K. S. 2008. Use of 

uterine artery Doppler ultrasonography to predict pre-eclampsia and intrauterine growth restriction: a 

systematic review and bivariable meta-analysis. Cmaj, 178, 701-11. 

ELMETWALLY, M., ROHN, K. & MEINECKE-TILLMANN, S. 2016. Noninvasive color Doppler sonography 

of uterine blood flow throughout pregnancy in sheep and goats. Theriogenology, 85, 1070-9.e1. 

ESTERBAUER, H., SCHAUR ,R. J. & ZOLLNER, H. 1991. Chemistry and biochemistry of 4-hydroxynonenal, 

malonaldehyde and related aldehydes. Free Radic Biol Med, 11, 81-128. 

FATHY, M. A. & NADINE, A. R. 2018. Serum Adropin Levels in a Preeclampsia Like L-Name Rat Model Treated 

with Sildenafil Citrate. The Medical Journal of Cairo University, 86, 3753-3765. 



   Abdelsalam et al. (2022)          Delta University Scientific Journal 5 (2022) 39 -57 

 

55 

 

FENARDJI, F., KLUR, M., FOURLON, C. & FERRANDO, R. 1974. [White artemisia (Artemisia herba alba L.)]. 

Rev Elev Med Vet Pays Trop, 27, 203-6. 

FURUKAWA, S., HAYASHI, S., USUDA, K., ABE, M., HAGIO, S. & OGAWA, I. 2011. Toxicological 

pathology in the rat placenta. J Toxicol Pathol, 24, 95-111. 

GILBERT, J. S., RYAN, M. J., LAMARCA, B. B., SEDEEK, M., MURPHY, S. R. & GRANGER, J. P. 2008. 

Pathophysiology of hypertension during preeclampsia: linking placental ischemia with endothelial 

dysfunction. American Journal of Physiology-Heart and Circulatory Physiology, 294, H541-H550. 

GOKCE, N. 2004. L-arginine and hypertension. J Nutr, 134, 2807S-2811S; discussion 2818S-2819S. 

GOULOPOULOU, S. & DAVIDGE, S. T. 2015. Molecular mechanisms of maternal vascular dysfunction in 

preeclampsia. Trends in molecular medicine, 21, 88-97. 

GRANGER, J. P., ALEXANDER, B. T., LLINAS, M. T., BENNETT, W. A. & KHALIL, R. A. 2001a. 

Pathophysiology of hypertension during preeclampsia linking placental ischemia with endothelial 

dysfunction. Hypertension, 38, 718-722. 

GRANGER, J. P., ALEXANDER, B. T., LLINAS, M. T., BENNETT, W. A. & KHALIL, R. A. 2001b. 

Pathophysiology of hypertension during preeclampsia linking placental ischemia with endothelial 

dysfunction. Hypertension, 38, 718-22. 

GU, Y., WANG, X., WU, G., WANG, X., CAO, H., TANG, Y. & HUANG, C. 2012a. Artemisinin suppresses 

sympathetic hyperinnervation following myocardial infarction via anti-inflammatory effects .J Mol Histol, 

43, 737-43. 

GU, Y., WANG, X., WU, G., WANG, X., CAO, H., TANG, Y. & HUANG, C. 2012b. Artemisinin suppresses 

sympathetic hyperinnervation following myocardial infarction via anti-inflammatory effects. Journal of 

molecular histology, 43, 737-7 43.  

HARIHARAN, N., SHOEMAKER, A. & WAGNER, S. 2017. Inhibition of nitric oxide synthase lowers fatty acid 

oxidation in preeclampsia-like mice at early gestational stage. Microvasc Res, 109, 34-37. 

HOU, L. F., HE, S. J., LI, X., WAN, C. P., YANG, Y., ZHANG ,X. H., HE, P. L., ZHOU, Y., ZHU, F. H., YANG, 

Y. F., LI, Y., TANG, W. & ZUO, J. P. 2012. SM934 treated lupus-prone NZB × NZW F1 mice by 

enhancing macrophage interleukin-10 production and suppressing pathogenic T cell development. PLoS 

One, 7, e32424. 

HOU, L. F., HE, S. J., LI, X., YANG, Y., HE, P. L., ZHOU, Y., ZHU, F. H., YANG, Y. F., LI, Y., TANG, W. & 

ZUO, J. P. 2011. Oral administration of artemisinin analog SM934 ameliorates lupus syndromes in 

MRL/lpr mice by inhibiting Th1 and Th17 cell responses .Arthritis Rheum, 63, 2445-55. 

HURRELL, A., DUHIG, K., VANDERMOLEN, B. & SHENNAN, A. H. 2020. Recent advances in the diagnosis 

and management of pre-eclampsia. 9, 10. 

