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Preeclampsia is an important cause of maternal mortality, particularly in the
developing world. There is a long-standing belief that maternal nutrition and
preeclampsia are related. Recently, vitamin D deficiency was claimed to be a
risk factor for developing preeclampsia.Preeclampsia is an important cause
of maternal mortality, particularly in the developing world. There is a long-
standing belief that maternal nutrition and preeclampsia are related.
Recently, vitamin D deficiency was claimed to be a risk factor for
developing preeclampsia.

Aim: This study was designed to examine the effect of vitamin D
supplementation during pregnancy using a rat model of pregnancy induced
hypertension, with a trial to explore possible involved mechanism (s).
Design: L-Nitroargininemethylester (L-NAME; 50 mg/kg body weight/day)
orally from day 14-19, was used to induce hypertension during pregnancy.24
pregnant Wistar rats were assigned to control , pregnancy induced
hypertension (PIH) and PIH treated with vitamin D3(50 1U/Kg i.p) daily
from day 1 to day 19 of pregnancy. Protein in urine was estimated, blood
pressure was recorded and pregnant rats were dissected at day 20 of
gestation. Plasma was collected for estimation of malondialdehyde (MDA),
tumor necrosis factor-alpha (TNF-alpha) and angiotensin Il (Ang II).
Finally, histopathological studies of the placenta and kidney were done.
Results: Animals from the PIH group demonstrated higher MAP which was
associated with proteinuria; higher plasma MDA, higher plasma TNF-alpha
and higher Ang Il levels as compared to control (p<0.001). In contrast,
vitamin D3 supplementation significantly (p<0.001) lowered MAP,
proteinuria, plasma MDA , TNF-alpha and Ang Il levels in dams as
compared to PIH group. This was associated with marked improvement in
results of histopathological studies of the placenta and kidney in the same
group.

Conclusion: In the current study, vitamin D supplementation to PIH showed
beneficial effects in terms of reducing: blood pressure, proteinuria,
inflammation and oxidative stress, along with the negative effect on
angiotensin 11 levels.

Effective preventive or therapeutic strategies for preeclampsia do not exist to
date. Therefore, Vitamin D supplementation could benefit these women
greatly by interacting with multiple pathways. Whatever, more studies are
required to explore the molecular mechanisms underlying this multifaceted
effectsof vitamin D.

Copy Right, IJAR, 2015,. All rights reserved
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INTRODUCTION

Preeclampsia (PE) is a serious complication of pregnancy defined by new-onset hypertension and
proteinuria that occurs in 3-8% of all pregnant women (Roberts et al., 2003). Preeclampsia is an important cause of
maternal mortality, particularly in the developing world, and a leading cause of infant mortality, preterm delivery,
and fetal growth restriction (llekis et al., 2007&Chaturvedi et al., 2013). The cause of preeclampsia is not well
understood. The cause is believed to be multifactorial, and many pathophysiologic factors like, inflammation,
endothelial dysfunction , and oxidative stress have been implicated (Oken et al., 2007&Kalinderis et al.,
2011&Firoz et al., 2011) along with the uteroplacental ischemia (Roberts and Escudero, 2012&Henao and
Saleem, 2013).

There is a long-standing belief that maternal nutrition and preeclampsia are related. Some researchers,
reported that ,vitamin D deficiency may be a risk factor for developing preeclampsia (Bodnar et al., 2007&Haugen
et al., 2009& Liu et al., 2013&Tabesh et al., 2013&Mohaghegh et al., 2015), while others denied this (Oken et
al., 2007&Powe et al., 2010&Shand et al., 2010). Whatever the condition is, the underlying mechanisms are
unclear (Brodowski et al., 2014).

Classical actions of Vitamin D have been described in bone and kidney; however, Vitamin D also has
important effects on the immune system andcardiovascular system (Bikle, 2009). Importantly, Vitamin D blunts
adaptive immune responses while increasing innate immunity. Therefore, Vitamin D analogs may be useful in the
prevention and treatment of human autoimmune or hypertensive disorders (Adorini, 2005).

The vitamin D receptor (VDR) is expressed in human placenta, endothelial cells and in cord endothelial
colony forming cells (ECFCs) (Pospechova et al., 2009&Grundmann et al., 2012). Potentially relevant to
preeclampsia, vitamin D regulates key target genes associated with implantation, trophoblast invasion and anti-
inflammatory responses in maternal decidua and fetal trophoblast (Evans et al., 2004, 2006& Barrera et al., 2011).
Furthermore, vitamin D regulates angiogenesis through direct effects on vascular endothelial growth factor
(VEGF)gene transcription(Cardus et al., 2006, 2009&Grundmann et al.,2012).

Vitamin D effects on the renin angiotensin aldosterone system (RAAS) have been investigated by many
experimental studies (Li , 2011a). Vitamin D receptor (VDR) knockout mice exhibit an increased renin expression,
arterial hypertension and myocardial hypertrophy (Bouillon et al., 2008 & Li, 2011a). Subsequent studies
confirmed the molecular mechanisms by which VDR activation down-regulates renin expression, but it is not clear
whether these significant effects observed in vitro are also of relevance in vivo, i.e. in a clinical setting (Kienreich
et al., 2013).

In light of the above mentioned interrelationship between many pathophysiologic factors of PE and non-
classical actions of vitamin D, the objective of this study was to examine the effect of vitamin D supplementation
during pregnancy using a rat model of pregnancy induced hypertension, with a trial to explore possible involved
mechanism (s).

