Research Article
The Correlation of L-citrulline Levels with Blood Pressure in Severe Preeclampsia
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Abstract
Background: Based on "vascular disorder of pregnancy" terminology, preeclampsia primarily was not a hypertensive disorder, but a vascular disorder (general vasospasm) in pregnancy due to idiopathic etiology. One of the substances responsible for regulating vascular tone is nitric oxide (NO) produced in endothelial blood vessels. NO and L-citrulline are produced altogether by the reaction between L-arginine and oxygen. L-citrulline levels reflected NO production. This study was aimed to assess the correlation between the L-citrulline level and blood pressure in severe preeclampsia.
Method: This cross-sectional study was done in Dr. M. Djamil Hospital, Padang. The study subject was pregnant women with severe preeclampsia and had yet been given antihypertensive therapy. Pearson correlation was performed to assess the relationship between variables for normally distributed data and Spearman's correlation for abnormal distribution data with significance level p<0.05.
Results: Mean L-citrulline levels, systolic blood pressure, diastolic blood pressure, and mean arterial pressure (MAP) was 87.21 nmol/mL, 179.4 mmHg, 108.3 mmHg, and 132.1 mmHg, respectively. Correlation of the L-citrulline level with systolic blood pressure, diastolic blood pressure, and MAP were -0.08, -0.175, da -0.136 (p >0.05), respectively.  
Conclusions: L-citrulline levels had no correlation with blood pressure in severe preeclampsia.
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INTRODUCTION
Preeclampsia is one of maternal mortality main cause until today besides bleeding and infection. Its exact etiology which had yet been elucidated had caused primary prevention and casual therapy to be difficult, therefore controlling its morbidity and mortality was proven to be a challenge1.
Preeclampsia had been found worldwide with a varied incidence between 2%-8%2, with a mean of 4.6%1; while in developing countries, this was varied between 1.8%-16.7%3. The incidence reported in Indonesia was still dominated by the hospital-based reports, especially in an educational hospital. In Dr. Cipto Mangunkusumo Hospital, Jakarta which was a national referral hospital in Indonesia, this was found as much as 16.6%4. In Dr. M. Djamil Hospital, Padang (where this study was conducted) this has reached 7.1%5.
Many theories about preeclampsia had been proposed by experts causing this disease to be known as the disease of theories6. Each theory coined terminology and tried to explain the spectrums of this disease. Each terminology combined signs and symptoms, but cannot explain its underlying pathology7. Based on theories proposed by experts, four factors had been widely accepted as etiologies of preeclampsia, i.e. genetic factor, immunologic factor, nutritional factor, and infection factor. Although those etiologic factors were different, they would end up in endothelial dysfunction and damage in vascular surface6. Therefore  "vascular disorder of pregnancy" (VDP) terminology was a terminology inclusive to the underlying pathology of this disease affecting all organs and systems7. 
Based on VDP terminology, preeclampsia primarily was not a hypertensive disorder, but a vascular disorder (general vasospasm) in pregnancy due to idiopathic etiology. All systemic complications are caused by microangiopathy (endothelial damage and vasospasm) with various onset and degree of severity. Organs or systems which had a maximal effect would be clinically manifested earlier. Generally, the earliest manifestation observed was hypertension, therefore, this has become the main diagnostic criterion of preeclampsia7.
There were three settings that could end up in general vasospasm (hypertension), that is vasoconstrictor release by the placenta (endothelin, thromboxane A2, angiotensin-II and ROS), maternal vascular hyperresponsiveness to the vasoconstrictor, and relative reduction of a vasodilator (nitric oxide/NO, prostacyclin and prostaglandin E2)7. Preeclampsia associated with vasoconstrictor release by placenta was known as placental preeclampsia and those associated with excessive maternal responses were called maternal preeclampsia8.
Although all organs were at risk to be impaired, the concept of vasospasm pathogenesis with a manifestation of increased blood pressure proposed by Volhard in 1918 is still accepted until today, therefore increased blood pressure  (hypertension) is a main focus to establish the diagnosis, evaluate the degree of severity and evaluate disease improvement after delivery. One of the substances responsible to regulate blood pressure and produced in endothelial blood vessels was nitric oxide (NO)6. 
NO had crucial roles in endothelial regulation, controlling blood pressure, and cardiovascular haemostasis9 NO which was responsible for vascular regulation mainly was endothelial-derived nitric oxide. NO caused vascular relaxation and suppressed thrombocyte adhesion to vascular endothelial10. NO was produced by endothelial as a response to a mechanic and chemical stimulus11.
Vascular relaxation effect was possible because NO was diffused to vascular smooth muscle cells12. This effect of NO was mediated by 3',5'-cyclic guanosine monophosphate (cGMP) produced by soluble guanylyl cyclase. cGMP activated protein kinase A (PKA) and protein kinase G (PKG). Activated PKA and PKG induced smooth muscle relaxation by attenuating myosin light chain kinase activity and enhancing myosin light chain phosphatase activity13; which resulted in the decrease of muscle contraction strength through two mechanisms, i.e. decreased Ca2+ level or decreased sensitivity to Ca2+12.
NO was produced from L-Arginine and O2 reaction catalyzed by  NO synthase (NOS) enzyme. Another product of this reaction was L-citrulline. NOS enzyme activity stimulates NO production during pregnancy. The up-regulation of NO roles in pregnancy was due to the increase of estrogen level13. Physiologic disturbance of NO was the main etiology cause of preeclampsia, therefore, the administration of exogenous NO was being an interesting treatment option to be done11. Disturbances in NO production caused the imbalance of ROS and NO which subsequently causing dysfunction of vasodilation, therefore, blood pressure tends to increase13. Therefore it would be relevant to measure NO levels and it's a correlation with blood pressure in preeclampsia cases.
The measurement of NO levels was so difficult to be done due to its extremely short half-life, where NO was immediately reduced to nitrite and nitrate anion (both were called NO metabolites). Measurement of both metabolites was used as a surrogate measurement of NO production by endothelial NOS enzymes14.  Then, NO and L-citrulline were both end products of L-arginine and O2 reaction catalyzed by NOS enzyme, bearing in mind that if this reaction was adequately produced by enough NO and L-citrulline, vice versa. L-citrulline levels reflected NO production15. NO itself was responsible to control blood pressure. Based on the facts above, this study was done to assess the correlation between L-citrulline level and blood pressures in severe preeclampsia.


