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ABSTRACT
Background: Preeclampsia is a leading cause of maternal and fetal morbidity and mortality all over the world. Endothelial 
dysfunction is the chief mediator of clinical manifestations of preeclampsia, which are hypertension and proteinuria. Asymmetric 
dimethylarginineis an endogenous inhibitor of nitric oxide synthase that induces endothelial dysfunction by reversibly inhibiting 
nitric oxide production from l-arginine.
Materials and Methods: We conducted a prospective case-control study to estimate the levels of asymmetric dimethylarginine 
and nitric oxide in the maternal serum of pregnant women with and without preeclampsia. Pregnant women with non-severe 
preeclampsia (n=40) and healthy, normotensive women (n=40) admitted for normal vaginal delivery were enrolled in the study. 
The  serum levels of asymmetric dimethylarginine were estimated using ELISA and those of nitric oxide by Griess reaction.
Results: After analyzing the data we found that the levels of asymmetric dimethylarginine were significantly higher and those of 
nitric oxide significantly lower in cases. There was no significant correlation between the levels of asymmetric dimethylarginine 
and nitric oxide, suggesting a role of factors other than asymmetric dimethylarginine in the regulation of nitric oxide metabolism. 
Nitric oxide showed significant negative correlation with the systolic BP and mean arterial pressure of the cases whereas asym-
metric dimethylarginine did not, which implies that nitric oxide is an important determinant of BP in preeclampsia. 
Conclusion: The present study highlights the interplay between asymmetric dimethylarginine & nitric oxide and its role in the 
etiopathogenesis of preeclampsia. It is a complex, multifactorial interaction with no one-to-one relationship and can serve as the 
biochemical focus of the treatment of preeclampsia.
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INTRODUCTION

Preeclampsia, a hypertensive disease of pregnancy, is a 
major cause of maternal and fetal morbidity and mortality. 
Preeclampsia alone complicates about 3% of pregnancies 
whereas all hypertensive disorders together affect about 5 to 
10% of pregnancies worldwide.(1) In India, the incidence of 
preeclampsia is reported to be 8 to 10% amongst registered 
pregnant women. Preeclampsia is defined as hypertension in 
pregnancy after ≥20 weeks of gestation with systolic blood 

pressure of ≥140 mmHg or a diastolic pressure of ≥90mmHg 
as measured twice, 4-6 hours apart and proteinuria ≥30mg 
per day (≥1+ on dip-stick) in a minimum of two random 
urine samples collected at least 4-6 hours, but not more than 
7 days apart.(2)

During normal pregnancy, certain structural modifications 
take place in the myometrium and spiral arteries of the uter-
us. The villous cytotrophoblast invades into the myometrium 
and leads to the loss of endothelium and muscle fibres of the 
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spiral arteries. This converts the spiral arteries into low re-
sistance vessels.(3) Pre-eclampsia is caused by the defective 
invasion of the spiral arteries by cytotrophoblastic cells. This 
increases the resistance of spiral arteries leading to chronic 
placental ischemia. The ischemic placenta produces free rad-
icals, oxidized lipids, cytokines, and serum soluble vascular 
endothelial growth factor leading to oxidative stress.(4)

All these factors cause severe endothelial dysfunction lead-
ing to the classical manifestations of preeclampsia that are 
hypertension and end-organ damage.(5) This adversely af-
fects the fetal circulation causing intrauterine growth retar-
dation or even intrauterine death of the fetus.(6)

Endothelial dysfunction leads to derangement in a number of 
biochemical parameters out of which asymmetric dimethyl 
arginine and nitric oxide are well-known factors. 