ANIMALS AND METHODS
All the experimental procedures were conducted in accordance with the guiding principles for the care and use

of research animals and were approved by the Institutional Review Board of Faculty of Medicine -Zagazig
University.
Animals

Female Sprague—Dawley rats (12 weeks old, 180-220 g) were purchased from the animal house of Faculty
of Veterinary Medicine-Zagazig University. Animals were housed in plastic cages with wood chips as bedding in a
controlled environment at 20-25°C and 12 hour light/dark cycles. Rats were fed a standard laboratory diet and water
ad libitum. After 3 days of adaptation, the rats were mated overnight with adult male rats. The next day was taken as
day 1 of pregnancy if spermatozoa were found in vaginal smears. Weights of pregnant rats were recorded at day 1
and day 20 of gestation to calculate the weight gain.
Methods
Experimental protocol

24 pregnant female Wistar albino rats were used for the present study and were randomly divided into 3
groups (n=8 per group) as follows: Control group (1);Pregnancy induced hypertension (PIH) group (I1I) and PIH +
Vitamin D3 (excess vitamin D3) supplemented group (I11).
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L-NAME was used to induce hypertension in the pregnant rat. The dose of L-NAME (Sigma-Aldrich , (St. Louis,
Missouri, USA) used was 50 mg/kg body weight/day and was administered by gavage dissolved in distilled water
from day 14" to 19™ of gestation (Kemse et al., 2014).
Vitamin D3 (Puritan Co., Cairo, Egypt) in a dose of 50 1U/kg, was given intraperitoneally form day 1 until day 19
of gestation (Mehta et al., 2014) .
Determination of urinary albumin excretion

On day 19 of pregnancy, the rats were placed in metabolic cages for 24-hour urine collection. Urine protein
concentrations were determined by the principle of turbidimetry by adding 5% trichloroacetic acid and using
Microlab300 according to Abuel , (1983).
Blood pressure measurement

The blood pressure of the overnight fasting pregnant rats was measured using the power lab device (AD
Instruments Pty Ltd, Australia) according toParasuraman and Raveendran, (2012). The systolic and diastolic BP
was recorded on day 19 of gestation for all dams. Three measurements with 30 s intervals were recorded and the
average of these readings was calculated followed by calculation of the mean arterial blood pressure (MAP).
Specimen collection

On day 20 of pregnancy, rats were anaesthetized between 9:00 a.m. and 10:00 a.m. Maternal blood was
collected by cardiac puncture and put in polyethylene tubes pre-rinsed with EDTA. Plasma was prepared by
centrifugation for 10 min at 3000 r.p.m and was stored at —80°C until analysis.
Biochemical assay
-Plasma Angiotensin 1l were measured using enzyme linked immunosorbent assay kit (Phoenix Pharmaceuticals,
Inc., Burlingame, CA, USA ) according to Nussberger et al. (2001).
-Plasma oxidative stress marker (MDA) levels were estimated using Oxis kits (MDA586, Oxis International, Foster
City, CA, USA) according to Niehaus and Samuelsson, (1968).
-Plasma TNF-o were measured using enzyme linked immunosorbent assay kit (Abcam, Catalog No. ab100785,
USA) according to He and Ting, (2002).

Histopathological studies

After the rats were Killed, pups were delivered by caesarean section and parts of the kidneys and placentas
were harvested and fixed horizontally in 10% neutral-buffered formaldehyde solution.
After dehydration, the samples were embedded in paraffin, and 4-um sections were cut by a microtome and
collected for routine H&E .

Statistical analysis:

Data were presented as mean + S.D Statistical significance was determined by one way analysis of
variance (ANOVA) followed by LSD test, P values less than 0.05 were considered to be significant. In statistical
analysis, SPSS version 18 program for Windows (SPSS Inc. Chicago, IL, USA) was used.

RESULTS

Body weight (BW) gain, the biochemical and haemodynamic characteristics of the studied groups are
summarized in table 1.

As regards group 11, it showed a non significant (p>0.05) change in BW gain along with a significant
(p<0.001) increase in MAP which was accompanied with a significant (p<0.001) increase in plasmaAng Il levels
and proteinuria in comparison with that of control group ( group I) .

As regards the oxidative stress there was a significant (p<0.001) increase in plasma MDA levels, also there was a
significant (p<0.001) increase in plasma TNF-alpha levels in comparison with that of control group (group I).

In addition, In PIH group the histopathological studies of the placenta showed degenerative changes with
vacuolization and swelling of the decidua (Fig.1-B). Moreover, Kidney of the preeclamptic group showed
glomerular endotheliosis and thickening of the media of renal vessel walls, in addition to vacuolated cytoplasm and
dark nuclei of the cells lining tubules(Fig 1-F).

As regards the effect of chronic Vitamin D supplementation in the PIH rats (Group I11), there was
a non-significant (p>0.05) change in BW gain, along with a significant (p<0.001) decrease in MAP which was
accompanied with a significant (p<0.001) decrease in plasma Ang Il and proteinuria in comparison with that of PIH
group ( group I1).

As regards the oxidative stress there was a significant (p<0.001) decrease in plasma MDA levels, also there was a
significant (p<0.001) decrease in plasma TNF-alpha levels in comparison with that of PIH group (group II).
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In addition, vitamin D supplementation in group Il produced a marked improvement in results of the
histopathological studies as regards both the placenta and the kidney (Fig.1- C, G).

Table (1): BW gain, biochemical and hemodynamic parameters of the studied groups.

Group | Group 11 Group 111
Parameters (Control) (PIH) (PIH +vitamin D)
Weight gain(gm) 205+15.9 212+13.5 217+10.7
MAP (mmHg) 10146 14348***3 12245***3
Protein in urine (gm/dl) 0.41+0.05 1.38+0.19***a 0.840.07***a,b
Ang Il (ng/ml) 0.79+0.03 1.5+0.21***3 0.92+0.06 ***a,b
MDA (nmol/mg protein) 3.99+0.5 8.78+£1***a 5.52£0.4***a,b
TNF-a (ng/ml) 40.99+1.99 61.6442.71***3 49.53+1.86***h

***=gignificant (P<0.001) ,a (versus group I), b (versus group II).

A-Normal appearance of decidua | B-Placenta of the PIH group C-Placenta of PIH +D3

of the control group ( H&E, showing degenerative changes with group showing marked
x200) . vacuolization and swelling of the improvement in comparison
decidua ( H&E, x200). to the PIH group : Marked

improvement in
vascularization, nucleus
decreased size &
multinucleated
cyto&syncytiotrophoblast (
H&E, x200).
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ALY O A . . . B R
E-Normal appearance of kidney | F-Kidney of the PIH group showing G-Kidney of the PIH+D3
of the control group ( H&E, glomerular endotheliosis (black group showing Vacuolated
x400). arrows) and thickening of the media cytoplasm and dark nuclei
of renal vessel walls (blue arrows), in | (thin arrows) of the cells
addition to vacuolated cytoplasm and | lining fewer tubules

dark nuclei (thin arrows) of the cells | compared to Fig.F and
lining tubules ( H&E, x400). congestion of some
peritubular capillaries
(pyramid) (H&E, x200).