HUTABARAT, M., WIBOWO, N., OBERMAYER-PIETSCH, B. & HUPPERTZ, B. 2018. Impact of vitamin D 

and vitamin D receptor on the trophoblast survival capacity in preeclampsia. PloS one, 13, e0206725. 

IKEDA, H., TSURUYA, K., TOYONAGA, J., MASUTANI, K., HAYASHIDA, H., HIRAKATA, H. & IIDA, M. 

2009. Spironolactone suppresses inflammation and prevents L-NAME–induced renal injury in rats. 

Kidney international, 75, 147-155. 

ITTARAT, W., SREEPIAN, A., SRISARIN, A. & PATHEPCHOTIVONG, K. 2003. Effect of dihydroartemisinin 

on the antioxidant capacity of P. falciparum-infected erythrocytes. Southeast Asian J Trop Med Public 

Health, 34, 744-50. 

JIM, B. & KARUMANCHI, S. A. Preeclampsia: pathogenesis, prevention, and long-term complications.  Seminars 

in nephrology, 2017. Elsevier, 386-397. 

KISSIN, I., MORGAN, P. L. & SMITH, L. R. 1983. Comparison of isoflurane and halothane safety margins in 

rats. Anesthesiology, 58, 556-61. 

KRISHNA, G. G. 1990. Effect of potassium intake on blood pressure. J Am Soc Nephrol, 1, 43-52. 

LI, T. T., ZHANG, X. H., JING, J. F., LI, X., YANG, X. Q., ZHU, F. H., TANG, W. & ZUO, J. P. 2015 .Artemisinin 

analogue SM934 ameliorates the proteinuria and renal fibrosis in rat experimental membranous 

nephropathy. Acta Pharmacol Sin, 36, 188-99. 

LI, Y., WANG, S., WANG, Y., ZHOU, C., CHEN, G., SHEN, W., LI, C., LIN, W., LIN, S., HUANG, H., LIU, 

P & .SHEN, X. 2013. Inhibitory effect of the antimalarial agent artesunate on collagen-induced arthritis 

in rats through nuclear factor kappa B and mitogen-activated protein kinase signaling pathway. Transl 

Res, 161, 89-98. 

LIU, X., LU, J., LIAO, Y., LIU, S ,.CHEN, Y., HE, R., MEN, L., LU, C., CHEN, Z., LI, S., XIONG, G. & YANG, 

S. 2019. Dihydroartemisinin attenuates lipopolysaccharide-induced acute kidney injury by inhibiting 

inflammation and oxidative stress. Biomed Pharmacother, 117, 109070. 



   Abdelsalam et al. (2022)          Delta University Scientific Journal 5 (2022) 39 -57 

 

56 

 

LLOYD-DAVIES ,C., COLLINS, S. L. & BURTON, G. J. 2021. Understanding the uterine artery Doppler 

waveform and its relationship to spiral artery remodelling. Placenta, 105, 78-84. 

MA, R. Q., SUN, M. N. & YANG, Z. 2011. Inhibition of nitric oxide synthase lowers fatty acid oxidation in 

preeclampsia-like mice at early gestational stage. Chin Med J (Engl), 124, 3141-7. 

MARCONDES, F., BIANCHI, F. & TANNO, A. 2002. Determination of the estrous cycle phases of rats: Some 

helpful considerations. Brazilian journal of biology   = Revista brasleira de biologia, 62, 609-14. 

MARDER, W., KNIGHT, J. S., KAPLAN, M. J., SOMERS, E. C., ZHANG, X., O'DELL, A. A., 

PADMANABHAN, V. & LIEBERMAN, R. W. 2016. Placental histology and neutrophil extracellular 

traps in lupus and pre-eclampsia pregnancies. Lupus Sci Med, 3, e000134. 

MATSUBARA, K., MATSUBARA, Y., HYODO, S., KATAYAMA, T. & ITO, M. 2010a. Role of nitric oxide 

and reactive oxygen species in the pathogenesis of preeclampsia. Journal of Obstetrics and Gynaecology 

Research, 36, 239-247. 

MATSUBARA, K., MATSUBARA, Y., HYODO, S., KATAYAMA, T. & ITO, M. 2010b. Role of nitric oxide 

and reactive oxygen species in the pathogenesis of preeclampsia. J Obstet Gynaecol Res, 36, 239-47. 

MEGAHED, A. A. & ABD AL-ALEEM, D. I. 2015. EFFECT OF VITAMIN D IN PREGNANT ALBINO RAT 

MODEL WITH HYPERTENSION. Al-Azhar Med. J, 44, 4. 

MOHAMMED, N., ALI, A., GAMAL EL-TAHAWY, N. & RIFAAI, R. 2018. Effect of Hydroxyprogesterone 

(17-OHPC) on Placenta in a Rat Model of Preeclampsia: Histological and Immunohistochemical Study. 

J Cytol Histol, 9, 496. 