Asymmetric dimethylarginine is one of the degradation 
products of methylated proteins. Its formation is catalyzed 
by the enzyme protein arginine methyltransferase type 1 
and the methyl group is donated by S-adenosyl methionine.
(7) Asymmetric dimethylarginine and other asymmetrically 
methylated residues are competitive inhibitors of nitric ox-
ide synthase.(8) Asymmetric dimethylarginine is cleared by 
renal and non-renal routes such as pancreas, liver, brain and 
aorta in which it is degraded by the enzyme dimethyl argi-
nine dimethylaminohydrolase (DDAH) into citrulline and 
dimethylamine.(9)

Asymmetric dimethylarginine is a mediator molecule of 
endothelial dysfunction implicated in the pathogenesis of 
many cardiovascular diseases. This action is mediated by the 
inhibition of nitric oxide synthase enzyme as well as direct 
endothelial toxicity. Asymmetric dimethylarginine has been 
suggested as a strong and independent risk factor for total 
mortality and cardiovascular outcome.(10)

The endothelial cells are chiefly responsible for the vascular 
homeostasis. They respond to a variety of stimuli by elabo-
rating a host of vaso-active agents, primarily nitric oxide, 
also known as the endothelium-derived relaxing factor.(11) 
A principal intracellular target for nitric oxide is guanylate 
cyclase, which, when activated, increases the intracellular 
concentration of cyclic guanosine monophosphate, which 
in turn activates protein kinase G.(12) Acting through this 
pathway, nitric oxide induces relaxation of vascular smooth 
muscle and inhibits platelet activation and aggregation.(13)

High concentrations of asymmetric dimethylarginine are as-
sociated with inflammation, insulin resistance, dyslipidemia, 
and obesity.(14) Asymmetric dimethylarginine and nitric 
oxide have been studied more extensively in cardiovascular 
diseases. There are conflicting remarks about their role in 
preeclampsia in the literature. Hence it was of interest to un-
derstand the interplay of these two molecules in preeclamp-
sia. 

MATERIALS & METHODS

We conducted a case-control study in the Department of Bio-
chemistry of B.J. Govt Medical College and Sasoon General 
Hospital Pune, a tertiary care teaching hospital, during the 
period of February-March 2017. Ethical clearance was ob-
tained from the institutional ethics committee.

The study comprised of 40 cases of preeclampsia and 40 nor-
motensive, healthy pregnant women as controls, admitted for 
normal vaginal delivery in Sasoon General Hospital in the 
above mentioned time period. The samples were collected 
immediately after admission to the labour room.

The diagnostic criteria for preeclampsia were, having an 
onset at ≥20 weeks of gestation, systolic blood pressure of 
≥140 mmHg or a diastolic pressure of ≥90mmHg as meas-
ured twice 4-6 hours apart and ≥30mg per day of proteinuria 
(≥1+ on dip-stick) in a minimum of two random urine sam-
ples collected at least 4-6 hours but not more than 7 days 
apart. Normal pregnant women in their third trimester of 
pregnancy were taken as controls.

The inclusion criteria for cases were: age 18-30 years, pa-
tients in the third trimester of pregnancy, bp ≥140/90 mmHg 
at the time of sample collection, ≥1+ proteinuria on dip-stick 
test at the time of sample collection. Both primi and multi-
gravida patients were included. 

The exclusion criteria for both cases and controls were the 
presence of any comorbidities other than preeclampsia, any 
history of infections including HIV, HBV or HCV, gestation-
al age less than 28 weeks and peeclampsia with complica-
tions i.e. severe preeclampsia.

After explaining all the details, a written informed consent 
was taken from each patient. A detailed history of the pa-
tients was recorded on a preformed questionnaire. After tak-
ing proper aseptic precautions 5ml of blood sample was col-
lected in a plain vacutainer from each patient. The serum was 
separated and was stored at -20ᴼC. 