Figure(1):Results of the histopathological examination

DISCUSSION
Preeclampsia remains one of the most common causes of maternal and fetal morbidity and mortality in the
developed world (Wang et al., 2004&llekis et al., 2007).

Although the pathogenesis of preeclampsia is still not fully understood, a multi-stage model is generally
accepted (Brodowski et al., 2014). The utero-placental syndrome with impaired placental development in the first
stage of the disease causes generalized maternal endothelial dysfunction as a main clinical feature of preeclampsia in
the second stage (Redman and Sargent, 2005) . An array of placenta-derived factors are candidate contributors to
endothelial dysfunction in preeclampsia (Maynard et al., 2003).

The term ‘animal model of preeclampsia’ is commonly and consistently used when nitric oxide synthase
inhibitor NG-nitro-L-arginine methylester (L-NAME) was administered from dayl4 of gestation to induce
preeclampsia-like syndrome in rats (Ma et al., 2010,2011&Neerhof et al., 2011&Nassar et al., 2012& Brown et
al., 2013) . It has been reported that although chronic treatment with L-NAME may not reproduce the entire disease
entity, it produces virtually all the pathophysiologies of preeclampsia in the animal model (Takie et al., 2007). In
view of this the L-NAME induced rat model of pregnancy induced hypertension (PIH) was used.

In the present study PIH induction did not affect the total weight gain of the rats, furthermore, vitamin D
supplementation in group Il did not produce any significant change in final body weight gain. This is similar to
earlier reported studies (Gairard et al., 2004 & de Moura et al., 2007). In contrast others report lower body
weights of PIH rats as compared to control (Fernandez Celadilla et al., 2005).

PIH induction using L-NAME administration in this work increased blood pressure and is consistent with
other recent reports (Adamcova et al., 2013&Gad, 2013& Sung et al., 2013&Zhou et al., 2013).However,
vitamin D supplementation was able to reduce significantly MAP.

In humans it has been reported that supplementation of multivitamins containing vitamin D is associated
with reduced risk of preeclampsia (Wen et al.,, 2008&Walker et al., 2011).Furthermore, Vitamin D
supplementation decreased hypertension in response to placental ischemia during pregnancy in PE rat model
(Darby et al., 2013&Kemse et al., 2014). A recent meta-analysis found that decreased circulating Vitamin D is
associated with an increased risk of hypertension in healthy populations (Zhang et al.,2013).
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Mechanisms linking vitamin D and blood pressure may be related to direct vitamin D effects on the
vasculature (Brewer et al., 2011). In experimental studies, VDR activation has been shown to exert a variety of
anti-atherosclerotic effects (Tare et al., 2011). These involve, amongst others, vitamin D induced decrease of
endothelial adhesion molecules, increase of nitric oxide (NO) production and inhibition of macrophage to foam cell
formation (Oh et al., 2009&Brewer et al., 2011& Tare et al., 2011&Molinari et al., 2011). Data from clinical
studies addressing these issues are, however, less clear, but there are at least some studies suggesting a relationship
of vitamin D deficiency and endothelial dysfunction (Harris et al., 2011& Witham et al., 2012). Taken together,
several plausible pathophysiological mechanisms exist that may account for the link between vitamin D and
regulation of blood pressure.

In addition, vitamin D supplementation produced a significant decrease in proteinuria in PIH group (group
II1).Vitamin D is also responsible for kidney protection and the regulation of several renal physiological
activities (Li, 2011b). Thus, vitamin D deficiency (VDD) (<10 ng/mL) or insufficiency (10-30 ng/mL) can
accelerate the progression of kidney disease (Gonzalez et al., 2004&Ulerich , 2010&Cuppari et al., 2011).
Furthermore, vitamin D deficiency itself has been associated with increased prevalence of proteinuria in adults (Li,
2011b).

Our findings are supported by experimental data which suggest that VDR activation may exert anti-
proteinuric effects e.g. by protection against podocyte damage and induction of megalin expression, which is
required for tubular reabsoprtion of albumin (Dusso andTokumoto, 2011&Mirkovi¢ et al., 2011). Various other
nephroprotective actions of vitamin D have also been described by other researchers, these partially involve anti-
inflammatory actions of vitamin D by suppression of nuclear factor-kB (NF- «xB) (Bouillon et al., 2008).

Results of this study also revealed a significant increase in plasma angiotensin Il levels in PIH rats,
however, vitamin D supplementation in group 111 produced a significant decrease in the above mentioned parameter.
Vitamin D is a negative endocrine regulator of the renin-angiotensin-aldosterone-system (RAAS), which plays a key
role in the development of kidney disease (Petchey et al., 2011). Li et al. (2002) and Kong et al. (2008)
demonstrated that VDR- knockout mice presented higher renin and angiotensin Il levels leading to hypertension.
Moreover, low levels of vitamin D also induce podocyte loss and the development of glomerulosclerosis through
direct cellular effects, compromising the integrity of the glomerular filtration membrane (Kuhlmann et al., 2004
&L.i, 2011b).

Previous studies conducted in humans and animals have shown strong evidences that vitamin D deficiency
led to an up regulation of the renin-angiotensin system (Li, 2003&Tamez et al., 2013 &Schroten., et al., 2013). In
addition, Canale et al. (2014) findings also revealed increased activation of RAAS in VDD rats which could be
explained by the increased mRNA expression of renin, angiotensinogen (AGT), angiotensin converting enzyme
(ACE), and angiotensin receptor (AT1a) associated with augmented levels of aldosterone. In addition, they showed
higher expression of angiotensin 11 and its receptor in the kidney of VDD animals, reinforcing the role of vitamin D
on blood pressure control.