MUEHLENBACHS, A., NABASUMBA, C., MCGREADY, R., TURYAKIRA, E., TUMWEBAZE, B., 

DHORDA, M., NYEHANGANE, D., NALUSAJI, A., NOSTEN, F., GUERIN, P. & PIOLA, P. 2012. 

Artemether-lumefantrine to treat malaria in pregnancy is associated with reduced placental haemozoin 

deposition compared to quinine in a randomized controlled trial. Malaria journal, 11, 150. 

MUKANGANYAMA, S., NAIK, Y. S., WIDERSTEN, M., MANNERVIK, B. & HASLER, J. A. 2001. Proposed 

reductive metabolism of artemisinin by glutathione transferases in vitro. Free Radic Res, 35, 427-34. 

MURPHY, S. R., LAMARCA, B. B., COCKRELL, K. & GRANGER, J. P. 2010. Role of endothelin in mediating 

soluble fms-like tyrosine kinase 1-induced hypertension in pregnant rats. Hypertension, 55, 3 94-8.  

NEGI, R., PANDE, D., KARKI, K., KUMAR, A., KHANNA, R. S. & KHANNA, H. D. 2014. Association of 

oxidative DNA damage, protein oxidation and antioxidant function with oxidative stress induced cellular 

injury in pre-eclamptic/eclamptic mothers during fetal circulation. Chem Biol Interact, 208, 77-83. 

OHKAWA, H., OHISHI, N. & YAGI, K. 1979. Assay for lipid peroxides in animal tissues by thiobarbituric acid 

reaction. Anal Biochem, 95, 351-8. 

ORHAN, H., ONDEROGLU, L., YUCEL, A. & SAHIN, G. 2003. Circulating biomarkers of oxidative stress in 

complicated pregnancies. Arch Gynecol Obstet, 267, 189-95. 

POLICHNOWSKI, A. J., LU, L. & COWLEY JR, A. W. 2011. Renal injury in angiotensin II+ l-NAME-induced 

hypertensive rats is independent of elevated blood pressure .American Journal of Physiology-Renal 

Physiology, 300, F1008-F1016. 

POLKINGHORNE, K. R. 2006. Detection and measurement of urinary protein. Curr Opin Nephrol Hypertens, 15, 

625-30. 

RAHMAN, I., KODE, A. & BISWAS, S. K. 2006. Assay for quantitative determination of glutathione and 

glutathione disulfide levels using enzymatic recycling method. Nat Protoc, 1, 3159-65. 

SCHOOTS, M. H., GORDIJN, S. J., SCHERJON, S. A., VAN GOOR, H. & HILLEBRANDS, J. L. 2018. 

Oxidative stress in placental pathology. Placenta, 69 , 153-161.  

SEDEEK, M., GILBERT, J. S., LAMARCA, B. B., SHOLOOK, M., CHANDLER, D. L., WANG, Y. & 

GRANGER, J. P. 2008. Role of reactive oxygen species in hypertension produced by reduced uterine 

perfusion in pregnant rats. American journal of hypertension, 2 1, 1152-1156.  

SELIM, M., ELSHMRY, N., HAMIDI, E. & RASHED, A. 2013. Electron and scanning microscopic observations 

on the syncytiotrophoblast microvillous membrane contribution to preeclampsia in early placental rats. J 

Blood Disorders Transf, 4, 2. 

SHAKIR, L., HUSSAIN, M., JAVEED, A., ASHRAF, M. & RIAZ, A. 2011. Artemisinins and immune system. 

Eur J Pharmacol, 668, 6-14. 

SHU, W., LI, H., GONG, H., ZHANG, M., NIU, X., MA, Y., ZHANG, X., CAI, W., YANG, G., WEI, M., YANG, 

N. & LI, Y. 2018. Evaluation of blood vessel injury, oxidative stress and circulating inflammatory factors 

in an L-NAME-induced preeclampsia-like rat model. Exp Ther Med, 16, 585-594. 

SIMPSON, R. J. 2010. Homogenization of mammalian tissue. Cold Spring Harb Protoc, 2010, pdb.prot5455. 



   Abdelsalam et al. (2022)          Delta University Scientific Journal 5 (2022) 39 -57 

 

57 

 

SLJIVANCANIN JAKOVLJEVIC, T., KONTIC-VUCINIC, O., NIKOLIC, N., CARKIC, J., SOLDATOVIC, I. 

& MILASIN, J. 2019. Glutathione-S-transferase M1 polymorphism and pro-inflammatory cytokines 

tumour necrosis factor-α and interleukin-1β are associated with preeclampsia in Serbian women. 81, 

e13105. 

SOOBRYAN, N., MURUGESAN, S., PHOSWA, W., GATHIRAM, P., MOODLEY, J. & MACKRAJ, I. 2017. 