Asymmetric dimethylarginine was measured by Human 
asymmetric dimethylarginine ELISA kit and nitric oxide by 
cadmium reduction method (Griess reaction).(15)

STATISTICAL ANALYSIS

Unpaired t-test was performed to compare all the parameters 
between cases and controls. Pearson’s correlation coefficient 
was calculated to assess the correlation between asymmetric 
dimethylarginine, nitric oxide and blood pressure of the pa-
tients. Regression analysis was done for the parameters with 
a significant correlation. 
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RESULTS

The mean age in preeclampsia cases was 23.925±4.33 years 
and that in controls is 23.3±3.083 years. The mean systolic 
blood pressure of cases, being 153.75±11.55 mmHg, was sig-
nificantly higher than that of controls i.e. 114.6±8.53 mmHg 
(P<0.0001). The mean diastolic blood pressure of cases, be-
ing 102.4±9.48 mmHg, was significantly higher than that of 
controls i.e. 79.65±8.20 mmHg (P<0.0001.) Similarly, the 
average mean arterial pressure of cases was 119.5167±8.95 
mmHg, which was significantly higher than that of controls, 
being 91.3±7.242 mmHg (P<0.0001). (Table 1)

The mean asymmetric dimethylarginine concentration in 
cases was 0.7425±0.208 µmol/L and that in controls was 
0.61755±0.1337 µmol/L. It was significantly higher in cas-
es than in controls with P<0.0018. The mean nitric oxide 
concentrations in cases and controls were 24.7400±10.03 
mmol/L and 57.7923±11.84 mmol/L respectively. It was 
significantly less in cases than in controls with P<0.0001. 
(Table 1)

In patients with preeclampsia, we found that there was a sig-
nificant negative correlation between nitric oxide and sys-
tolic blood pressure and also between nitric oxide and mean 
arterial pressure. There was no correlation between nitric ox-
ide and diastolic blood pressure. (Table 2)

Regression analysis was applied for nitric oxide (X) vs. Sys-
tolic blood pressure (Y). At 95% confidence limit the slope 
of the line was -0.46775±0.34575 which was significantly 
non-zero with P=0.0093.  The equation of the line was ob-
tained as Y = -0.4678*X + 165.3. This implies that for a 10 
mmol/L decrease in serum nitric oxide concentration the sys-
tolic blood pressure increase by 4.678 mmHg. (Graph 1)  

Similarly on applying the regression for nitric oxide (X) vs. 
MAP (Y), at 95% confidence limit the slope of the line was 
-0.330755±0.272345. The slope was significantly non-zero 
with P=0.0186. The equation of the line was obtained as Y 
= -0.3307*X + 127.7. This implies that for a 10 mmol/L de-
crease in serum nitric oxide concentration the mean arterial 
pressure increases by 3.307 mmHg. (Graph 2) 

No correlation was found between asymmetric dimethylargi-
nine and the systolic, diastolic and mean arterial pressures of 
patients with preeclampsia.

Even though there was a significant increase in the levels of 
asymmetric dimethylarginine and reduction in the levels of 
nitric oxide in patients of preeclampsia, no correlation could 
be demonstrated between the two parameters.

DISCUSSION

In this study, we found that there is a highly significant 
increase in the serum concentration of asymmetric dimeth-

ylarginine in patients of preeclampsia as compared to the 
normal pregnant women (Table 1, P<0.0018). This could 
be explained by chronic placental ischemia seen in preec-
lampsia which leads to oxidative stress. Oxidative stress 
diminishes the activity of the enzyme DDAH that normally 
degrades the asymmetric dimethylarginine, thus leading to 
its rise.(16) Similar findings were reported by Anders Pet-
tersson, et al.(17)

Asymmetric dimethylarginine is a known cause of endothe-
lial dysfunction. The endothelium of renal vasculature is also 
affected by the elevated asymmetric dimethylarginine levels 
leading to proteinuria in preeclampsia. A similar relationship 
between asymmetric dimethylarginine and proteinuria was 
shown by K. Caglar et al in their study.(18)

We also observed a very highly significant decrease in the 
serum concentration of nitric oxide in preeclampsia as com-
pared to the normal pregnancies (Table 2, P<0.0001). As ex-
plained above, asymmetric dimethylarginineis a competitive 
inhibitor of nitric oxide synthase. Hence a rise in its levels 
could be the reason for the observed fall in nitric oxide lev-
els. This is consistent with the findings of the study conduct-
ed by Duane T. Lowe.(19)

Taking into consideration the above observations, a negative 
correlation between asymmetric dimethylarginine (inhibitor) 
and nitric oxide (product) was expected but was not found 
statistically significant, which was contradictory to the find-
ings of D Mao et al.  who reported a significant negative 
correlation between the two.(20) This discrepancy may be 
due to multiple factors involved in the regulation nitric oxide 
synthesis one of which is the inhibitory effect of asymmetric 
dimethylarginine on nitric oxide synthase.