It is well known that oxidative stress is also implicated in the development of hypertension. Angiotensin Il
activates NADPH oxidase leading to the generation of superoxides(Patzak andPersson ,2007& Finch et al.,
2012). In this context, Zhang et al. (2015) concluded that, 1,25(0OH)2D3 normalizes the altered central RAS in
la(OH)ase(-/-)mice, at least partially, through a central antioxidative mechanism.

In this work elevated MDA levels were observed in the PIH group. Oxidative stress may play a central role
in the pathophysiology of preeclampsia and higher levels have been reported by many investigators in animal
(Tanir et al., 2005& Yang et al., 2011) and human (Menon and Rozman, 2007&Patil et al., 2007 &Mehendale
et al., 2008&Gohil et al., 2011 &Kulkarni et al., 2011 &Pimentel et al., 2013) studies. It has been reported that
increased free radicals lead to cellular dysfunction, oxidative damage of biomolecules and endothelial
dysfunction (Valko et al., 2006). A recent review highlights the need to supplement preeclamptic women with
antioxidants during pregnancy to counteract oxidative stress to prevent or delay the onset of preeclampsia and
improve the health of mother and baby (Jones et al., 2014).
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Our findings also revealed that, vitamin D supplementation in PIH rats (group I11) was able to reduce the
oxidative stress by lowering plasma MDA levels. It has been suggested that an vitamin D- micronutrient cocktail
and even alone can modulate biomarkers of oxidative stress and inflammation in humans under different
pathological conditions (Hopkins et al.,, 2010&Shab-Bidar et al., 2014). In addition, Tarcin et al.
(2009) demonstrated that vitamin D deficient individuals presented higher plasma levels of Thiobarbituric Acid
Reactive Substances (TBARS) as a result of increased lipid perioxidation .

Preeclampsia is considered to have a multifactorial etiology associated with inflammatory dysfunction
(Bayram et al., 2012). In the present study, higher levels of plasma TNF-alpha was observed in PIH induced dams
and is similar to earlier reported human studies (Ellis et al., 2001&Bernardi et al.,, 2008&Guven et al.,
2009&Catarino et al., 2012&Lau et al., 2013) as well as in animals (Murphy et al., 2013). In contrast there are
some studies which show no significant differences in the serum levels of TNF-alpha between control and
preeclamptic patients (Freeman et al., 2004&Afshari et al ., 2005&0Ozler et al., 2012).

In this context, vitamin D supplementation in PIH rats (group I11) produced a significant decrease in plasma
TNF-alpha in our study. This finding is supported by those of other investigators who reported increased
inflammation in association with hypovitaminosis D in many settings, such as diabetic, after hip fracture, and
hemodialysis patients (Miller et al., 2007&Giulietti et al., 2007&Bednarek-Skublewska et al., 2010). In vitro
studies support these observations. Vitamin D inhibits TNF-alpha induced inflammatory cytokines in human
coronary endothelial cells (Suzuki et al., 2009).Vitamin D deficiency was also connected with increased
interleukin-6 (IL-6) concentrations through a stress —related kinase, p38 inactivation, in human prostatic epithelial
cells (Casart et al., 2007). These studies are all consistent with an anti-inflammatory role of vitamin D.

Finally, those potentially beneficial effects of vitamin D supplementation in PIH rats, in this work is
supported by the marked improvement in results of the histopathological studies as regards both the placenta and the
kidney (Fig.1- C, G).

Conclusion: In the current study, Vitamin D supplementation to PIH rats showed beneficial effects in terms of
reducing: blood pressure, proteinuria, inflammation and oxidative stress, along with the negative effect on
angiotensin 11 levels.

Recommendations: Effective preventive or therapeutic strategies for preeclampsia do not exist to date. Therefore,
Vitamin D supplementation could benefit these women greatly by interacting with multiple pathways. In addition,
more studies are required to explore the molecular mechanisms underlying this multifaceted effects of vitamin D.
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Professor of Pathology, Faculty of Medicine, Zagazig University, for performing the histopathological studies

REFERENCES

Abuelo JG.(1983): Proteinuria: diagnostic principles and procedures. Ann Intern Med.;98:186-91..

Adamcova M, Ruzickova S, Simko F. (2013): Multiplexed immunoassays for simultaneous quantification of
cardiovascular biomarkers in the model of H (G)-nitro-L-arginine methylester (L-NAME) hypertensive rat. J
PhysiolPharmacol ., 64: 211-217.

Adorini L.(2005) :Intervention in autoimmunity: the potential of vitamin D receptor agonists. Cell
Immunol.,233:115-124,

Afshari JT, Ghomian N, Shameli A, Shakeri MT, Fahmidehkar MA. (2005): Determination of Interleukin-6
and Tumor Necrosis Factor-alpha concentrations in Iranian-Khorasanian patients with preeclampsia. BMC
Pregnancy Childbirth, 1: 5-14.

Barrera D, Noyola-Martinez N, Avila E, Halhali A, Larrea F. (2011): Calcitriol inhibits interleukin-10
expression in cultured human trophoblasts under normal and inflammatory conditions. Cytokine, 57: 316-321.
Bayram M, Taskaya A, Bagriacik EU, Ilhan MN, Yaman M. (2012): The effect of maternal serum sFAS/sFASL
system on etiopathogenesis of preeclampsia and severe preeclampsia. J Matern Fetal Neonatal Med., [Epub ahead of
print].

820



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 4, 814-825

Bednarek-Skublewska A, Smolen A, Jaroszynski A. (2010): Effects of vitamin D3 on selected biochemical
parameters of nutritional status, inflammation, and cardiovascular disease in patients undergoing long-term
hemodialysis. Pol Arch Med Wewn., 120: 167-174.

Bernardi F, Guolo F, Bortolin T, Petronilho F, Dal-Pizzol F. (2008): Oxidative stress and inflammatory markers
in normal pregnancy and preeclampsia. J ObstetGynaecol Res., 34: 948-951.

Bikle D.(2009) :Nonclassic actions of vitamin D. J ClinEndocrinol Metab.,94:26-34. 3.

Bodnar LM, Catov JM, Simhan HN, Holick MF, Powers RW, RobertsJM.(2007):Maternal vitamin D
deficiency increases the risk of preeclampsia.JClinEndocrinolMetab., 92:3517-22.