METHODS
This study was assessing another aspect (i.e. correlation of L-citrulline levels with blood pressure before administration of antihypertensive and anticonvulsive drugs) of comparative study subjects “The differences of NOS3 T-786C gene polymorphism proportion, NOS3 enzyme levels and L-citrulline levels between severe preeclampsia patients having or not having blood pressure improvement postpartum". This cross-sectional study was done in Obstetrics and Gynecology Division of Dr. M. Djamil Hospital, Padang. Data collection was done from July 2018 - October 2018 resulting in 38 severe preeclampsia case admitted to hospital and had no antihypertensive and anticonvulsive drugs. Blood pressure measurement and L-citrulline levels in blood were tested.  
Univariate analysis was used to observe the characteristics of respondents. Bivariate analysis was done using Pearson correlation test if data distribution was normal and Spearman correlation test was used when data distribution was not normal with significance level p<0.05. The normality test was assessed using Shapiro-Wilk test (total sample in group <50). 

RESULTS
Sample characteristics were presented in Table 1 and 2 
Table 1. Characteristics of Age and Gestational Age
	Characteristic
	Mean
	SD
	Min 
	Max 

	Age  (years)
	31.9
	6.7
	20
	44

	Gestational age (weeks)
	33.6
	3.5
	26
	40



Table 2. Characteristics of Parity and Onset
	Characteristic
	n
	%

	Parity 	
	Primipara 
	10
	27.8

	
	Multipara 
	26
	72.2

	
	Sum
	36
	100

	Onset 
	Early 
	17
	47.2

	
	Delayed 
	19
	52.8

	
	Sum
	36
	100



Table 1 showed that mean age of patients was 31.9 years old with the mean gestational age of 33.6 weeks. Table 2 showed that most of the samples were multipara and almost more than half was a late onset of preeclampsia.

