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Abstract 

Preeclampsia, hypertensive disorder of pregnancy is characterized by hypertension, proteinuria occurring following the 20th week 

of gestation in previously normotensive pregnant women. Though many scientific clinical and biochemical tests have been 

anticipated for prediction of preeclampsia there is not enough substantiation for their use in clinical practice. Emerging novel 

strategies like targeting the CSE/H2S activity, role of marinobufagenin in the development of hypertension, have been investigated 

only in animal models of preeclampsia. Further research, requiring clinical trials may provide some evidence for their use as a part 

of the treatment strategies. Keeping in mind, the possible drawbacks with respect to the current investigative procedures, this 

review highlights on how the altered level of plasma thiols i.e. elevated cysteine, homocysteine, cysteinylglycine and decreased 

glutathione levels and increased serum CRP levels in subjects with abnormal doppler (proneness to preeclampsia) could be used as 

risk marker to predict preeclampsia. This review additionally highlighted on how L-Arginine administration in subjects with 

abnormal doppler decreased the plasma thiols and serum CRP levels back to their existing normal range in a normotensive 

pregnant woman. Endothelial dysfunction could be associated with the presence of raised concentrations of CRP and plasma thiols 

that alters the production and degradation of Nitric oxide. 
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Introduction 

Hypertensive disorders of pregnancy are associated with 

significant maternal and fetal mortality and morbidity, 

preeclampsia being the most common one [1]. It has been 

defined as “a new onset of elevated blood pressure of 140/90 

mm Hg or more, recorded on two separate occasions at least 6 

hours apart and in the presence of at least 0.3g of protein in a 

24 hour urine, occurring after the 20th week of gestation in a 

previously normotensive patient, and resolving completely 

between 6-12 weeks after delivery” [2].  

This condition is known to occur in early pregnancy because 

of abnormal placentation leading to impaired trophoblastic 

differentiation; the process further stimulating oxidative stress 

and resulting in a systemic inflammatory response. On the 

other hand, late onset preeclampsia (i.e. ≥34 weeks gestation) 

is triggered by an intrinsic pathology involving microvillus 

overcrowding impeding the perfusion resulting in increased 

oxidative stress proteins that modulate the maternal response 

to developing preeclampsia through regulation of various 

growth factors [3]. 

As per the World Health Organization (WHO) (2003), the 

incidence of preeclampsia is high in developing countries 

(2.8% of live births) than in developed countries (0.4%) [4]. It 

is known to complicate 3% to 8% of the pregnancies in 

westernized countries accounting for about 10 – 15% of the 

overall maternal deaths [5]. The four major etiologic factors 

implicated in the pathologic process are immunological 

maladaptive tolerance between maternal and fetal tissues, 

abnormal trophoblastic invasion of the uterine arteries, 

maternal mal adaptation to cardio vascular system and genetic 

factors [6].  

Dysfunction of the L-Arginine-Nitric oxide system occurs in 

preeclampsia leading to lowered nitric oxide levels [7]. The 

inflammatory marker C-reactive protein is associated with 

endothelial dysfunction, possibly due to a reduced 

bioavailability of Nitric oxide (NO) [8]. Cysteine, 

homocysteine, cysteine glycine and glutathione are the 

biologically low molecular mass thiols found in the plasma(9) 

and according to a well known theory, excess free radicals 

triggers off preeclampsia in those women who have lowered 

level of glutathione and higher levels of cysteine, 

homocysteine and cysteinyl glycine [10].  

With respect to diagnosis, uterine artery Doppler continues to 

be the main clinical adjunct, but suffers from low sensitivity. 

Hypothetically, added information might come from prenatal 

diagnostic analytics (first trimester, plasma protein-A [PAPP-

A]; second trimester alpha-fetoprotein [AFP], human 

chorionic gonadotropin [hCG], and inhibin-A), but large 

prospective data analysis performed as a part of the National 

Institute of Child Health and Human Development Maternal 

Fetal Medicine Units Network antioxidant trials was 

disappointing [11]. This review was directed towards knowing 

if the plasma thiol and CRP levels would help predict this 

condition and to further analyze the nitric oxide levels after 

administering the drug L-Arginine. 

 

Diagnostic tests for preeclampsia 

Doppler velocimetry to assess the impedance of uteroplacental 

flow in pregnancies was first described in the 1980s (12). This 

method detects using abnormal wave patterns in the Doppler 
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ultrasound [13]. Systematic review and meta-analysis to assess 

the accuracy of mean arterial pressure and blood pressure 

measurements in predicting this disease, elucidated mean 

arterial pressure as a better predictor than systolic, diastolic or 

an increased blood pressure [14]. The spot protein: creatinine 

ratio to identify proteinuria of 0.3 g/day or more in 

hypertensive pregnancy was reviewed by Cote AM, et al.  [15].  