Bouillon R, Carmeliet G, Verlinden L, van Etten E, Verstuyf A, Luderer HF. (2008) :Vitamin D and human
health: lessons from vitamin D receptor null mice. Endocr Rev.,29:726-76.

Brewer LC, Michos ED, Reis JP.(2011): Vitamin D in atherosclerosis, vascular disease, and endothelial
function. Curr Drug Targets,12:54-60.

BrodowskiL, Burlakov], MyerskiAC , von KaisenbergC. , GrundmannM, Hubel CA Versen-
HoynckV.(2014):Vitamin D Prevents Endothelial Progenitor Cell Dysfunction Induced by Sera from Women with
Preeclampsia or Conditioned Media from Hypoxic Placenta. PLoS One:9(6): 98527

Brown C, McFarlane-Anderson N, Alexander-Lindo R, Bishop K, Dasgupta T. (2013):The effects of S-
nitrosoglutathione and S-nitroso-N-acetyl-D, Lpenicillaminein a rat model of pre-eclampsia. J Nat SciBiol Med., 4:
330-335.

Canale D, Carolina BA, Garcia GJ, Shimizu M H M, SanchesTR, Andrade L. (2014):Vitamin D Deficiency
Aggravates Nephrotoxicity, Hypertension and Dyslipidemia Caused by Tenofovir: Role of Oxidative Stress and
Renin-Angiotensin System.PLoS One; 9(7): e103055.

Cardus A, Panizo S, Encinas M, Dolcet X, Gallego C. (2009) :1,25-dihydroxyvitamin D3 regulates VEGF
production through a vitamin D response element in the VEGF promoter. Atherosclerosis, 204: 85-89.

Cardus A, Parisi E, Gallego C, Aldea M, Fernandez E. (2006) :1,25-Dihydroxyvitamin D3 stimulates vascular
smooth muscle cell proliferation through a VEGF-mediated pathway. Kidney Int., 69: 1377-1384.

Casart YC, Tarrazzi K, Camejo MI. (2007):Serum levels of interleukin-6, interleukin-1beta and human chorionic
gonadotropin in pre-eclamptic and normal pregnancy. GynecolEndocrinol. , 23: 300-303.

Catarino C, Santos-Silva A, Belo L, Rocha-Pereira P, Rocha S. (2012): Inflammatory disturbances in
preeclampsia: relationship between maternal and umbilical cord Blood. Journal of Pregnancy,: 68:4384.

Chaturvedi S, Randive B, Mistry N. (2013): Auvailability of treatment for eclampsia in public health institutions in
Maharashtra, India. J Health PopulNutr., 31: 86-95.

Cuppari L, Garcia Lopes MG, Kamimura MA. (2011) :Vitamin D biology: from the discovery to its significance
in chronic kidney disease. J Ren Nutr., 21: 113-116 .

Darby M M, Wallace K, Cornelius D, Chatman T K, Moselyd N, Martin J N , Purser C A ,Baker R C.(
2013):Vitamin D Supplementation Suppresses Hypoxia-Stimulated Placental Cytokine Secretion, Hypertension and
CD4" T Cell Stimulation in Response to Placental Ischemia. Med J Obstet Gynecol., 23,; 1(2): 1012.

deMoura RS, Resende AC, Moura AS, Maradei MF. (2007) :Protective action of a hydroalcoholic extract of a
vinifera grape skin on experimental preeclampsia in rats. Hypertens Pregnancy, 26: 89-100.

Dusso AS and Tokumoto M.(2011): Defective renal maintenance of the vitamin D endocrine system impairs
vitamin D renoprotection: a downward spiral in kidney disease. Kidney Int. ,79:715-29.

Ellis J, Wennerholm U-B, Bengtsson A, Lilja H, Pettersson A. (2001) :Levels of dimethylarginines and
cytokines in mild and severe preeclampsia. ActaObstetGynecol n Scand., 80: 602-608.

Evans KN, Bulmer JN, Kilby MD, Hewison M. (2004): Vitamin D and placental-decidual function. J
SocGynecollnvestig., 11: 263-271.

Evans KN, Nguyen L, Chan J, Innes BA, Bulmer JN. (2006) :Effects of 25-hydroxyvitamin D3 and 1,25-
dihydroxyvitamin D3 on cytokine production by human decidual cells. BiolReprod., 75: 816-822.

Fernandez Celadilla L, Carbajo Rueda M, Mun~ozRodr1'guez M. (2005):Prolonged inhibition of nitric oxide
synthesis in pregnant rats: effects on blood pressure, fetal growth and litter size. Arch Gynecol Obstet., 271: 243—
248.

Finch JL, Suarez EB, Husain K, Ferder L, Cardema MC. (2012): Effect of combining an ACE inhibitor and a
VDR activator on glomerulosclerosis, proteinuria, and renal oxidative stress in uremic rats. Am J Physiol Renal
Physiol., 302: F141-149 .

Firoz T, Sanghvi H, Merialdi M, Von Dadelszen P.(2011): Preeclampsia in low and middle income countries.
Best Pract Res ClinObestetGynaecol., 25:537-48.

821


http://www.ncbi.nlm.nih.gov/pubmed/?term=Brodowski%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burlakov%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Myerski%20AC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=von%20Kaisenberg%20CS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grundmann%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hubel%20CA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=von%20Versen-H%26%23x000f6%3Bynck%20F%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=von%20Versen-H%26%23x000f6%3Bynck%20F%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Canale%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Bragan%26%23x000e7%3Ba%20AC%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gon%26%23x000e7%3Balves%20JG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimizu%20MH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sanches%20TR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andrade%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Darby%20MM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wallace%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chatman%20KT%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mosely%20JN%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20JN%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Purser%20CA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baker%20RC%5Bauth%5D
http://www.jscimedcentral.com/Obstetrics/Articles/obstetrics-1-1012.pdf

ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 4, 814-825

Freeman DJ, McManus F, Brown EA, Cherry L, Norrie J. (2004): Short- and long-term changes in plasma
inflammatory markers associated with preeclampsia. Hypertension , 44: 708-714.