Table 3. Univariate analysis of L-citrulline Levels and Blood Pressure
	
	Mean
	SD
	Min 
	Max 

	L-citrulline levels (nmol/mL)
	87.21
	57.79
	1.2
	156.3

	Systolic blood pressure (mmHg)
	179.4
	24.8
	160
	270

	Diastolic blood pressure (mmHg)
	108.3
	15.8
	90
	150

	MAP (mmHg)
	132.1
	17.5
	113
	190



Table 3 showed that the mean of L-citrulline level was 87.21 nmol/mL and mean of systolic blood pressure, diastolic blood pressure, and MAP was 179.4 mmHg, 108.3 mmHg, and 132.1 mmHg, respectively.

Table 4. Correlation of L-citruline Level and Blood Pressure
	
	Systolic blood pressure
	Diastolic blood pressure
	MAP 

	    L-citrulline level
	r
	-0.08
	-0.175
	-0.136

	
	p
	0.786
	0.309
	0.427

	
	r2
	0.006
	0.031
	0.018



Table 4 showed that there was a weak negative correlation between L-citrulline levels with systolic blood pressure, diastolic blood pressure, and MAP, respectively were -0.08, -0.175, and -0.136. All of them were not statistically significant  (p>0.05).  

DISCUSSION
Mean L-citrulline levels in this study was 87.21 nmol/ml, or 87.21 µmol/L. This finding was twice of a healthy person, that is 35.19 µmol/L 14. This finding was also higher than levels in severe preeclampsia, as much as 44.1 µmol/L15. High L-citrulline level found in severe preeclampsia in this study seemed in contrast with the hypothesis that L-citrulline levels in preeclampsia should be lower than in normal healthy persons. This fact could happen since this L-citrulline level reflected high production of NO, and high production of NO is a compensation phenomenon to the increased synthesis and release of vasoconstrictor and platelet-aggregating agents in severe preeclampsia15. The increase of synthesis and release of vasoconstrictor and platelet-aggregating agents mainly occurred in placental preeclampsia, therefore it is possible that (most of) preeclampsia cases being this study subjects had main etiopathogenesis of placental factor and not a vascular factor.  
In this study, the mean systolic pressure was 179.4 mmHg and diastolic pressure was 108.3 mmHg. This findings indicated that (most of) these study subjects were categorized as severe preeclampsia, fulfilling criteria systolic blood pressure >110 mmHg, and not due to diastolic pressure of >110 mmHg, which means that systolic pressure increase was more prominent than diastolic pressure in this study subjects; or in other words, there was no large increase in diastolic pressure. Diastolic pressure was more depicting base vascular tone, and NO plays a role in base vascular tone regulation as vasodilator substance (causing vascular relaxation)10. No large increase in diastolic pressure could be understood as a condition where the decrease of NO production was not the main underlying cause of severe preeclampsia in this study subjects, in short, the main etiopathogenesis was not a vascular factor.  
This study result did not prove that there was a correlation between L-citrulline levels with blood pressure. Another possibility to explain this fact was that the increase of blood pressure (occurrence of preeclampsia) in this study sample pathogenetically was not due to lack of NO production, lack of NOS3 enzyme activity, or due to downregulation of NOS gene due to polymorphism of NOS3 gene (especially at G-984 and T-786)9. This could be elucidated if a further study was done in this study subjects to examine the association between NOS3 gene/polymorphism of the NOS3 gene, NOS3 enzyme level,  L-citrulline level, and blood pressure.  If those studies were also proven to be wrong, it could be concluded that the main etiopathogenesis of preeclampsia in this study subjects was not due to vascular factor.

CONCLUSION 
Through this study, concluded that there was no correlation between L-citrulline levels with blood pressure in severe preeclampsia. The probable etiopathogenesis of study subjects was not vascular.
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