Previous studies have pointed out the role of nitric oxide in 
atherosclerosis, endothelial dysfunction and hypertension. 
The study conducted by Vincente Lahera et al described the 
role of nitric oxide in hypertension by its effects on the kid-
ney (21), also Ji-Yeon Sim has studied its role in the patho-
genesis of pulmonary hypertension.(22) In our study, we 
have tried to elucidate the role of nitric oxide in preeclampsia 
as the cause of hypertension. 

On correlation analysis, nitric oxide showed a highly sig-
nificant negative correlation with the systolic blood pressure 
(Table 2, r = – 0.4062) and a significant negative correlation 
with the mean arterial pressure in preeclampsia patients (Ta-
ble 2, r=-0.3706). This suggests that nitric oxide is the chief 
determinant of blood pressure in preeclampsia and reduction 
in its levels can be the cause of hypertension in preeclampsia.

On applying regression analysis we found that a 10 mmol/L 
decrease in the serum concentration of nitric oxide increases 
the systolic blood pressure by 4.678 mmHg and mean arte-
rial blood pressure by 3.307 mmHg.     
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Although asymmetric dimethylarginine, by inhibiting ni-
tric oxide synthase reduces nitric oxide and can thus lead to 
the development of hypertension, no direct correlation was 
found between asymmetric dimethylarginine and the blood 
pressure parameters suggesting that factors other than asym-
metric dimethylarginine must be playing a role in the regula-
tion of nitric oxide production. The competitive inhibition of 
nitric oxide synthase by asymmetric dimethylarginine may 
be overcome by the substrate arginine and its bioavailabil-
ity may affect the asymmetric dimethylarginine-nitric oxide 
relationship.  

CONCLUSION

The present study demonstrates that the interplay between 
asymmetric dimethylarginine and nitric oxide may form the 
basis of the etiopathogenesis of preeclampsia. These interac-
tions are multifactorial and do not demonstrate a one-to-one 
relationship. Further studies are required for a better under-
standing of this complex interplay as it can serve as a po-
tential biochemical focus of the treatment of preeclampsia 
in future.

Limitation: The levels of arginine were not studied in this 
project.
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CHARTS & GRAPHS

Table 1: General Statistics
Parameter Cases (n=40) [Mean±SD] Controls (n=40) [Mean±SD] P-values

Age (year) 23.925±4.33 23.3±3.083 0.448

Gestational age (weeks) 34±4.73 37.4±2.1 <0.0001

Systolic BP (mmHg) 153.75±11.55 114.6±8.53 <0.0001

Diastolic BP (mmHg) 102.4±9.48 79.65±8.20 <0.0001

Mean-Arterial Pressure(mmHg) 119.5167±8.95 91.3±7.242 <0.0001

ASYMMETRIC 
DIMETHYLARGININE(µmol/L)

0.7425±0.208 0.61755±0.1337 <0.0018

nitric oxide (mmol/L) 24.7400±10.03 57.7923±11.84 <0.0001

Table 2: Correlation between nitric oxide & BP
Correlation Pearson r P value P value summary R squared

nitric oxide & Systolic BP -0.4062 0.0093 ** 0.165

nitric oxide & Mean arterial pressure -0.3706 0.0186 * 0.1373

Graph 1: Regression analysis: SBP vs nitric oxide.

Graph 2: Regression analysis: MAP vs nitric oxide.