Gad HI. (2013) :The potential role of anti tumor necrosis factor-alpha antibodies on some renal functions and
vasoregulatory factors in preeclamptic pregnant Wistar rats. Saudi Med J., 34: 490-496.

Gairard A, Lopez-Miranda V, Pernot F, Beck JF, Coumaros G. (2004): Effect of il imidazoline receptor
agonist, moxonidine, in nitric oxide-deficient hypertension in pregnant rats. J CardiovascPharmacol ., 43: 731-736.
Giulietti A, van Etten E, Overbergh L. (2007): Monocytes from type 2 diabetic patients have a pro-inflammatory
profile: 1,25-dihydroxyvitamin D(3) works as anti-inflammatory. DiabetesRes ClinPract., 77: 47-57.

Gohil JT, Patel PK, Gupta P. (2011) :Evaluation of oxidative stress and antioxidant defence in subjects of
preeclampsia. J ObstetGynaecol India, 61: 638-640.

Gonzalez EA, Sachdeva A, Oliver DA, Martin KJ. (2004): Vitamin D insufficiency and deficiency in chronic
kidney disease. A single center observational study. Am J Nephrol., 24: 503-510.

Grundmann M, Haidar M, Placzko S, Niendorf R, Darashchonak N. (2012): Vitamin D improves the
angiogenic properties of endothelial progenitor cells. Am J Physiol Cell Physiol., 303: C954-962.

Guven MA, Coskun A, Ertas IE, Aral M, Zencirci B. (2009): Association of maternal serum CRP, IL-6, TNF-
alpha, homocysteine, folic acid and vitamin By levels with the severity of preeclampsia and fetal birth
weight. Hypertens Pregnancy, 28: 190-200.

Harris RA, Pedersen-White J, Guo DH, Stallmann-Jorgensen IS, Keeton D, Huang Y.(2011):Vitamin D3
supplementation for 16 weeks improves flow-mediated dilation in overweight African-American adults. Am J
Hypertens. ,24:557-62.

Haugen M, Brantsaeter AL, Trogstad L, Alexander J, Roth C, MagnusP, Meltzer HM. (2009):Vitamin D
supplementation and reduced risk of preeclampsia in nulliparous women. Epidemiology, 20:720-6.

He KL and Ting AT. (2002): A20 inhibits tumor necrosis factor (TNF) alpha-induced apoptosis by disrupting
recruitment of TRADD and RIP to TNF receptor 1 complex in Jurkat T cells. Mol. Cell. Biol., 22(17):6034-45.
Henao DE and Saleem MA. (2013): Proteinuria in preeclampsia from a podocyte injury perspective.
CurrHypertens Rep., 15: 600-605.

Hopkins MH, Fedirko V, Jones DP, Terry PD, Bostick RM. (2010) :Antioxidant Micronutrients and Biomarkers
of Oxidative Stress and Inflammation in Colorectal Adenoma Patients: Results from a Randomized, Controlled
Clinical Trial. Cancer Epidemiol Biomarkers Prev., 19: 850-858.

llekis JV, Reddy UM, Roberts JM. (2007): Preeclampsia—a pressing problem: an executive summary of a
National Institute of Child Health and Human Development workshop. Reprod Sci., 14: 508-523.

Jones ML, Mark PJ, Waddell BJ. (2014): Maternal dietary omega-3 fatty acids and placental function.
Reproduction, [Epub ahead of print].

Kalinderis M, Papanikolaou A, Kalinderi K. (2011): Elevated serum levels of interleukin-6, interleukin-1beta and
human chorionic gonadotropin in pre-eclampsia. Am J Reprodimmunol., 66: 468—475.

KemseNG , Kale AA ,Joshi S R. ( 2014):A Combined Supplementation of Omega-3 Fatty Acids and
Micronutrients (Folic Acid, Vitamin B;,) Reduces Oxidative Stress Markers in a Rat Model of Pregnhancy Induced
Hypertension. PL0S One. , 9(11): €111902.

Kienreich K, Grubler M, Tomaschitz A, Schmid J, Verheyen N, Rutters F, M. Dekker J, Pilz S.(2013) :
Vitamin D, arterial hypertension & cerebrovascular disease. Indian J Med Res. April; 137(4): 669-67.

Kong J, Qiao G, Zhang Z, Liu SQ, Li YC. (2008): Targeted vitamin D receptor expression in juxtaglomerular
cells suppresses renin expression independent of parathyroid hormone and calcium. Kidney Int., 74: 1577-1581.
Kuhlmann A, Haas CS, Gross ML, Reulbach U, Holzinger M. (2004) :1,25-Dihydroxyvitamin D3 decreases
podocyte loss and podocyte hypertrophy in the subtotallynephrectomized rat. Am J Physiol RenalPhysiol ., 286:
F526-533.

Kulkarni A, Mehendale S, Pisal H, Killari A, Dangat K. (2011): Association of omega-3 fatty acids and
homocysteine concentrations in preeclampsia. ClinNutr., 30: 60-64.

Lau SY, Guild SJ, Barrett CJ, Chen Q, Mc Cowan L. (2013) : Tumor necrosis factor-alpha, interleukin-6, and
interleukin-10 levels are altered in preeclampsia: a systematic review and meta-analysis. Am J Reprodimmunol., 70:
412-427.

Li YC, Kong J, Wei M, Chen ZF, Liu SQ. (2002) : 1,25-Dihydroxyvitamin D(3) is a negative endocrine regulator
of the renin-angiotensin system. J Clin Invest., 110: 229-238.

Li YC. (2003): Vitamin D regulation of the renin-angiotensin system. J Cell Biochem., 88: 327-331.

Li YC. (2011b): Podocytes as target of vitamin D. Curr Diabetes Rev., 7: 35-40.

Li YC.(2011a): Molecular mechanism of vitamin D in the cardiovascular system. J InvestigMed. ,59:868—71.

822


http://www.ncbi.nlm.nih.gov/pubmed/?term=Kemse%20NG%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kale%20AA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joshi%20SR%5Bauth%5D

ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 4, 814-825

Liu NQ, Ouyang Y, Bulut Y, Lagishetty V, Chan SY. (2013): Dietary vitamin D restriction in pregnant female
mice is associated with maternal hypertension and altered placental and fetal development. Endocrinology, 154:
2270-2280.