Angiogenic markers, mainly placental growth factor showed 

considerable potential in the diagnosis [16]. Congo red test 

assessed the presence of misfolded proteins in urine as a 

diagnostic and prognostic tool by combining smart phone 

based image analysis with molecular disease specific features 

[17]. L Yoffe reviewed the prognostic value of circulating small 

non-coding RNA in the first trimester, for use as a non-

invasive diagnostic tool [18]. 

 

Thiel status in women with preeclampsia 

Apart from the major etiologic factors implicated in the 

pathologic process, lately evidence has been established for 

the role of oxidative stress which can be combated by 

enzymatic/non enzymatic antioxidants [19]. Thiols encompass 

the major fraction of the whole body of antioxidants and play 

a key role in defense against the reactive oxygen free radicals 

[20]. Cysteine, homocysteine, cysteine glycine and glutathione 

group of thiols help in combating this oxidative stress [21].  

A study on homocysteine association with preeclampsia found 

higher mean levels in women with preeclampsia (14.5) in 

comparison to normotensive pregnant women (11.5) [22]. 

Similar trends were found in the study conducted by 

Raijmakers et al. [19] with respect to mean homocysteine and 

cysteinyl glycine levels in preeclampsia and normal 

pregnancies. This elevated concentration in preeclamptic 

patients could be attributed to decreased activity of one of the 

enzymes responsible for the remethylation of homocysteine or 

pathological process of haemoconcentration [23].  

Literature assessing the glutathione activity noted a very 

significant decrease in plasma glutathione peroxidase activity 

in preeclamptic pregnancies when compared to controls [24]. 

Reports given by JB Sharma, et al. [25] and S Kharb [26] found a 

comparable trend of reduced glutathione level in pre eclamptic 

women. Glutathione neutralizes the free radicals and reactive 

oxygen species in preeclampsia and thereby protects the 

macromolecules against this oxidative damage. This decrease 

in the glutathione levels might be due to disturbances in the 

synthesis of glutathione in this condition [23]. 

Study (my PhD thesis) done to predict preeclampsia using a 

doppler ultrasound also found elevated levels of cysteine, 

homocysteine and cysteinyl glycine and decreased levels of 

glutathione in those with abnormal doppler when compared to 

subjects with normal Doppler. These altered levels of 

oxidative stress parameters could be used as a plausible 

marker to predict preeclampsia in pregnant women.  

 

C-reactive protein to predict preeclampsia 

C-reactive protein (CRP) was recognized way back in the 

1930s to be linked with one of the pathogenic process i.e. 

acute inflammatory responses [27]. It is formed by the 

hepatocytes in the liver [28]. In a normal pregnancy, improved 

innate immune cell activation is seen in the periphery. In 

distinction, preeclamptic pregnancies are associated with 

improper immune responses [29]. Inflammatory cytokines like 

interleukin-6 along with tumor necrosis factor-α are elevated 

in this condition [30]. These stimulate the production of C- 

reactive protein [31], which is an extremely objective and 

sensitive index of overall inflammatory activity in the body 

[32]. 

Prior literature to estimate serum uric acid and C-reactive 

protein levels found an elevated mean of 8.14 in preeclampsia 

in contrast to subjects with normal pregnancy (6.28) [33]. A 

case control study to determine the (CRP) level along with 

fibrinogen concentration demonstrated a high maternal serum 

CRP in preeclampsia compared with those from normal 

pregnant women [34]. H Ayatollahi, et al. [35] and AJ Onuegbu, 

et al. [36] too reported considerable difference in the means 

serum CRP involving normal pregnant women and 

preeclamptic women. 

Study (my PhD thesis) using a doppler ultrasound also found 

high mean levels of serum CRP in abnormal doppler group 

(2.9) in contrast to normal doppler (2.1). CRP, a sensitive 

marker of tissue damage and inflammation played an 

important role in eliciting response characteristic of 

preeclampsia [37]. A relationship between endothelial 

dysfunction and inflammation was established [38, 39] and it was 

additionally revealed that markers of endothelial activation 

have an active role [40]. These high levels of CRP occurring as 

a consequence of dysfunction of endothelial cells [41] may 

perhaps be used as risk marker for predicting preeclampsia 

 

L-Arginine dependent nitric oxide metabolism & its effect 

on thiols and CRP 

Although the etiopathogenesis is still uncertain, there is a 

compromised function of maternal endothelium i.e. 

vasoconstriction with increased peripheral resistance and 

hypertension [42]. In subjects with preeclampsia, plasma levels 

of asymmetric dimethyl-arginine (ADMA), an endogenous 

inhibitor of Nitric Oxide (NO) synthesis, is found to be 

elevated [43, 44]. This decreased synthesis and bioavailability of 

NO has been suggested to play a role in this condition [45]. 

Although, exogenous application of NO showed improved 

fetoplacental circulation, recent reports confirmed impaired 

endothelial function after prolonged use of these drugs [46, 47]. 