The effects of sildenafil citrate on uterine angiogenic status and serum inflammatory markers in an L-

NAME rat model of pre-eclampsia. European journal of pharmacology, 795, 101-107. 

STASINOPOULOU, M., MANTZIARAS, G., PARONIS, E., BALAFAS, E., LELOVAS, P., SAMARA, A. & 

KOSTOMITSOPOULOS, N. 2014. Use of real-time ultrasonography as an alternative method for early 

detection, confirmation and evaluation of rat pregnancy. Ultrasound in medicine & biology, 40, 1372-

1378. 

SUVARNA, K. S., LAYTON, C. & BANCROFT, J. D. 2018. Bancroft's theory and practice of histological 

techniques E-Book, Elsevier Health Sciences. 

TOUYZ, R. M. 2004. Reactive oxygen species, vascular oxidative stress, and redox signaling in hypertension: what 

is the clinical significance? Hypertension, 44, 248-52. 

UCHIDA, K., SHIRAISHI, M., NAITO, Y., TORII, Y., NAKAMURA, Y. & OSAWA, T. 1999. Activation of 

stress signaling pathways by the end product of lipid peroxidation. 4-hydroxy-2-nonenal is a potential 

inducer of intracellular peroxide production. J Biol Chem, 274, 2234-42. 

VANGRIEKEN, P., REMELS, A. H. V., AL-NASIRY, S., BAST, A., JANSSEN, G. M. J., VON RANGO, U., 

VROOMANS, D ,. PINCKERS, Y. C. W., VAN SCHOOTEN, F. J. & SCHIFFERS, P. M. H. 2020. 

Placental hypoxia-induced alterations in vascular function, morphology, and endothelial barrier integrity. 

Hypertens Res, 43, 1361-1374. 

VEGA-RODRíGUEZ, J., PASTRANA-MENA, R., CRESPO-LLADó, K. N., ORTIZ, J. G., FERRER-

RODRíGUEZ, I. & SERRANO, A. E. 2015. Implications of Glutathione Levels in the Plasmodium 

berghei Response to Chloroquine and Artemisinin. PLoS One, 10, e0128212. 

WANG, L., MA, R., GUO, Y., SUN, J., LIU, H., ZHU, R., LIU ,C., LI, J., LI, L., CHEN, B., SUN, L., TANG, J., 

ZHAO, D., MO, F., NIU, J., JIANG, G., FU, M., BRöMME, D., ZHANG, D. & GAO, S. 2017. 

Antioxidant Effect of Fructus Ligustri Lucidi Aqueous Extract in Ovariectomized Rats Is Mediated 

through Nox4-ROS-NF-κB Pathway. Front Pharmacol, 8, 266. 

WANG, P., TIAN, X., TANG, J., DUAN, X., WANG, J., CAO, H., QIU, X., WANG, W., MAI, M., YANG, Q., 

LIAO, R. & YAN, F. 2021. Artemisinin protects endothelial function and vasodilation from oxidative 

damage via activation of PI3K/Akt/eNOS pathway. Exp Gerontol, 147, 111270. 

WEI, G., DAWSON, V. L. & ZWEIER, J. L. 1999. Role of neuronal and endothelial nitric oxide synthase in nitric 

oxide generation in the brain following cerebral ischemia. Biochim Biophys Acta, 1455, 23-34. 

WILSON, R. L., PHILLIPS, J. A., BIANCO-MIOTTO, T., MCANINCH, D., GOH, Z., ANDERSON, P. H. & 

ROBERTS, C. T. 2020. Reduced dietary calcium and vitamin D results in preterm birth and altered 

placental morphogenesis in mice during pregnancy. Reproductive Sciences, 27, 1330-1339. 

WU, X., AN, P., YE, B., SHI, X., DANG, H., FU, R. & QIAO, C. 2014. Artemisinin ameliorated proteinuria in 

rats with adriamycin-induced nephropathy through regulating nephrin and podocin expressions. J Tradit 

Chin Med, 34, 63-8. 

XIA, M ,.LIU, D., LIU, Y. & LIU, H. 2020. The therapeutic effect of artemisinin and its derivatives in kidney 

disease. Frontiers in pharmacology, 11, 380. 

YAN, F., WANG, H., GAO, Y., XU, J. & ZHENG, W. 2017. Artemisinin Protects Retinal Neuronal Cells against 

Oxidative Stress and Restores Rat Retinal Physiological Function from Light Exposed Damage. 8, 1713-

1723. 

ZHANG, X. B., ZHAO, Y. P., HUANG, X. W., QIU, Z. D., GUO, L. P., QU, X. B. & HUANG, L. Q. 2016. 

[Review on study of Dao-di herbs Artemisiae Annuae Herba .]Zhongguo Zhong Yao Za Zhi, 41, 2015-

2018. 

 

 