Ma RQ, Sun MN, Yang Z .(2010): Effects of preeclampsia-like symptoms at early gestational stage on feto-
placental outcomes in a mouse model. Chin Med J (Engl)., 123: 707-712.

Ma RQ, Sun MN, 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: 3141-3147.

Maynard SE, Min JY, Merchan J, Lim KH, Li J. (2003) : Excess placental soluble fms-like tyrosine kinase 1
(sFlIt1) may contribute to endothelial dysfunction, hypertension, and proteinuria in preeclampsia. J Clin Invest., 111:
649-658.

Mehendale S, Kilari A, Dangat K, Taralekar VV, Mahadik S. (2008): Fatty acids, antioxidants, and oxidative
stress in pre-eclampsia. Int J Gynecol Obstet., 100: 234-238.

Mehta AA, Agrawal AD, Appanna V, Chaudagar KK.(2014):Vitamin D improves corticosteroid efficacy and
attenuates its side-effects in an animal model of asthma.Can J PhysiolPharmacol., 3:1-9. [Epub ahead of print]
Menon J and Rozman R. (2007): Oxidative stress, tissue remodeling and regression during amphibian
metamorphosis. CompBiochemPhysiol C ToxicolPharmacol., 145: 625-31.

Miller RR., Hicks GE, Shardell MD. (2007): Association of serum vitamin D levels with inflammatory response
following hip fracture: the Baltimore hip studies. J Gerontol A BiolSci Med Sci.; 62: 1402-1406.

Mirkovi¢ K, van den Born J, Navis G, de Borst MH.(2011): Vitamin D in chronic Kidney disease: new potential
for intervention. Curr Drug Targets. ,12:42-53.

Mohaghegh Z, Abedi P, Dilgouni T, Namvar F, Ruzafza S. (2015):The Relation of Preeclampsia and Serum
Level of 25-Hydroxyvitamin D in Mothers and Their Neonates: A Case Control Study in Iran. HormMetab Res.
[Epub ahead of print].

Molinari C, Uberti F, Grossini E, Vacca G, Carda S, Invernizzi M.(2011): 1a,25-dihydroxycholecalciferol
induces nitric oxide production in cultured endothelial cells. Cell PhysiolBiochem. ,27:661-8.

Murphy SR, LaMarca BB, Parrish M, Cockrell K, Granger JP (2013): Control of soluble fms-like tyrosine-1
(sFlt-1) production response to placental ischemia/hypoxia: role of tumor necrosis factor-o. Am J
PhysiolRegullntegr Comp Physiol., 304: R130-R135.

Nassar AH, Masrouha KZ, Itani H, Nader KA, Usta IM. (2012): Effects of sildenafil in Nv-nitro-L-arginine
methyl ester-induced intrauterine growth restriction in a rat model. Am J Perinatol., 29: 429-434.

Neerhof MG, Synowiec S, Khan S, Thaete LG. (2011):Pathophysiology of chronic nitric oxide synthase
inhibition-induced fetal growth restriction in the rat. Hypertens Pregnancy, 30: 28-36.

Niehaus WG and Samuelsson B. (1968): Formation of malondialdehyde from phospholipid arachidonate during
microsomal lipid peroxidation. Eur J Biochem 6:126-130.

NussbergerJ,Brunner DB, Nyfeler JA, Linder L, Brunner HR. (2001): Measurement of immunoreactive
angiotensin- (1- 7) heptapeptide in human blood. Clin Chem.;47(4):726- 9.)

Oh J, Weng S, Felton SK, Bhandare S, Riek A, Butler B.(2009):1,25(0OH)2 vitamin D inhibits foam cell
formation and suppresses macrophage cholesterol uptake in patients with type 2 diabetes
mellitus. Circulation ,120:687-98.

Oken E, Ning Y, Rifas-Shiman SL, Rich-Edwards JW, Olsen SF, Gillman MW. (2007): Diet during pregnancy
and risk of preeclampsia or gestational hypertension. Ann Epidemiol., 17:663-8.

Ozler A, Turgut A, Sak ME, Evsen MS, Soydinc HE. (2012): Serum levels of neopterin, tumor necrosis factor-
alpha and Interleukin-6 in preeclampsia: relationship with disease severity. Eur Rev Med Pharmacol Sci., 16: 1707—
1712

Parasuraman S and Raveendran R. (2012).Measurement of invasive blood pressure in rats. J
PharmacolPharmacother, 3(2), 172-77.

Patil SB, Kodliwadmath MV, KodliwadmathSM .(2007): Role of lipid peroxidation and enzymatic antioxidants
in pregnancy-induced hypertension. ClinExpObstet Gynecol., 34: 239-241.

Patzak A and Persson AE. (2007): Angiotensin  ll-nitric ~ oxide interaction in  the
kidney. CurrOpinNephrolHypertens., 16: 46-51.

Petchey WG, Johnson DW, Isbel NM. (2011): Shining D’ light on chronic kidney disease: mechanisms that may
underpin the cardiovascular benefit of vitamin D. Nephrology, 16: 351-367.

Pimentel AM, Pereira NR, Costa CA, Mann GE, Cordeiro VS. (2013) :L-arginine-nitric oxide pathway and
oxidative stress in plasma and platelets of patients with pre-eclampsia. Hypertens Res., 36: 783-788.

823


http://www.ncbi.nlm.nih.gov/pubmed/?term=Mehta%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=25429688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Agrawal%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=25429688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Appanna%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25429688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chaudagar%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=25429688
http://www.ncbi.nlm.nih.gov/pubmed/25429688

ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 4, 814-825

Pospechova K, Rozehnal V, Stejskalova L, Vrzal R, Pospisilova N. (2009): Expression and activity of vitamin D
receptor in the human placenta and in choriocarcinomaBeWo and JEG-3 cell lines.Mol Cell Endocrinol ., 299: 178—
187.