In this regard, stimulation of synthesis of NO by use of a 

substrate for nitric oxide synthase (NOS), L-Arginine seems 

safer. Intriguingly, whether this promotes endothelial 

synthesis and reverses endothelial dysfunction and therefore 

improves the clinical status of the patients is still uncertain (48). 

Infusion of 30 g of L-Arginine was reported to reduce blood 

pressure and increase plasma levels of L- citrulline and nitrite; 

noteworthy, these effects were greater in uncomplicated than 

preeclamptic pregnancies [49]. Zdebski Z, et al. [50] on the other 

hand, denied a hypotensive effect of L-Arginine given in a 

daily oral dose of 12 g, up to 5 days. 

Importantly, in both the above mentioned studies L-Arginine 

was given in high amounts over short periods of time. When 

we take into consideration the complex nature of endothelial 

dysfunction one should expect a significantly longer time for 

its reversal. Surprisingly, only a few studies addressed the 

question of the effects of L-Arginine administered over a 

prolonged period of time. The study conducted at Osmania 

Medical College, Hyderabad, Dr VRK Women’s Medical 
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College and Hospital, Hyderabad, Shadan Institute of Medical 

Sciences, Hyderabad was the first of its kind in which a 

relatively low dose was administered for longer than 1 week 

showed that there was a statistically significant lowered levels 

of serum nitric Oxide (p value of < 0.0001) in those cases who 

had an abnormal doppler and who eventually developed pre 

eclampsia and an improvement in the nitric oxide levels of 

those women who had a nitric oxide donor supplementation 

(L-Arginine) (my PhD thesis) 

My study further went ahead to evaluate the plasma level of 

these thiols and serum CRP in patients with abnormal Doppler 

after the administration with L-Arginine. Findings of the study 

elucidated a very interesting finding, the increased level of 

thiols and serum CRP reverted back to the normal range of 

values. One possible reason could be the re-methylation 

process involving adenosyl intermediates (inhibitor of nitric 

oxide synthase) which could be competed away with L-

Arginine, the natural substrate of nitric oxide synthase [51].  

 

Novel therapeutic targets and emerging treatments 

Magnesium sulphate 

In a Cochrane appraisal, magnesium sulphate had halved the 

risk of eclampsia, and possibly reduced maternal death 

attributing to it [52]. It is frequently given either by 

intramuscular or intravenous routes. The intramuscular 

regimen is 4 g intravenous loading dose, followed by 10 g 

intramuscularly and then 5 g intramuscularly every 4 hours. 

The intravenous regimen is 4 g dose, followed by maintenance 

infusion of 1 to 2 g/h by controlled infusion pump [53]. 

 

Angiogenesis 

A dysregulation of angiogenesis is elucidated in the 

pathogenic mechanism of preeclampsia. Placental 

cystathionine γ-lyse (CSE) expression is decreased, leading to 

reduced plasma levels of hydrogen sulfide (H2S). Targeting 

this CSE/H2S activity may be a possible treatment therapy [54]. 

 

Marinobufagenin 

The role of marinobufagenin (MBG) in animal models of 

preeclampsia demonstrated an inhibited cytotrophoblast cell 

function and the urinary excretion of MBG was high prior to 

the development of hypertension and proteinuria which could 

be a potential target for treatment in preeclampsia [55]. 

 

Poly ADP ribose polymerase (PARP) 

Contribution of PARP to endothelial dysfunction prevented 

the development of both endothelial dysfunctions along with 

hypertension, in a rat model of preeclampsia [56]. 

 

Conclusion and future perspective 

Preeclampsia has remained a major public health threat in 

developed as well as developing countries contributing to 

maternal morbidity and mortality. The problem is confounded 

by the etiology besides the capricious nature of the disease. 

Results of my study showed statistically lowered levels of 

serum nitric oxide levels in those who had an abnormal 

Doppler and who eventually developed pre eclampsia and an 

improvement in those who had a nitric oxide donor 

supplementation (L-Arginine). The thiols and CRP were also 

analyzed and there were abnormal level in those with the 

disease (p<0.001). Additionally in my study L-Arginine 

administered to subjects with abnormal Doppler decreased the 

thiols and CRP levels back to their normal range. Endothelial 

dysfunction could be associated with the presence of raised 

concentrations of CRP and plasma thiols that altered the 

production and degradation of Nitric oxide. This review gives 

an additional scope for research where L-Arginine 

supplements could be used to improve endothelial function 

resulting from altered production of nitric oxide. Prevention of 

any disease progression requires the accessibility of methods 

for prediction of those at high risk for the disorder. Currently 

available investigative procedures are limited by financial 

constraints and local resource settings. Henceforth altered 

levels i.e. increased serum cysteine, homocysteine, cysteinyl 

glycine and serum CRP and decreased glutathione could be 

used as plausible markers to predict this disease. 
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