Powe CE, Seely EW, Rana S, Bhan I, Ecker J, Karumanchi SA, Thadhani R.(2010):First trimester vitamin D,
vitamin D binding protein, and subsequent preeclampsia. Hypertension, 56:758-63.

Redman CW and Sargent IL. (2005) :Latest advances in understanding preeclampsia. Science, 308: 1592-1594.
Roberts JM and Escudero C. (2012): The placenta in preeclampsia. Pregnancy Hypertens., 2: 72-83.

Roberts JM, Pearson G, Cutler J, Lindheimer M.(2003): Summary of the NHLBI Working Group on Research
on Hypertension during Pregnancy. Hypertension, 41:437-45.

Schroten NF, Ruifrok WP, Kleijn L, Dokter MM, Sillje HH. (2013) :Short-term vitamin D3 supplementation
lowers plasma renin activity in patients with stable chronic heart failure: an open-label, blinded end point,
randomized prospective trial (VitD-CHF trial). Am Heart J., 166: 357-364 e352.

Shab-Bidar S, Neyestani TR, Djazayery A. (2014): The interactive effect of improvement of vitamin D status and
VDR Fokl variants on oxidative stress in type 2 diabetic subjects: a randomized controlled trial. Eur J ClinNutr. doi:
10.1038/ejcn.2014.240. [Epub ahead of print]

Shand AW, Nassar N, Von Dadelszen P, Innis SM, Green TJ.(2010): Maternal vitamin D status in pregnancy and
adverse pregnancy outcomes in a group at high risk for pre-eclampsia. BJOG.,117:1593-8.

Sung JH, Jo YS, Kim SJ, Ryu JS, Kim MC.(2013) :Effect of Lutein on L-NAME-Induced Hypertensive
Rats. Korean J PhysiolPharmacol 17: 339-345.

Suzuki Y, Ichiyama T, Ohsaki A. (2009): Anti-inflammatory effect of lalpha,25-dihydroxyvitamin D(3) in human
coronary arterial endothelial cells: implication for the treatment of Kawasaki disease. J Steroid BiochemMol Biol.,
113: 134-138.

Tabesh M, Salehi-Abargouei A, Esmaillzadeh A. (2013): Maternal vitamin D status and risk of pre-eclampsia: a
systematic review and meta-analysis. J ClinEndocrinolMetab., 98: 3165-3173.

Takei H, lizuka S, Yamamoto M, Takeda S, Yamamoto M. (2007): The herbal medicine Tokishakuyakusan
increases fetal blood glucose concentrations and growth hormone levels and improves intrauterine growth
retardation induced by N(omega)-nitro-L-arginine methyl ester. J Pharmacol Sci., 104: 319-328.

Tamez H, Kalim S, Thadhani RI.  (2013): Does vitamin D  modulate  blood
pressure? CurrOpinNephrolHypertens., 22: 204-2009.

Tanir HM, Sener T, Inal M, Akyuz F, Uzuner K. (2005): Effect of quercetine and glutathione on the level of
superoxide dismutase, catalase, malonyldialdehyde, blood pressure and neonatal outcome in a rat model of pre-
eclampsia induced by NG-nitro-L-arginine-methy! ester. Eur J ObstetGynecolReprod Biol., 118: 190-5.

Tarcin O, Yavuz DG, Ozben B, Telli A, Ogunc AV. (2009): Effect of vitamin D deficiency and replacement on
endothelial function in asymptomatic subjects. J ClinEndocrinolMetab., 94: 4023-4030.

Tare M, Emmett SJ, Coleman HA, Skordilis C, Eyles DW. (2011): Vitamin D insufficiency is associated with
impaired vascular endothelial and smooth muscle function and hypertension in young rats. J Physiol., 589: 4777—
4786.

Ulerich L. (2010) :Vitamin D in chronic kidney disease—new insights. NephrolNursJ ., 37: 429-431.

Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. (2006):Free radicals, metals and antioxidants in oxidative
stress-induced cancer. ChemBiol Interact., 160: 1-40.

Visser N, van Rijn BB, Rijkers, GT.(2007): Inflammatory changes in preeclampsia: current understanding of the
maternal innate and adaptive immune response. ObstetGynecolSurv., 62: 191-201.

Walker MC, Finkelstein SA, Rennicks White R, Shachkina S, Smith GN.(2011) : The Ottawa and Kingston
(OaK) Birth Cohort: development and achievements. J ObstetGynaecol Can., 33:1124-1133.

Wang Y, Gu Y, Zhang Y, Lewis DF. (2004) Evidence of endothelial dysfunction in preeclampsia: decreased
endothelial nitric oxide synthase expression is associated with increased cell permeability in endothelial cells from
preeclampsia. Am J Obstet Gynecol., 190: 817-824.

Wen SW, Chen XK, Rodger M, White RR, Yang Q. (2008): Folic acid supplementation in early second trimester
and the risk of preeclampsia. Am J Obstet Gynecol., 198 45: el—7.

Witham MD, Dove FJ, Sugden JA, Doney AS, Struthers AD.(2012): The effect of vitamin D replacement on
markers of vascular health in stroke patients - a randomised controlled trial. NutrMetabCardiovascDis. ,22:864—70.
Yang X, Guo L, Sun X, Chen X, Tong X. (2011): Protective effects of hydrogen rich saline in preeclampsia rat
model. Placenta, 32: 681-686.

824



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 4, 814-825

Zhang W, Chen L, Zhang L, Xiao M, Ding J, Goltzman D, Miao D.(2015): Administration of exogenous
1,25(0OH)2D3 normalizes over activation of the central renin-angiotensin system in la(OH)ase knockout mice.
Neurosci Lett. 9;588:184-9.

Zhang Z, Gao Y, Zhang L, Jia L, Wang P. (2013): Alterations of IL-6, IL-6R and gp130 in early and late onset
severe

preeclampsia. Hypertens Pregnancy, 32: 270-280.

Zhou Q, Shen J, Zhou G, Shen L, Zhou S. (2013: ) Effects of magnesium sulfate on heart rate, blood pressure
variability and baroreflex sensitivity in preeclamptic rats treated with L-NAME. Hypertens Pregnancy, 32: 422—
431.

825



